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Algorithmic Teaching

LearnerTeacher

X , H, ht
<latexit sha1_base64="qqFjPNfiWehNtsyMnbCammqdYmw=">AAACBnicbVDLSsNAFJ34rPUVdSnCYBFcSElE0GXRTZcV7APaECbTSTt0MgkzN0IJXbnxV9y4UMSt3+DOv3HSBtHWAwPnnnMvc+8JEsE1OM6XtbS8srq2Xtoob25t7+zae/stHaeKsiaNRaw6AdFMcMmawEGwTqIYiQLB2sHoJvfb90xpHss7GCfMi8hA8pBTAkby7aNeRGBIicg6kzP8U9RNMfTBtytO1ZkCLxK3IBVUoOHbn71+TNOISaCCaN11nQS8jCjgVLBJuZdqlhA6IgPWNVSSiGkvm54xwSdG6eMwVuZJwFP190RGIq3HUWA68z31vJeL/3ndFMIrL+MySYFJOvsoTAWGGOeZ4D5XjIIYG0Ko4mZXTIdEEQomubIJwZ0/eZG0zquuU3VvLyq16yKOEjpEx+gUuegS1VAdNVATUfSAntALerUerWfrzXqftS5ZxcwB+gPr4xuznJic</latexit><latexit sha1_base64="qqFjPNfiWehNtsyMnbCammqdYmw=">AAACBnicbVDLSsNAFJ34rPUVdSnCYBFcSElE0GXRTZcV7APaECbTSTt0MgkzN0IJXbnxV9y4UMSt3+DOv3HSBtHWAwPnnnMvc+8JEsE1OM6XtbS8srq2Xtoob25t7+zae/stHaeKsiaNRaw6AdFMcMmawEGwTqIYiQLB2sHoJvfb90xpHss7GCfMi8hA8pBTAkby7aNeRGBIicg6kzP8U9RNMfTBtytO1ZkCLxK3IBVUoOHbn71+TNOISaCCaN11nQS8jCjgVLBJuZdqlhA6IgPWNVSSiGkvm54xwSdG6eMwVuZJwFP190RGIq3HUWA68z31vJeL/3ndFMIrL+MySYFJOvsoTAWGGOeZ4D5XjIIYG0Ko4mZXTIdEEQomubIJwZ0/eZG0zquuU3VvLyq16yKOEjpEx+gUuegS1VAdNVATUfSAntALerUerWfrzXqftS5ZxcwB+gPr4xuznJic</latexit><latexit sha1_base64="qqFjPNfiWehNtsyMnbCammqdYmw=">AAACBnicbVDLSsNAFJ34rPUVdSnCYBFcSElE0GXRTZcV7APaECbTSTt0MgkzN0IJXbnxV9y4UMSt3+DOv3HSBtHWAwPnnnMvc+8JEsE1OM6XtbS8srq2Xtoob25t7+zae/stHaeKsiaNRaw6AdFMcMmawEGwTqIYiQLB2sHoJvfb90xpHss7GCfMi8hA8pBTAkby7aNeRGBIicg6kzP8U9RNMfTBtytO1ZkCLxK3IBVUoOHbn71+TNOISaCCaN11nQS8jCjgVLBJuZdqlhA6IgPWNVSSiGkvm54xwSdG6eMwVuZJwFP190RGIq3HUWA68z31vJeL/3ndFMIrL+MySYFJOvsoTAWGGOeZ4D5XjIIYG0Ko4mZXTIdEEQomubIJwZ0/eZG0zquuU3VvLyq16yKOEjpEx+gUuegS1VAdNVATUfSAntALerUerWfrzXqftS5ZxcwB+gPr4xuznJic</latexit><latexit sha1_base64="qqFjPNfiWehNtsyMnbCammqdYmw=">AAACBnicbVDLSsNAFJ34rPUVdSnCYBFcSElE0GXRTZcV7APaECbTSTt0MgkzN0IJXbnxV9y4UMSt3+DOv3HSBtHWAwPnnnMvc+8JEsE1OM6XtbS8srq2Xtoob25t7+zae/stHaeKsiaNRaw6AdFMcMmawEGwTqIYiQLB2sHoJvfb90xpHss7GCfMi8hA8pBTAkby7aNeRGBIicg6kzP8U9RNMfTBtytO1ZkCLxK3IBVUoOHbn71+TNOISaCCaN11nQS8jCjgVLBJuZdqlhA6IgPWNVSSiGkvm54xwSdG6eMwVuZJwFP190RGIq3HUWA68z31vJeL/3ndFMIrL+MySYFJOvsoTAWGGOeZ4D5XjIIYG0Ko4mZXTIdEEQomubIJwZ0/eZG0zquuU3VvLyq16yKOEjpEx+gUuegS1VAdNVATUfSAntALerUerWfrzXqftS5ZxcwB+gPr4xuznJic</latexit>X , H, h⇤

<latexit sha1_base64="gRmMU4qZmwQRoYkvN21V6YHMKrw=">AAACBnicbVDLSsNAFL3xWesr6lKEwSKISElE0GXRTZcV7APaWCbTSTt0MgkzE6GErtz4K25cKOLWb3Dn3zhpg2jrgYFzz7mXuff4MWdKO86XtbC4tLyyWlgrrm9sbm3bO7sNFSWS0DqJeCRbPlaUM0HrmmlOW7GkOPQ5bfrD68xv3lOpWCRu9SimXoj7ggWMYG2krn3QCbEeEMzT1vgU/RRVUwzuTrp2ySk7E6B54uakBDlqXfuz04tIElKhCcdKtV0n1l6KpWaE03GxkygaYzLEfdo2VOCQKi+dnDFGR0bpoSCS5gmNJurviRSHSo1C33Rme6pZLxP/89qJDi69lIk40VSQ6UdBwpGOUJYJ6jFJieYjQzCRzOyKyABLTLRJrmhCcGdPnieNs7LrlN2b81LlKo+jAPtwCMfgwgVUoAo1qAOBB3iCF3i1Hq1n6816n7YuWPnMHvyB9fENQe+YUQ==</latexit><latexit sha1_base64="gRmMU4qZmwQRoYkvN21V6YHMKrw=">AAACBnicbVDLSsNAFL3xWesr6lKEwSKISElE0GXRTZcV7APaWCbTSTt0MgkzE6GErtz4K25cKOLWb3Dn3zhpg2jrgYFzz7mXuff4MWdKO86XtbC4tLyyWlgrrm9sbm3bO7sNFSWS0DqJeCRbPlaUM0HrmmlOW7GkOPQ5bfrD68xv3lOpWCRu9SimXoj7ggWMYG2krn3QCbEeEMzT1vgU/RRVUwzuTrp2ySk7E6B54uakBDlqXfuz04tIElKhCcdKtV0n1l6KpWaE03GxkygaYzLEfdo2VOCQKi+dnDFGR0bpoSCS5gmNJurviRSHSo1C33Rme6pZLxP/89qJDi69lIk40VSQ6UdBwpGOUJYJ6jFJieYjQzCRzOyKyABLTLRJrmhCcGdPnieNs7LrlN2b81LlKo+jAPtwCMfgwgVUoAo1qAOBB3iCF3i1Hq1n6816n7YuWPnMHvyB9fENQe+YUQ==</latexit><latexit sha1_base64="gRmMU4qZmwQRoYkvN21V6YHMKrw=">AAACBnicbVDLSsNAFL3xWesr6lKEwSKISElE0GXRTZcV7APaWCbTSTt0MgkzE6GErtz4K25cKOLWb3Dn3zhpg2jrgYFzz7mXuff4MWdKO86XtbC4tLyyWlgrrm9sbm3bO7sNFSWS0DqJeCRbPlaUM0HrmmlOW7GkOPQ5bfrD68xv3lOpWCRu9SimXoj7ggWMYG2krn3QCbEeEMzT1vgU/RRVUwzuTrp2ySk7E6B54uakBDlqXfuz04tIElKhCcdKtV0n1l6KpWaE03GxkygaYzLEfdo2VOCQKi+dnDFGR0bpoSCS5gmNJurviRSHSo1C33Rme6pZLxP/89qJDi69lIk40VSQ6UdBwpGOUJYJ6jFJieYjQzCRzOyKyABLTLRJrmhCcGdPnieNs7LrlN2b81LlKo+jAPtwCMfgwgVUoAo1qAOBB3iCF3i1Hq1n6816n7YuWPnMHvyB9fENQe+YUQ==</latexit><latexit sha1_base64="gRmMU4qZmwQRoYkvN21V6YHMKrw=">AAACBnicbVDLSsNAFL3xWesr6lKEwSKISElE0GXRTZcV7APaWCbTSTt0MgkzE6GErtz4K25cKOLWb3Dn3zhpg2jrgYFzz7mXuff4MWdKO86XtbC4tLyyWlgrrm9sbm3bO7sNFSWS0DqJeCRbPlaUM0HrmmlOW7GkOPQ5bfrD68xv3lOpWCRu9SimXoj7ggWMYG2krn3QCbEeEMzT1vgU/RRVUwzuTrp2ySk7E6B54uakBDlqXfuz04tIElKhCcdKtV0n1l6KpWaE03GxkygaYzLEfdo2VOCQKi+dnDFGR0bpoSCS5gmNJurviRSHSo1C33Rme6pZLxP/89qJDi69lIk40VSQ6UdBwpGOUJYJ6jFJieYjQzCRzOyKyABLTLRJrmhCcGdPnieNs7LrlN2b81LlKo+jAPtwCMfgwgVUoAo1qAOBB3iCF3i1Hq1n6816n7YuWPnMHvyB9fENQe+YUQ==</latexit>

teacher selects     , and provides  xt, h
⇤(xt)

<latexit sha1_base64="dWqg4oKPse5FLkmCyKCu5KE5MRs=">AAAB9HicbZDLSgNBEEVrfMb4irp00xiEKBJmRNBl0I3LCOYByRh6Oj1Jk56H3TXBMOQ73LhQxK0f486/sZPMQhMvNBxuVVHV14ul0Gjb39bS8srq2npuI7+5tb2zW9jbr+soUYzXWCQj1fSo5lKEvIYCJW/GitPAk7zhDW4m9caQKy2i8B5HMXcD2guFLxhFY7lPHTwj/YfTkoGTTqFol+2pyCI4GRQhU7VT+Gp3I5YEPEQmqdYtx47RTalCwSQf59uJ5jFlA9rjLYMhDbh20+nRY3JsnC7xI2VeiGTq/p5IaaD1KPBMZ0Cxr+drE/O/WitB/8pNRRgnyEM2W+QnkmBEJgmQrlCcoRwZoEwJcythfaooQ5NT3oTgzH95EernZccuO3cXxcp1FkcODuEISuDAJVTgFqpQAwaP8Ayv8GYNrRfr3fqYtS5Z2cwB/JH1+QNK8pEf</latexit><latexit sha1_base64="dWqg4oKPse5FLkmCyKCu5KE5MRs=">AAAB9HicbZDLSgNBEEVrfMb4irp00xiEKBJmRNBl0I3LCOYByRh6Oj1Jk56H3TXBMOQ73LhQxK0f486/sZPMQhMvNBxuVVHV14ul0Gjb39bS8srq2npuI7+5tb2zW9jbr+soUYzXWCQj1fSo5lKEvIYCJW/GitPAk7zhDW4m9caQKy2i8B5HMXcD2guFLxhFY7lPHTwj/YfTkoGTTqFol+2pyCI4GRQhU7VT+Gp3I5YEPEQmqdYtx47RTalCwSQf59uJ5jFlA9rjLYMhDbh20+nRY3JsnC7xI2VeiGTq/p5IaaD1KPBMZ0Cxr+drE/O/WitB/8pNRRgnyEM2W+QnkmBEJgmQrlCcoRwZoEwJcythfaooQ5NT3oTgzH95EernZccuO3cXxcp1FkcODuEISuDAJVTgFqpQAwaP8Ayv8GYNrRfr3fqYtS5Z2cwB/JH1+QNK8pEf</latexit><latexit sha1_base64="dWqg4oKPse5FLkmCyKCu5KE5MRs=">AAAB9HicbZDLSgNBEEVrfMb4irp00xiEKBJmRNBl0I3LCOYByRh6Oj1Jk56H3TXBMOQ73LhQxK0f486/sZPMQhMvNBxuVVHV14ul0Gjb39bS8srq2npuI7+5tb2zW9jbr+soUYzXWCQj1fSo5lKEvIYCJW/GitPAk7zhDW4m9caQKy2i8B5HMXcD2guFLxhFY7lPHTwj/YfTkoGTTqFol+2pyCI4GRQhU7VT+Gp3I5YEPEQmqdYtx47RTalCwSQf59uJ5jFlA9rjLYMhDbh20+nRY3JsnC7xI2VeiGTq/p5IaaD1KPBMZ0Cxr+drE/O/WitB/8pNRRgnyEM2W+QnkmBEJgmQrlCcoRwZoEwJcythfaooQ5NT3oTgzH95EernZccuO3cXxcp1FkcODuEISuDAJVTgFqpQAwaP8Ayv8GYNrRfr3fqYtS5Z2cwB/JH1+QNK8pEf</latexit><latexit sha1_base64="dWqg4oKPse5FLkmCyKCu5KE5MRs=">AAAB9HicbZDLSgNBEEVrfMb4irp00xiEKBJmRNBl0I3LCOYByRh6Oj1Jk56H3TXBMOQ73LhQxK0f486/sZPMQhMvNBxuVVHV14ul0Gjb39bS8srq2npuI7+5tb2zW9jbr+soUYzXWCQj1fSo5lKEvIYCJW/GitPAk7zhDW4m9caQKy2i8B5HMXcD2guFLxhFY7lPHTwj/YfTkoGTTqFol+2pyCI4GRQhU7VT+Gp3I5YEPEQmqdYtx47RTalCwSQf59uJ5jFlA9rjLYMhDbh20+nRY3JsnC7xI2VeiGTq/p5IaaD1KPBMZ0Cxr+drE/O/WitB/8pNRRgnyEM2W+QnkmBEJgmQrlCcoRwZoEwJcythfaooQ5NT3oTgzH95EernZccuO3cXxcp1FkcODuEISuDAJVTgFqpQAwaP8Ayv8GYNrRfr3fqYtS5Z2cwB/JH1+QNK8pEf</latexit>

ht
<latexit sha1_base64="MyjL8KJZcyk/u3ijeLcAQFoh7OY=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpYdTHvlv1at4cZJX4BalCgUbf/eoNEpbFXCGT1Jiu76UY5FSjYJJPK73M8JSyMR3yrqWKxtwE+fzUKTmzyoBEibalkMzV3xM5jY2ZxKHtjCmOzLI3E//zuhlG10EuVJohV2yxKMokwYTM/iYDoTlDObGEMi3srYSNqKYMbToVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOdF+fd+Vi0lpxi5hj+wPn8AVjcjdM=</latexit><latexit sha1_base64="MyjL8KJZcyk/u3ijeLcAQFoh7OY=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpYdTHvlv1at4cZJX4BalCgUbf/eoNEpbFXCGT1Jiu76UY5FSjYJJPK73M8JSyMR3yrqWKxtwE+fzUKTmzyoBEibalkMzV3xM5jY2ZxKHtjCmOzLI3E//zuhlG10EuVJohV2yxKMokwYTM/iYDoTlDObGEMi3srYSNqKYMbToVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOdF+fd+Vi0lpxi5hj+wPn8AVjcjdM=</latexit><latexit sha1_base64="MyjL8KJZcyk/u3ijeLcAQFoh7OY=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpYdTHvlv1at4cZJX4BalCgUbf/eoNEpbFXCGT1Jiu76UY5FSjYJJPK73M8JSyMR3yrqWKxtwE+fzUKTmzyoBEibalkMzV3xM5jY2ZxKHtjCmOzLI3E//zuhlG10EuVJohV2yxKMokwYTM/iYDoTlDObGEMi3srYSNqKYMbToVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOdF+fd+Vi0lpxi5hj+wPn8AVjcjdM=</latexit><latexit sha1_base64="MyjL8KJZcyk/u3ijeLcAQFoh7OY=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpYdTHvlv1at4cZJX4BalCgUbf/eoNEpbFXCGT1Jiu76UY5FSjYJJPK73M8JSyMR3yrqWKxtwE+fzUKTmzyoBEibalkMzV3xM5jY2ZxKHtjCmOzLI3E//zuhlG10EuVJohV2yxKMokwYTM/iYDoTlDObGEMi3srYSNqKYMbToVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOdF+fd+Vi0lpxi5hj+wPn8AVjcjdM=</latexit>

learner updates 

teacher receives      as feedbackht
<latexit sha1_base64="MyjL8KJZcyk/u3ijeLcAQFoh7OY=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpYdTHvlv1at4cZJX4BalCgUbf/eoNEpbFXCGT1Jiu76UY5FSjYJJPK73M8JSyMR3yrqWKxtwE+fzUKTmzyoBEibalkMzV3xM5jY2ZxKHtjCmOzLI3E//zuhlG10EuVJohV2yxKMokwYTM/iYDoTlDObGEMi3srYSNqKYMbToVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOdF+fd+Vi0lpxi5hj+wPn8AVjcjdM=</latexit><latexit sha1_base64="MyjL8KJZcyk/u3ijeLcAQFoh7OY=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpYdTHvlv1at4cZJX4BalCgUbf/eoNEpbFXCGT1Jiu76UY5FSjYJJPK73M8JSyMR3yrqWKxtwE+fzUKTmzyoBEibalkMzV3xM5jY2ZxKHtjCmOzLI3E//zuhlG10EuVJohV2yxKMokwYTM/iYDoTlDObGEMi3srYSNqKYMbToVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOdF+fd+Vi0lpxi5hj+wPn8AVjcjdM=</latexit><latexit sha1_base64="MyjL8KJZcyk/u3ijeLcAQFoh7OY=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpYdTHvlv1at4cZJX4BalCgUbf/eoNEpbFXCGT1Jiu76UY5FSjYJJPK73M8JSyMR3yrqWKxtwE+fzUKTmzyoBEibalkMzV3xM5jY2ZxKHtjCmOzLI3E//zuhlG10EuVJohV2yxKMokwYTM/iYDoTlDObGEMi3srYSNqKYMbToVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOdF+fd+Vi0lpxi5hj+wPn8AVjcjdM=</latexit><latexit sha1_base64="MyjL8KJZcyk/u3ijeLcAQFoh7OY=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpYdTHvlv1at4cZJX4BalCgUbf/eoNEpbFXCGT1Jiu76UY5FSjYJJPK73M8JSyMR3yrqWKxtwE+fzUKTmzyoBEibalkMzV3xM5jY2ZxKHtjCmOzLI3E//zuhlG10EuVJohV2yxKMokwYTM/iYDoTlDObGEMi3srYSNqKYMbToVG4K//PIqaV3UfK/m319W6zdFHGU4gVM4Bx+uoA530IAmMBjCM7zCmyOdF+fd+Vi0lpxi5hj+wPn8AVjcjdM=</latexit>

xt
<latexit sha1_base64="NHiqf4cvCuRDOUL/QX8cKwAbK3c=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Qe0oWy2m3bpZhN2J2IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GNzO//ci1EbF6wEnC/YgOlQgFo2il+6c+9ssVt+rOQVaJl5MK5Gj0y1+9QczSiCtkkhrT9dwE/YxqFEzyaamXGp5QNqZD3rVU0YgbP5ufOiVnVhmQMNa2FJK5+nsio5ExkyiwnRHFkVn2ZuJ/XjfF8MrPhEpS5IotFoWpJBiT2d9kIDRnKCeWUKaFvZWwEdWUoU2nZEPwll9eJa2LqudWvbvLSv06j6MIJ3AK5+BBDepwCw1oAoMhPMMrvDnSeXHenY9Fa8HJZ47hD5zPH3E8jeM=</latexit><latexit sha1_base64="NHiqf4cvCuRDOUL/QX8cKwAbK3c=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Qe0oWy2m3bpZhN2J2IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GNzO//ci1EbF6wEnC/YgOlQgFo2il+6c+9ssVt+rOQVaJl5MK5Gj0y1+9QczSiCtkkhrT9dwE/YxqFEzyaamXGp5QNqZD3rVU0YgbP5ufOiVnVhmQMNa2FJK5+nsio5ExkyiwnRHFkVn2ZuJ/XjfF8MrPhEpS5IotFoWpJBiT2d9kIDRnKCeWUKaFvZWwEdWUoU2nZEPwll9eJa2LqudWvbvLSv06j6MIJ3AK5+BBDepwCw1oAoMhPMMrvDnSeXHenY9Fa8HJZ47hD5zPH3E8jeM=</latexit><latexit sha1_base64="NHiqf4cvCuRDOUL/QX8cKwAbK3c=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Qe0oWy2m3bpZhN2J2IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GNzO//ci1EbF6wEnC/YgOlQgFo2il+6c+9ssVt+rOQVaJl5MK5Gj0y1+9QczSiCtkkhrT9dwE/YxqFEzyaamXGp5QNqZD3rVU0YgbP5ufOiVnVhmQMNa2FJK5+nsio5ExkyiwnRHFkVn2ZuJ/XjfF8MrPhEpS5IotFoWpJBiT2d9kIDRnKCeWUKaFvZWwEdWUoU2nZEPwll9eJa2LqudWvbvLSv06j6MIJ3AK5+BBDepwCw1oAoMhPMMrvDnSeXHenY9Fa8HJZ47hD5zPH3E8jeM=</latexit><latexit sha1_base64="NHiqf4cvCuRDOUL/QX8cKwAbK3c=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Qe0oWy2m3bpZhN2J2IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GNzO//ci1EbF6wEnC/YgOlQgFo2il+6c+9ssVt+rOQVaJl5MK5Gj0y1+9QczSiCtkkhrT9dwE/YxqFEzyaamXGp5QNqZD3rVU0YgbP5ufOiVnVhmQMNa2FJK5+nsio5ExkyiwnRHFkVn2ZuJ/XjfF8MrPhEpS5IotFoWpJBiT2d9kIDRnKCeWUKaFvZWwEdWUoU2nZEPwll9eJa2LqudWvbvLSv06j6MIJ3AK5+BBDepwCw1oAoMhPMMrvDnSeXHenY9Fa8HJZ47hD5zPH3E8jeM=</latexit>

Canonical Example

Discrete points on a line

X = {1, 2, . . . , n}
<latexit sha1_base64="ESiyHtVy5JUkmrq9xAi8nQA+328=">AAACBXicbVDLSsNAFJ3UV62vqEtdDBbBRSlJEXQjFN24rGAf0IQymU7boZNJmLkRSujGjb/ixoUibv0Hd/6NkzYLbT0wcDjnHubeE8SCa3Ccb6uwsrq2vlHcLG1t7+zu2fsHLR0lirImjUSkOgHRTHDJmsBBsE6sGAkDwdrB+Cbz2w9MaR7Je5jEzA/JUPIBpwSM1LOPvZDAiBKRdqZXXupWahWvH4GuYOlNe3bZqToz4GXi5qSMcjR69pcJ0yRkEqggWnddJwY/JQo4FWxa8hLNYkLHZMi6hkoSMu2nsyum+NQofTyIlHkS8Ez9nUhJqPUkDMxktrNe9DLxP6+bwODST7mME2CSzj8aJAJDhLNKcJ8rRkFMDCFUcbMrpiOiCAVTXMmU4C6evExatarrVN2783L9Oq+jiI7QCTpDLrpAdXSLGqiJKHpEz+gVvVlP1ov1bn3MRwtWnjlEf2B9/gBCiJfB</latexit><latexit sha1_base64="ESiyHtVy5JUkmrq9xAi8nQA+328=">AAACBXicbVDLSsNAFJ3UV62vqEtdDBbBRSlJEXQjFN24rGAf0IQymU7boZNJmLkRSujGjb/ixoUibv0Hd/6NkzYLbT0wcDjnHubeE8SCa3Ccb6uwsrq2vlHcLG1t7+zu2fsHLR0lirImjUSkOgHRTHDJmsBBsE6sGAkDwdrB+Cbz2w9MaR7Je5jEzA/JUPIBpwSM1LOPvZDAiBKRdqZXXupWahWvH4GuYOlNe3bZqToz4GXi5qSMcjR69pcJ0yRkEqggWnddJwY/JQo4FWxa8hLNYkLHZMi6hkoSMu2nsyum+NQofTyIlHkS8Ez9nUhJqPUkDMxktrNe9DLxP6+bwODST7mME2CSzj8aJAJDhLNKcJ8rRkFMDCFUcbMrpiOiCAVTXMmU4C6evExatarrVN2783L9Oq+jiI7QCTpDLrpAdXSLGqiJKHpEz+gVvVlP1ov1bn3MRwtWnjlEf2B9/gBCiJfB</latexit><latexit sha1_base64="ESiyHtVy5JUkmrq9xAi8nQA+328=">AAACBXicbVDLSsNAFJ3UV62vqEtdDBbBRSlJEXQjFN24rGAf0IQymU7boZNJmLkRSujGjb/ixoUibv0Hd/6NkzYLbT0wcDjnHubeE8SCa3Ccb6uwsrq2vlHcLG1t7+zu2fsHLR0lirImjUSkOgHRTHDJmsBBsE6sGAkDwdrB+Cbz2w9MaR7Je5jEzA/JUPIBpwSM1LOPvZDAiBKRdqZXXupWahWvH4GuYOlNe3bZqToz4GXi5qSMcjR69pcJ0yRkEqggWnddJwY/JQo4FWxa8hLNYkLHZMi6hkoSMu2nsyum+NQofTyIlHkS8Ez9nUhJqPUkDMxktrNe9DLxP6+bwODST7mME2CSzj8aJAJDhLNKcJ8rRkFMDCFUcbMrpiOiCAVTXMmU4C6evExatarrVN2783L9Oq+jiI7QCTpDLrpAdXSLGqiJKHpEz+gVvVlP1ov1bn3MRwtWnjlEf2B9/gBCiJfB</latexit><latexit sha1_base64="ESiyHtVy5JUkmrq9xAi8nQA+328=">AAACBXicbVDLSsNAFJ3UV62vqEtdDBbBRSlJEXQjFN24rGAf0IQymU7boZNJmLkRSujGjb/ixoUibv0Hd/6NkzYLbT0wcDjnHubeE8SCa3Ccb6uwsrq2vlHcLG1t7+zu2fsHLR0lirImjUSkOgHRTHDJmsBBsE6sGAkDwdrB+Cbz2w9MaR7Je5jEzA/JUPIBpwSM1LOPvZDAiBKRdqZXXupWahWvH4GuYOlNe3bZqToz4GXi5qSMcjR69pcJ0yRkEqggWnddJwY/JQo4FWxa8hLNYkLHZMi6hkoSMu2nsyum+NQofTyIlHkS8Ez9nUhJqPUkDMxktrNe9DLxP6+bwODST7mME2CSzj8aJAJDhLNKcJ8rRkFMDCFUcbMrpiOiCAVTXMmU4C6evExatarrVN2783L9Oq+jiI7QCTpDLrpAdXSLGqiJKHpEz+gVvVlP1ov1bn3MRwtWnjlEf2B9/gBCiJfB</latexit>

1
<latexit sha1_base64="l9eImvYcFOKpzEDji/n9jPDeWb8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip6Q3KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8Aep2MtQ==</latexit><latexit sha1_base64="l9eImvYcFOKpzEDji/n9jPDeWb8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip6Q3KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8Aep2MtQ==</latexit><latexit sha1_base64="l9eImvYcFOKpzEDji/n9jPDeWb8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip6Q3KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8Aep2MtQ==</latexit><latexit sha1_base64="l9eImvYcFOKpzEDji/n9jPDeWb8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip6Q3KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8Aep2MtQ==</latexit> 2

<latexit sha1_base64="bGronyvkxiOrftIdMcDlRYPusyM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipWRuUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSrlU9t+o1ryr12zyOIpzBOVyCB9dQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AfCGMtg==</latexit><latexit sha1_base64="bGronyvkxiOrftIdMcDlRYPusyM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipWRuUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSrlU9t+o1ryr12zyOIpzBOVyCB9dQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AfCGMtg==</latexit><latexit sha1_base64="bGronyvkxiOrftIdMcDlRYPusyM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipWRuUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSrlU9t+o1ryr12zyOIpzBOVyCB9dQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AfCGMtg==</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="XjjzUJ21USXiYWOMLaw5qL6yJBY=">AAAB3XicbZBLSwMxFIXv1FetVatbN8EiuCoz3ehScOOyBfuAtpRMeqeNzWSG5I5Qhv4CNy4U8W+589+YPhbaeiDwcU5C7j1hqqQl3//2Cju7e/sHxcPSUfn45LRyVm7bJDMCWyJRiemG3KKSGlskSWE3NcjjUGEnnN4v8s4zGisT/UizFAcxH2sZScHJWc36sFL1a/5SbBuCNVRhrcaw8tUfJSKLUZNQ3Npe4Kc0yLkhKRTOS/3MYsrFlI+x51DzGO0gXw46Z1fOGbEoMe5oYkv394ucx9bO4tDdjDlN7Ga2MP/LehlFt4Nc6jQj1GL1UZQpRglbbM1G0qAgNXPAhZFuViYm3HBBrpuSKyHYXHkb2vVa4NeCpg9FuIBLuIYAbuAOHqABLRCA8AJv8O49ea/ex6qugrfu7Rz+yPv8AWp9i2M=</latexit><latexit sha1_base64="XjjzUJ21USXiYWOMLaw5qL6yJBY=">AAAB3XicbZBLSwMxFIXv1FetVatbN8EiuCoz3ehScOOyBfuAtpRMeqeNzWSG5I5Qhv4CNy4U8W+589+YPhbaeiDwcU5C7j1hqqQl3//2Cju7e/sHxcPSUfn45LRyVm7bJDMCWyJRiemG3KKSGlskSWE3NcjjUGEnnN4v8s4zGisT/UizFAcxH2sZScHJWc36sFL1a/5SbBuCNVRhrcaw8tUfJSKLUZNQ3Npe4Kc0yLkhKRTOS/3MYsrFlI+x51DzGO0gXw46Z1fOGbEoMe5oYkv394ucx9bO4tDdjDlN7Ga2MP/LehlFt4Nc6jQj1GL1UZQpRglbbM1G0qAgNXPAhZFuViYm3HBBrpuSKyHYXHkb2vVa4NeCpg9FuIBLuIYAbuAOHqABLRCA8AJv8O49ea/ex6qugrfu7Rz+yPv8AWp9i2M=</latexit><latexit sha1_base64="Ac3s19ZxksPZfdSQscPy0EQ//8g=">AAAB6HicbVA9TwJBEJ3DL8Qv1NJmIzGxInc0UhJtLCGRjwQuZG+Zg5W9vcvungm58AtsLDTG1p9k579xgSsUfMkkL+/NZGZekAiujet+O4Wt7Z3dveJ+6eDw6PikfHrW0XGqGLZZLGLVC6hGwSW2DTcCe4lCGgUCu8H0buF3n1BpHssHM0vQj+hY8pAzaqzUqg3LFbfqLkE2iZeTCuRoDstfg1HM0gilYYJq3ffcxPgZVYYzgfPSINWYUDalY+xbKmmE2s+Wh87JlVVGJIyVLWnIUv09kdFI61kU2M6Imole9xbif14/NWHdz7hMUoOSrRaFqSAmJouvyYgrZEbMLKFMcXsrYROqKDM2m5INwVt/eZN0alXPrXott9K4zeMowgVcwjV4cAMNuIcmtIEBwjO8wpvz6Lw4787HqrXg5DPn8AfO5w964Yyy</latexit><latexit sha1_base64="bGronyvkxiOrftIdMcDlRYPusyM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipWRuUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSrlU9t+o1ryr12zyOIpzBOVyCB9dQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AfCGMtg==</latexit><latexit sha1_base64="bGronyvkxiOrftIdMcDlRYPusyM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipWRuUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSrlU9t+o1ryr12zyOIpzBOVyCB9dQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AfCGMtg==</latexit><latexit sha1_base64="bGronyvkxiOrftIdMcDlRYPusyM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipWRuUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSrlU9t+o1ryr12zyOIpzBOVyCB9dQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AfCGMtg==</latexit><latexit sha1_base64="bGronyvkxiOrftIdMcDlRYPusyM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipWRuUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSrlU9t+o1ryr12zyOIpzBOVyCB9dQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AfCGMtg==</latexit><latexit sha1_base64="bGronyvkxiOrftIdMcDlRYPusyM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipWRuUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSrlU9t+o1ryr12zyOIpzBOVyCB9dQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AfCGMtg==</latexit><latexit sha1_base64="bGronyvkxiOrftIdMcDlRYPusyM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipWRuUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSrlU9t+o1ryr12zyOIpzBOVyCB9dQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AfCGMtg==</latexit>

. . .
<latexit sha1_base64="eU8Ci1Y/pURL1pAwGegDUXNN6hU=">AAAB7HicbVBNS8NAFHypX7V+VT16WSyCp5KIUI9FLx4rmLbQhrLZbtqlm03YfRFK6G/w4kERr/4gb/4bt20O2jqwMMy8Yd+bMJXCoOt+O6WNza3tnfJuZW//4PCoenzSNkmmGfdZIhPdDanhUijuo0DJu6nmNA4l74STu7nfeeLaiEQ94jTlQUxHSkSCUbSS3x8maAbVmlt3FyDrxCtIDQq0BtUvm2NZzBUySY3peW6KQU41Cib5rNLPDE8pm9AR71mqaMxNkC+WnZELqwxJlGj7FJKF+juR09iYaRzayZji2Kx6c/E/r5dhdBPkQqUZcsWWH0WZJJiQ+eVkKDRnKKeWUKaF3ZWwMdWUoe2nYkvwVk9eJ+2ruufWvYfrWvO2qKMMZ3AOl+BBA5pwDy3wgYGAZ3iFN0c5L86787EcLTlF5hT+wPn8AfFojsI=</latexit><latexit sha1_base64="eU8Ci1Y/pURL1pAwGegDUXNN6hU=">AAAB7HicbVBNS8NAFHypX7V+VT16WSyCp5KIUI9FLx4rmLbQhrLZbtqlm03YfRFK6G/w4kERr/4gb/4bt20O2jqwMMy8Yd+bMJXCoOt+O6WNza3tnfJuZW//4PCoenzSNkmmGfdZIhPdDanhUijuo0DJu6nmNA4l74STu7nfeeLaiEQ94jTlQUxHSkSCUbSS3x8maAbVmlt3FyDrxCtIDQq0BtUvm2NZzBUySY3peW6KQU41Cib5rNLPDE8pm9AR71mqaMxNkC+WnZELqwxJlGj7FJKF+juR09iYaRzayZji2Kx6c/E/r5dhdBPkQqUZcsWWH0WZJJiQ+eVkKDRnKKeWUKaF3ZWwMdWUoe2nYkvwVk9eJ+2ruufWvYfrWvO2qKMMZ3AOl+BBA5pwDy3wgYGAZ3iFN0c5L86787EcLTlF5hT+wPn8AfFojsI=</latexit><latexit sha1_base64="eU8Ci1Y/pURL1pAwGegDUXNN6hU=">AAAB7HicbVBNS8NAFHypX7V+VT16WSyCp5KIUI9FLx4rmLbQhrLZbtqlm03YfRFK6G/w4kERr/4gb/4bt20O2jqwMMy8Yd+bMJXCoOt+O6WNza3tnfJuZW//4PCoenzSNkmmGfdZIhPdDanhUijuo0DJu6nmNA4l74STu7nfeeLaiEQ94jTlQUxHSkSCUbSS3x8maAbVmlt3FyDrxCtIDQq0BtUvm2NZzBUySY3peW6KQU41Cib5rNLPDE8pm9AR71mqaMxNkC+WnZELqwxJlGj7FJKF+juR09iYaRzayZji2Kx6c/E/r5dhdBPkQqUZcsWWH0WZJJiQ+eVkKDRnKKeWUKaF3ZWwMdWUoe2nYkvwVk9eJ+2ruufWvYfrWvO2qKMMZ3AOl+BBA5pwDy3wgYGAZ3iFN0c5L86787EcLTlF5hT+wPn8AfFojsI=</latexit><latexit sha1_base64="eU8Ci1Y/pURL1pAwGegDUXNN6hU=">AAAB7HicbVBNS8NAFHypX7V+VT16WSyCp5KIUI9FLx4rmLbQhrLZbtqlm03YfRFK6G/w4kERr/4gb/4bt20O2jqwMMy8Yd+bMJXCoOt+O6WNza3tnfJuZW//4PCoenzSNkmmGfdZIhPdDanhUijuo0DJu6nmNA4l74STu7nfeeLaiEQ94jTlQUxHSkSCUbSS3x8maAbVmlt3FyDrxCtIDQq0BtUvm2NZzBUySY3peW6KQU41Cib5rNLPDE8pm9AR71mqaMxNkC+WnZELqwxJlGj7FJKF+juR09iYaRzayZji2Kx6c/E/r5dhdBPkQqUZcsWWH0WZJJiQ+eVkKDRnKKeWUKaF3ZWwMdWUoe2nYkvwVk9eJ+2ruufWvYfrWvO2qKMMZ3AOl+BBA5pwDy3wgYGAZ3iFN0c5L86787EcLTlF5hT+wPn8AfFojsI=</latexit> ✓h⇤

<latexit sha1_base64="A7vPH9LHSkmJGDRNXvxJL39wmVE=">AAAB83icbVBNS8NAEN34WetX1aOXxSKIh5KIoMeiF48V7Ac0sWy2k3bpZhN2J0IJ/RtePCji1T/jzX/jts1BWx8MPN6bYWZemEph0HW/nZXVtfWNzdJWeXtnd2+/cnDYMkmmOTR5IhPdCZkBKRQ0UaCETqqBxaGEdji6nfrtJ9BGJOoBxykEMRsoEQnO0Eq+j0NA1suHj+eTXqXq1twZ6DLxClIlBRq9ypffT3gWg0IumTFdz00xyJlGwSVMyn5mIGV8xAbQtVSxGEyQz26e0FOr9GmUaFsK6Uz9PZGz2JhxHNrOmOHQLHpT8T+vm2F0HeRCpRmC4vNFUSYpJnQaAO0LDRzl2BLGtbC3Uj5kmnG0MZVtCN7iy8ukdVHz3Jp3f1mt3xRxlMgxOSFnxCNXpE7uSIM0CScpeSav5M3JnBfn3fmYt644xcwR+QPn8wcKIZGr</latexit><latexit sha1_base64="A7vPH9LHSkmJGDRNXvxJL39wmVE=">AAAB83icbVBNS8NAEN34WetX1aOXxSKIh5KIoMeiF48V7Ac0sWy2k3bpZhN2J0IJ/RtePCji1T/jzX/jts1BWx8MPN6bYWZemEph0HW/nZXVtfWNzdJWeXtnd2+/cnDYMkmmOTR5IhPdCZkBKRQ0UaCETqqBxaGEdji6nfrtJ9BGJOoBxykEMRsoEQnO0Eq+j0NA1suHj+eTXqXq1twZ6DLxClIlBRq9ypffT3gWg0IumTFdz00xyJlGwSVMyn5mIGV8xAbQtVSxGEyQz26e0FOr9GmUaFsK6Uz9PZGz2JhxHNrOmOHQLHpT8T+vm2F0HeRCpRmC4vNFUSYpJnQaAO0LDRzl2BLGtbC3Uj5kmnG0MZVtCN7iy8ukdVHz3Jp3f1mt3xRxlMgxOSFnxCNXpE7uSIM0CScpeSav5M3JnBfn3fmYt644xcwR+QPn8wcKIZGr</latexit><latexit sha1_base64="A7vPH9LHSkmJGDRNXvxJL39wmVE=">AAAB83icbVBNS8NAEN34WetX1aOXxSKIh5KIoMeiF48V7Ac0sWy2k3bpZhN2J0IJ/RtePCji1T/jzX/jts1BWx8MPN6bYWZemEph0HW/nZXVtfWNzdJWeXtnd2+/cnDYMkmmOTR5IhPdCZkBKRQ0UaCETqqBxaGEdji6nfrtJ9BGJOoBxykEMRsoEQnO0Eq+j0NA1suHj+eTXqXq1twZ6DLxClIlBRq9ypffT3gWg0IumTFdz00xyJlGwSVMyn5mIGV8xAbQtVSxGEyQz26e0FOr9GmUaFsK6Uz9PZGz2JhxHNrOmOHQLHpT8T+vm2F0HeRCpRmC4vNFUSYpJnQaAO0LDRzl2BLGtbC3Uj5kmnG0MZVtCN7iy8ukdVHz3Jp3f1mt3xRxlMgxOSFnxCNXpE7uSIM0CScpeSav5M3JnBfn3fmYt644xcwR+QPn8wcKIZGr</latexit><latexit sha1_base64="A7vPH9LHSkmJGDRNXvxJL39wmVE=">AAAB83icbVBNS8NAEN34WetX1aOXxSKIh5KIoMeiF48V7Ac0sWy2k3bpZhN2J0IJ/RtePCji1T/jzX/jts1BWx8MPN6bYWZemEph0HW/nZXVtfWNzdJWeXtnd2+/cnDYMkmmOTR5IhPdCZkBKRQ0UaCETqqBxaGEdji6nfrtJ9BGJOoBxykEMRsoEQnO0Eq+j0NA1suHj+eTXqXq1twZ6DLxClIlBRq9ypffT3gWg0IumTFdz00xyJlGwSVMyn5mIGV8xAbQtVSxGEyQz26e0FOr9GmUaFsK6Uz9PZGz2JhxHNrOmOHQLHpT8T+vm2F0HeRCpRmC4vNFUSYpJnQaAO0LDRzl2BLGtbC3Uj5kmnG0MZVtCN7iy8ukdVHz3Jp3f1mt3xRxlMgxOSFnxCNXpE7uSIM0CScpeSav5M3JnBfn3fmYt644xcwR+QPn8wcKIZGr</latexit>

n
<latexit sha1_base64="IqW2N36QktBwntGQavLhE1DLrrE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipKQflilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDGz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6qeW/Wa15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84nz/XEYzy</latexit><latexit sha1_base64="IqW2N36QktBwntGQavLhE1DLrrE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipKQflilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDGz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6qeW/Wa15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84nz/XEYzy</latexit><latexit sha1_base64="IqW2N36QktBwntGQavLhE1DLrrE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipKQflilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDGz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6qeW/Wa15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84nz/XEYzy</latexit><latexit sha1_base64="IqW2N36QktBwntGQavLhE1DLrrE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipKQflilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDGz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6qeW/Wa15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84nz/XEYzy</latexit>

h⇤(x) = 1
<latexit sha1_base64="bJO/yx8i5AStgfi/Tem5b15rC+s=">AAAB73icbVBNSwMxEJ2tX7V+VT16CRaheii7IuhFKHrxWMF+QLuWbJptQ5PsmmTFsvRPePGgiFf/jjf/jWm7B219MPB4b4aZeUHMmTau++3klpZXVtfy64WNza3tneLuXkNHiSK0TiIeqVaANeVM0rphhtNWrCgWAafNYHg98ZuPVGkWyTsziqkvcF+ykBFsrNQa3J+Un44vvW6x5FbcKdAi8TJSggy1bvGr04tIIqg0hGOt254bGz/FyjDC6bjQSTSNMRniPm1bKrGg2k+n947RkVV6KIyULWnQVP09kWKh9UgEtlNgM9Dz3kT8z2snJrzwUybjxFBJZovChCMTocnzqMcUJYaPLMFEMXsrIgOsMDE2ooINwZt/eZE0TiueW/Fuz0rVqyyOPBzAIZTBg3Oowg3UoA4EODzDK7w5D86L8+58zFpzTjazD3/gfP4AfoyO8Q==</latexit><latexit sha1_base64="bJO/yx8i5AStgfi/Tem5b15rC+s=">AAAB73icbVBNSwMxEJ2tX7V+VT16CRaheii7IuhFKHrxWMF+QLuWbJptQ5PsmmTFsvRPePGgiFf/jjf/jWm7B219MPB4b4aZeUHMmTau++3klpZXVtfy64WNza3tneLuXkNHiSK0TiIeqVaANeVM0rphhtNWrCgWAafNYHg98ZuPVGkWyTsziqkvcF+ykBFsrNQa3J+Un44vvW6x5FbcKdAi8TJSggy1bvGr04tIIqg0hGOt254bGz/FyjDC6bjQSTSNMRniPm1bKrGg2k+n947RkVV6KIyULWnQVP09kWKh9UgEtlNgM9Dz3kT8z2snJrzwUybjxFBJZovChCMTocnzqMcUJYaPLMFEMXsrIgOsMDE2ooINwZt/eZE0TiueW/Fuz0rVqyyOPBzAIZTBg3Oowg3UoA4EODzDK7w5D86L8+58zFpzTjazD3/gfP4AfoyO8Q==</latexit><latexit sha1_base64="bJO/yx8i5AStgfi/Tem5b15rC+s=">AAAB73icbVBNSwMxEJ2tX7V+VT16CRaheii7IuhFKHrxWMF+QLuWbJptQ5PsmmTFsvRPePGgiFf/jjf/jWm7B219MPB4b4aZeUHMmTau++3klpZXVtfy64WNza3tneLuXkNHiSK0TiIeqVaANeVM0rphhtNWrCgWAafNYHg98ZuPVGkWyTsziqkvcF+ykBFsrNQa3J+Un44vvW6x5FbcKdAi8TJSggy1bvGr04tIIqg0hGOt254bGz/FyjDC6bjQSTSNMRniPm1bKrGg2k+n947RkVV6KIyULWnQVP09kWKh9UgEtlNgM9Dz3kT8z2snJrzwUybjxFBJZovChCMTocnzqMcUJYaPLMFEMXsrIgOsMDE2ooINwZt/eZE0TiueW/Fuz0rVqyyOPBzAIZTBg3Oowg3UoA4EODzDK7w5D86L8+58zFpzTjazD3/gfP4AfoyO8Q==</latexit><latexit sha1_base64="bJO/yx8i5AStgfi/Tem5b15rC+s=">AAAB73icbVBNSwMxEJ2tX7V+VT16CRaheii7IuhFKHrxWMF+QLuWbJptQ5PsmmTFsvRPePGgiFf/jjf/jWm7B219MPB4b4aZeUHMmTau++3klpZXVtfy64WNza3tneLuXkNHiSK0TiIeqVaANeVM0rphhtNWrCgWAafNYHg98ZuPVGkWyTsziqkvcF+ykBFsrNQa3J+Un44vvW6x5FbcKdAi8TJSggy1bvGr04tIIqg0hGOt254bGz/FyjDC6bjQSTSNMRniPm1bKrGg2k+n947RkVV6KIyULWnQVP09kWKh9UgEtlNgM9Dz3kT8z2snJrzwUybjxFBJZovChCMTocnzqMcUJYaPLMFEMXsrIgOsMDE2ooINwZt/eZE0TiueW/Fuz0rVqyyOPBzAIZTBg3Oowg3UoA4EODzDK7w5D86L8+58zFpzTjazD3/gfP4AfoyO8Q==</latexit>

h⇤(x) = 0
<latexit sha1_base64="b8wIbc/+tukWGvdoBJNhlSOi15I=">AAAB73icbVBNSwMxEJ2tX7V+VT16CRaheii7IuhFKHrxWMF+QLuWbJptQ5PsmmTFsvRPePGgiFf/jjf/jWm7B219MPB4b4aZeUHMmTau++3klpZXVtfy64WNza3tneLuXkNHiSK0TiIeqVaANeVM0rphhtNWrCgWAafNYHg98ZuPVGkWyTsziqkvcF+ykBFsrNQa3J+Un44v3W6x5FbcKdAi8TJSggy1bvGr04tIIqg0hGOt254bGz/FyjDC6bjQSTSNMRniPm1bKrGg2k+n947RkVV6KIyULWnQVP09kWKh9UgEtlNgM9Dz3kT8z2snJrzwUybjxFBJZovChCMTocnzqMcUJYaPLMFEMXsrIgOsMDE2ooINwZt/eZE0TiueW/Fuz0rVqyyOPBzAIZTBg3Oowg3UoA4EODzDK7w5D86L8+58zFpzTjazD3/gfP4AfQiO8A==</latexit><latexit sha1_base64="b8wIbc/+tukWGvdoBJNhlSOi15I=">AAAB73icbVBNSwMxEJ2tX7V+VT16CRaheii7IuhFKHrxWMF+QLuWbJptQ5PsmmTFsvRPePGgiFf/jjf/jWm7B219MPB4b4aZeUHMmTau++3klpZXVtfy64WNza3tneLuXkNHiSK0TiIeqVaANeVM0rphhtNWrCgWAafNYHg98ZuPVGkWyTsziqkvcF+ykBFsrNQa3J+Un44v3W6x5FbcKdAi8TJSggy1bvGr04tIIqg0hGOt254bGz/FyjDC6bjQSTSNMRniPm1bKrGg2k+n947RkVV6KIyULWnQVP09kWKh9UgEtlNgM9Dz3kT8z2snJrzwUybjxFBJZovChCMTocnzqMcUJYaPLMFEMXsrIgOsMDE2ooINwZt/eZE0TiueW/Fuz0rVqyyOPBzAIZTBg3Oowg3UoA4EODzDK7w5D86L8+58zFpzTjazD3/gfP4AfQiO8A==</latexit><latexit sha1_base64="b8wIbc/+tukWGvdoBJNhlSOi15I=">AAAB73icbVBNSwMxEJ2tX7V+VT16CRaheii7IuhFKHrxWMF+QLuWbJptQ5PsmmTFsvRPePGgiFf/jjf/jWm7B219MPB4b4aZeUHMmTau++3klpZXVtfy64WNza3tneLuXkNHiSK0TiIeqVaANeVM0rphhtNWrCgWAafNYHg98ZuPVGkWyTsziqkvcF+ykBFsrNQa3J+Un44v3W6x5FbcKdAi8TJSggy1bvGr04tIIqg0hGOt254bGz/FyjDC6bjQSTSNMRniPm1bKrGg2k+n947RkVV6KIyULWnQVP09kWKh9UgEtlNgM9Dz3kT8z2snJrzwUybjxFBJZovChCMTocnzqMcUJYaPLMFEMXsrIgOsMDE2ooINwZt/eZE0TiueW/Fuz0rVqyyOPBzAIZTBg3Oowg3UoA4EODzDK7w5D86L8+58zFpzTjazD3/gfP4AfQiO8A==</latexit><latexit sha1_base64="b8wIbc/+tukWGvdoBJNhlSOi15I=">AAAB73icbVBNSwMxEJ2tX7V+VT16CRaheii7IuhFKHrxWMF+QLuWbJptQ5PsmmTFsvRPePGgiFf/jjf/jWm7B219MPB4b4aZeUHMmTau++3klpZXVtfy64WNza3tneLuXkNHiSK0TiIeqVaANeVM0rphhtNWrCgWAafNYHg98ZuPVGkWyTsziqkvcF+ykBFsrNQa3J+Un44v3W6x5FbcKdAi8TJSggy1bvGr04tIIqg0hGOt254bGz/FyjDC6bjQSTSNMRniPm1bKrGg2k+n947RkVV6KIyULWnQVP09kWKh9UgEtlNgM9Dz3kT8z2snJrzwUybjxFBJZovChCMTocnzqMcUJYaPLMFEMXsrIgOsMDE2ooINwZt/eZE0TiueW/Fuz0rVqyyOPBzAIZTBg3Oowg3UoA4EODzDK7w5D86L8+58zFpzTjazD3/gfP4AfQiO8A==</latexit>
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Complexity of passive learning: Opnq; active learning: Oplogpnqq; teaching: 2.

Interaction Protocol

1: learner’s initial version space is H0 “ H and learner starts from h0 P H
2: for t “ 1, 2, 3, . . . do
3: teacher provides zt “ pxt, h

‹pxtqq
4: learner updates Ht “ Ht´1 XHptztuq; picks ht P Ht

5: teacher receives ht as feedback from the learner
6: if ht “ h‹ then teaching process terminates

h⇤
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Complexity Measures

Notions Description
TD classical worst-case teaching complexity
RTD notion of TD when teaching a collaborative learner
NCTD strongest notion of TD that respects collusion-freeness

Local-PBTD teaching complexity of a weak sequential model

Research Questions

• Is there a framework unifying different notions of TD’s?

• Can we identify models with teaching complexity linear in
the Vapnik–Chervonenkis dimension VCD?

Our Contributions

A novel framework capturing the teaching process via preference functions Σ, where each function
σ P Σ induces a teacher-learner pair. Our main results are as follows:

• We show that existing batch models correspond to spe-
cific families of σ functions in our framework.

• We identify sequential models with teaching complexity
linear in the VCD of the hypothesis class.

• We provide a constructive procedure to find σ functions
with low teaching complexity.

Σconst

Σglobal
ΣgvsΣlocal

Σlvs

Table 1: Main Resuls

Families Σconst Σglobal Σgvs Σlocal Σlvs

Reduction TD RTD NCTD Local-PBTD –

Complexity Results – OpVCD2
q OpVCD2

q OpVCD2
q OpVCDq

[GK95] [Zil+11] [KSZ19] [Che+18] –

Learner’s Preference Function

A preference function σ : Hˆ 2H ˆHÑ R models how a learner navigates in the version space as it
receives teaching examples (line 4 of Interaction Protocol):

ht P arg min
h1PHt

σph1;Ht, ht´1q.

Teaching Complexity Σ-TD

Teaching Dimension for a Preference Function

Fix X , H, and learner’s initial hypothesis h0. Let DX ,H,h0pσ, h
‹q be the worst-case optimal cost for

steering the learner from h0 to h‹ for some preference function σ. Then, the teaching dimension w.r.t.
σ is defined as the worst-case optimal cost for teaching any target h‹:

TDX ,H,h0pσq “ max
h‹

DX ,H,h0pσ, h
‹
q.

Teaching Dimension for a Family of Preference Functions

We define the teaching dimension for a family Σ as the teaching dimension w.r.t. the best σ P Σ:

Σ-TDX ,H,h0 “ min
σPΣ

TDX ,H,h0pσq.

Collusion-free Preference Functions

Definition 1 (Collusion-free teaching [GM96] (batch setting)) A learner outputting
hypothesis h will not change its output if given additional information consistent with h.

Definition 2 (Collusion-free preference (this paper)) If h is the only hypothesis in the
most preferred set defined by σ, then the learner will stay at h if additional information received
by the learner is consistent with h.

We study preference functions that are collusion-free as per Definition 2:

ΣCF “ tσ | σ is collusion-freeu.

Preference-based Teaching Models

• Batch models:

- Σconst “ tσ P ΣCF | Dc P R, s.t. @h1, H, h, σph1;H, hq “ cu

- Σglobal “ tσ P ΣCF | D g : HÑ R, s.t. @h1, H, h, σph1;H, hq “ gph1qu

- Σgvs “ tσ P ΣCF | D g : H ˆ 2H Ñ R, s.t. @h1, H, h, σph1;H, hq “ gph1, Hqu

• Sequential models:

- Σlocal “ tσ P ΣCF | D g : H ˆHÑ R, s.t. @h1, H, h, σph1;H, hq “ gph1, hqu

- Σlvs “ tσ P ΣCF | D g : H ˆ 2H ˆHÑ R, s.t. @h1, H, h, σph1;H, hq “ gph1, H, hqu

• Teaching sequences with different preference functions for the Warmuth hypothesis class:

HHHHHh
x

x1 x2 x3 x4 x5 Sconst “ Sglobal Sgvs Slocal Slvs

h1 1 1 0 0 0 px1, x2, x4q px1, x2q px1q px1q
h2 0 1 1 0 0 px2, x3, x5q px2, x3q px3q px2q
h3 0 0 1 1 0 px1, x3, x4q px3, x4q px3, x4q px3q
h4 0 0 0 1 1 px2, x4, x5q px4, x5q px5, x4q px4q
h5 1 0 0 0 1 px1, x3, x5q px1, x5q px5q px5q
h6 1 1 0 1 0 px1, x2, x4q px2, x4q px4q px3q
h7 0 1 1 0 1 px2, x3, x5q px3, x5q px3, x5q px4q
h8 1 0 1 1 0 px1, x3, x4q px1, x4q px4, x3q px5q
h9 0 1 0 1 1 px2, x4, x5q px2, x5q px4, x5q px1q
h10 1 0 1 0 1 px1, x3, x5q px1, x3q px5, x3q px2q

(a) The Warmuth hypothesis class and the corresponding teaching sequences (denoted by S).

h1 @h1 P H
�constph1; ¨, ¨q 0
�globalph1; ¨, ¨q

(b) �const and �global

hzh1 h1 h2 h3 h4 h5 h6 h7 h8 h9 h10

�localph1; ¨, h “ h1q 0 2 4 4 2 1 3 3 3 3
. . .

(c) �local representing the Hamming distance between h1 and h.

h1 h1 h2 . . .

H
th1, h6u th2, h7u . . .

th1u th2u . . .
�gvs 0 0 . . .

(d) �gvsph1; H, ¨q

h1 h1 h2 . . .

H
th1uY th2uY . . .

th5, h6, h8, h10u˚ th1, h7, h6, h9u˚ . . .
h h1 h1 h2 . . .
�lvs 0 0 0 . . .

(e) �lvsph1; H, hq. Here, t¨u˚ denotes all subsets.

Table 2: Teaching sequences with different preference functions for the Warmuth hypothesis class
[DFSZ14].4 Full preference functions are given in Appendix B.

The second family, denoted by ⌃lvs, corresponds to the preference functions that depend on all three
arguments of �ph1; H, hq. The dependence of � on the learner’s current (local) hypothesis and the
version space renders a powerful family of preference functions:

⌃lvs “ t� P ⌃CF | D g : H ˆ 2H ˆ H Ñ R, s.t. @h1, H, h, �ph1; H, hq “ gph1, H, hqu

Figure 1 illustrates the relationship between these preference families. As an example, in Table 2c
and Table 2e, we provide the preference functions �local and �lvs for the Warmuth hypothesis class
that achieve the minima in Eq. (3.2).

5.2 Comparing ⌃gvs-TD and ⌃local-TD

In the following, we show that substantial differences arise as we transition from � functions inducing
the strongest batch (i.e., non-clashing) model to � functions inducing a weak sequential (i.e., local
preference-based) model. We provide the full proof of Theorem 2 in Appendix C.

Theorem 2 Neither of the families ⌃gvs and ⌃local dominates the other. Specifically,

1. ⌃gvs X ⌃local “ ⌃global

2. There exist H, X , where @h0 P H,⌃local-TDX ,H,h0
° ⌃gvs-TDX ,H,h0

3. There exist H, X , where @h0 P H,⌃local-TDX ,H,h0 † ⌃gvs-TDX ,H,h0

5.3 Complexity Results

We now connect the teaching complexity of the sequential models with the VC dimension.

Theorem 3 ⌃local-TDX ,H,h0
“ OpVCDpH, X q2q, and ⌃lvs-TDX ,H,h0

“ OpVCDpH, X qq.

To establish the proof, we first introduce an important definition (Definition 6) and a key lemma
(Lemma 4).

4The Warmuth hypothesis class is the smallest concept class for which RTD exceeds VCD.
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Main Results

• Reduction to existing notions of TD’s (see Table 1).

• Proving Σlvs-TDX ,H,h0 “ O
`

VCDpH,X q
˘

via a constructive procedure.

Key Ideas for Constructing σ P Σlvs with TDX ,H,h0
pσq “ OpVCDq

• Introducing a new notion of compact distinguishable set.

• Partitioning the hypothesis class into subsets of hypothesis classes with lower VCD using the compact distinguishable set.

• Recursively applying the partitioning procedure to create the preference function σ.

Discussions

• Designing σ functions for addressing the open question of whether RTD is linear in VCD.

• Designing teaching algorithms for sequential models.
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