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i~ d

dt
 S = HS S

<latexit sha1_base64="xWgb2FEVWByiMJpAMx2/sunNxOc=">AAACKHicbVC7TsMwFHV4lvIKMLJYVEiwVAlCggWpgqVjEfQhNVXlOE5r1XEi+wapivoN/Ac7K/wCG+rKxGfgtBmg5Uq2js+511fn+IngGhxnaq2srq1vbJa2yts7u3v79sFhS8epoqxJYxGrjk80E1yyJnAQrJMoRiJfsLY/usv19hNTmsfyEcYJ60VkIHnIKQFD9e1zjr2hTxT2QkVoFkyyAMMEe4nm/Qd8g+vmnj/6dsWpOrPCy8AtQAUV1ejb314Q0zRiEqggWnddJ4FeRhRwKtik7KWaJYSOyIB1DZQkYrqXzSxN8KlhAhzGyhwJeMb+nshIpPU48k1nRGCoF7Wc/FeTnLLc6sJ+CK97GZdJCkzS+fowFRhinKeGA64YBTE2gFDFjQNMh8R8AybbsonGXQxiGbQuqq7B95eV2m0RUgkdoxN0hlx0hWqojhqoiSh6Rq/oDb1bL9aH9WlN560rVjFzhP6U9fUDGy+lzA==</latexit><latexit sha1_base64="xWgb2FEVWByiMJpAMx2/sunNxOc=">AAACKHicbVC7TsMwFHV4lvIKMLJYVEiwVAlCggWpgqVjEfQhNVXlOE5r1XEi+wapivoN/Ac7K/wCG+rKxGfgtBmg5Uq2js+511fn+IngGhxnaq2srq1vbJa2yts7u3v79sFhS8epoqxJYxGrjk80E1yyJnAQrJMoRiJfsLY/usv19hNTmsfyEcYJ60VkIHnIKQFD9e1zjr2hTxT2QkVoFkyyAMMEe4nm/Qd8g+vmnj/6dsWpOrPCy8AtQAUV1ejb314Q0zRiEqggWnddJ4FeRhRwKtik7KWaJYSOyIB1DZQkYrqXzSxN8KlhAhzGyhwJeMb+nshIpPU48k1nRGCoF7Wc/FeTnLLc6sJ+CK97GZdJCkzS+fowFRhinKeGA64YBTE2gFDFjQNMh8R8AybbsonGXQxiGbQuqq7B95eV2m0RUgkdoxN0hlx0hWqojhqoiSh6Rq/oDb1bL9aH9WlN560rVjFzhP6U9fUDGy+lzA==</latexit><latexit sha1_base64="xWgb2FEVWByiMJpAMx2/sunNxOc=">AAACKHicbVC7TsMwFHV4lvIKMLJYVEiwVAlCggWpgqVjEfQhNVXlOE5r1XEi+wapivoN/Ac7K/wCG+rKxGfgtBmg5Uq2js+511fn+IngGhxnaq2srq1vbJa2yts7u3v79sFhS8epoqxJYxGrjk80E1yyJnAQrJMoRiJfsLY/usv19hNTmsfyEcYJ60VkIHnIKQFD9e1zjr2hTxT2QkVoFkyyAMMEe4nm/Qd8g+vmnj/6dsWpOrPCy8AtQAUV1ejb314Q0zRiEqggWnddJ4FeRhRwKtik7KWaJYSOyIB1DZQkYrqXzSxN8KlhAhzGyhwJeMb+nshIpPU48k1nRGCoF7Wc/FeTnLLc6sJ+CK97GZdJCkzS+fowFRhinKeGA64YBTE2gFDFjQNMh8R8AybbsonGXQxiGbQuqq7B95eV2m0RUgkdoxN0hlx0hWqojhqoiSh6Rq/oDb1bL9aH9WlN560rVjFzhP6U9fUDGy+lzA==</latexit><latexit sha1_base64="xWgb2FEVWByiMJpAMx2/sunNxOc=">AAACKHicbVC7TsMwFHV4lvIKMLJYVEiwVAlCggWpgqVjEfQhNVXlOE5r1XEi+wapivoN/Ac7K/wCG+rKxGfgtBmg5Uq2js+511fn+IngGhxnaq2srq1vbJa2yts7u3v79sFhS8epoqxJYxGrjk80E1yyJnAQrJMoRiJfsLY/usv19hNTmsfyEcYJ60VkIHnIKQFD9e1zjr2hTxT2QkVoFkyyAMMEe4nm/Qd8g+vmnj/6dsWpOrPCy8AtQAUV1ejb314Q0zRiEqggWnddJ4FeRhRwKtik7KWaJYSOyIB1DZQkYrqXzSxN8KlhAhzGyhwJeMb+nshIpPU48k1nRGCoF7Wc/FeTnLLc6sJ+CK97GZdJCkzS+fowFRhinKeGA64YBTE2gFDFjQNMh8R8AybbsonGXQxiGbQuqq7B95eV2m0RUgkdoxN0hlx0hWqojhqoiSh6Rq/oDb1bL9aH9WlN560rVjFzhP6U9fUDGy+lzA==</latexit>

Computer as “subject” 
that uses quantum 

theory

Computer as “object” 
that is studied by 
quantum theory.

i~ d

dt
 CS = HCS CS

<latexit sha1_base64="Td5KfRddxlS4y2D2dLy8D7J7NcI=">AAACNHicbZDLSsNAFIYn9VbrLerSzWARXJVEFN0IxW66rGgv0IQwmUzaoZNJmJkIJeRJfA/3bvUJBHciuPIZnLQBtfrDwMd/zpnD+f2EUaks68WoLC2vrK5V12sbm1vbO+buXk/GqcCki2MWi4GPJGGUk66iipFBIgiKfEb6/qRV1Pt3REga81s1TYgboRGnIcVIacszzyh0xj4S0AkFwlmQZwFUOXQ6knpZC97k8BK2S/o2PbNuNayZ4F+wS6iDUh3P/HCCGKcR4QozJOXQthLlZkgoihnJa04qSYLwBI3IUCNHEZFuNjsvh0faCWAYC/24gjP350SGIimnka87I6TGcrFWmP/WOMWkOHthvwov3IzyJFWE4/n6MGVQxbBIEAZUEKzYVAPCguoLIB4j/Y3SOdd0NPZiEH+hd9KwNV+f1ptXZUhVcAAOwTGwwTlogjbogC7A4B48gifwbDwYr8ab8T5vrRjlzD74JePzC7ilqhU=</latexit><latexit sha1_base64="Td5KfRddxlS4y2D2dLy8D7J7NcI=">AAACNHicbZDLSsNAFIYn9VbrLerSzWARXJVEFN0IxW66rGgv0IQwmUzaoZNJmJkIJeRJfA/3bvUJBHciuPIZnLQBtfrDwMd/zpnD+f2EUaks68WoLC2vrK5V12sbm1vbO+buXk/GqcCki2MWi4GPJGGUk66iipFBIgiKfEb6/qRV1Pt3REga81s1TYgboRGnIcVIacszzyh0xj4S0AkFwlmQZwFUOXQ6knpZC97k8BK2S/o2PbNuNayZ4F+wS6iDUh3P/HCCGKcR4QozJOXQthLlZkgoihnJa04qSYLwBI3IUCNHEZFuNjsvh0faCWAYC/24gjP350SGIimnka87I6TGcrFWmP/WOMWkOHthvwov3IzyJFWE4/n6MGVQxbBIEAZUEKzYVAPCguoLIB4j/Y3SOdd0NPZiEH+hd9KwNV+f1ptXZUhVcAAOwTGwwTlogjbogC7A4B48gifwbDwYr8ab8T5vrRjlzD74JePzC7ilqhU=</latexit><latexit sha1_base64="Td5KfRddxlS4y2D2dLy8D7J7NcI=">AAACNHicbZDLSsNAFIYn9VbrLerSzWARXJVEFN0IxW66rGgv0IQwmUzaoZNJmJkIJeRJfA/3bvUJBHciuPIZnLQBtfrDwMd/zpnD+f2EUaks68WoLC2vrK5V12sbm1vbO+buXk/GqcCki2MWi4GPJGGUk66iipFBIgiKfEb6/qRV1Pt3REga81s1TYgboRGnIcVIacszzyh0xj4S0AkFwlmQZwFUOXQ6knpZC97k8BK2S/o2PbNuNayZ4F+wS6iDUh3P/HCCGKcR4QozJOXQthLlZkgoihnJa04qSYLwBI3IUCNHEZFuNjsvh0faCWAYC/24gjP350SGIimnka87I6TGcrFWmP/WOMWkOHthvwov3IzyJFWE4/n6MGVQxbBIEAZUEKzYVAPCguoLIB4j/Y3SOdd0NPZiEH+hd9KwNV+f1ptXZUhVcAAOwTGwwTlogjbogC7A4B48gifwbDwYr8ab8T5vrRjlzD74JePzC7ilqhU=</latexit><latexit sha1_base64="Td5KfRddxlS4y2D2dLy8D7J7NcI=">AAACNHicbZDLSsNAFIYn9VbrLerSzWARXJVEFN0IxW66rGgv0IQwmUzaoZNJmJkIJeRJfA/3bvUJBHciuPIZnLQBtfrDwMd/zpnD+f2EUaks68WoLC2vrK5V12sbm1vbO+buXk/GqcCki2MWi4GPJGGUk66iipFBIgiKfEb6/qRV1Pt3REga81s1TYgboRGnIcVIacszzyh0xj4S0AkFwlmQZwFUOXQ6knpZC97k8BK2S/o2PbNuNayZ4F+wS6iDUh3P/HCCGKcR4QozJOXQthLlZkgoihnJa04qSYLwBI3IUCNHEZFuNjsvh0faCWAYC/24gjP350SGIimnka87I6TGcrFWmP/WOMWkOHthvwov3IzyJFWE4/n6MGVQxbBIEAZUEKzYVAPCguoLIB4j/Y3SOdd0NPZiEH+hd9KwNV+f1ptXZUhVcAAOwTGwwTlogjbogC7A4B48gifwbDwYr8ab8T5vrRjlzD74JePzC7ilqhU=</latexit>
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>>>
<latexit sha1_base64="PFv5LVybHuj8PRWIfNCxyWc3qiE=">AAACCnicbVC7SgNBFL3rM8ZX1NJmMAhWsmujhcSAjWUE84BkCbOTWTNkdnaduSuEJX9gb6u/YCdWgj/hH9j7A84mKTTxwMDhnPuaEyRSGHTdT2dhcWl5ZbWwVlzf2NzaLu3sNkycasbrLJaxbgXUcCkUr6NAyVuJ5jQKJG8Gg8vcb95zbUSsbnCYcD+it0qEglG0kt+JKPYRs0qlMip2S2X32B2DzBNvSsoX3+9YBYBat/TV6cUsjbhCJqkxbc9N0M+oRsEkHxU7qeEJZQN6y9uWKhpx42fjo0fk0Co9EsbaPoVkrP7uyGhkzDAKbGV+pJn1cvFfTwnGQ03ZzH4Mz/xMqCRFrthkfZhKgjHJcyE9oTlDObSEMi3sDwjrUzsGbXp5NN5sEPOkcXLsWX7tlavnMEEB9uEAjsCDU6jCFdSgDgzu4BGe4Nl5cF6cV+dtUrrgTHv24A+cjx/e6p16</latexit><latexit sha1_base64="8ne4peVr3ZzZ7HM7eiVyBpzo12M=">AAACCnicbVC7TsMwFHXKq5RXgZHFokJiqhIWGCBUYmEsEn1IbVQ5rtNadZxg3yBVUf+AGVb4BTbEhAQfwR+w8wM4bQdoOZKlo3Puy8ePBddg259WbmFxaXklv1pYW9/Y3Cpu79R1lCjKajQSkWr6RDPBJasBB8GasWIk9AVr+IOLzG/cMqV5JK9hGDMvJD3JA04JGMlrhwT6AKnruqNCp1iyy/YYeJ44U1I6/34D9/7so9opfrW7EU1CJoEKonXLsWPwUqKAU8FGhXaiWUzogPRYy1BJQqa9dHz0CB8YpYuDSJknAY/V3x0pCbUehr6pzI7Us14m/utJTlmgCJ3ZD8GJl3IZJ8AknawPEoEhwlkuuMsVoyCGhhCquPkBpn1ixoBJL4vGmQ1intSPyo7hV06pcoomyKM9tI8OkYOOUQVdoiqqIYpu0AN6RE/WnfVsvVivk9KcNe3ZRX9gvf8AICyfEA==</latexit><latexit sha1_base64="8ne4peVr3ZzZ7HM7eiVyBpzo12M=">AAACCnicbVC7TsMwFHXKq5RXgZHFokJiqhIWGCBUYmEsEn1IbVQ5rtNadZxg3yBVUf+AGVb4BTbEhAQfwR+w8wM4bQdoOZKlo3Puy8ePBddg259WbmFxaXklv1pYW9/Y3Cpu79R1lCjKajQSkWr6RDPBJasBB8GasWIk9AVr+IOLzG/cMqV5JK9hGDMvJD3JA04JGMlrhwT6AKnruqNCp1iyy/YYeJ44U1I6/34D9/7so9opfrW7EU1CJoEKonXLsWPwUqKAU8FGhXaiWUzogPRYy1BJQqa9dHz0CB8YpYuDSJknAY/V3x0pCbUehr6pzI7Us14m/utJTlmgCJ3ZD8GJl3IZJ8AknawPEoEhwlkuuMsVoyCGhhCquPkBpn1ixoBJL4vGmQ1intSPyo7hV06pcoomyKM9tI8OkYOOUQVdoiqqIYpu0AN6RE/WnfVsvVivk9KcNe3ZRX9gvf8AICyfEA==</latexit><latexit sha1_base64="DVNWje6DYiKJ5242S1B9K0f5y5s=">AAACCnicbVC7SgNBFJ2NrxhfUUubwSBYhV0bLSQEbCwjmAckS5id3E2GzM6uM3eFsOQP7G31F+zE1p/wD/wMZ5MUmnhg4HDOfc0JEikMuu6XU1hb39jcKm6Xdnb39g/Kh0ctE6eaQ5PHMtadgBmQQkETBUroJBpYFEhoB+Ob3G8/gjYiVvc4ScCP2FCJUHCGVvJ7EcMRYlar1aalfrniVt0Z6CrxFqRCFmj0y9+9QczTCBRyyYzpem6CfsY0Ci5hWuqlBhLGx2wIXUsVi8D42ezoKT2zyoCGsbZPIZ2pvzsyFhkziQJbmR9plr1c/NdTgkOoGV/aj+GVnwmVpAiKz9eHqaQY0zwXOhAaOMqJJYxrYX9A+YjZMWjTy6PxloNYJa2Lqmf5nVepXy9CKpITckrOiUcuSZ3ckgZpEk4eyDN5Ia/Ok/PmvDsf89KCs+g5Jn/gfP4ADjCa0w==</latexit>

>>>
<latexit sha1_base64="PFv5LVybHuj8PRWIfNCxyWc3qiE=">AAACCnicbVC7SgNBFL3rM8ZX1NJmMAhWsmujhcSAjWUE84BkCbOTWTNkdnaduSuEJX9gb6u/YCdWgj/hH9j7A84mKTTxwMDhnPuaEyRSGHTdT2dhcWl5ZbWwVlzf2NzaLu3sNkycasbrLJaxbgXUcCkUr6NAyVuJ5jQKJG8Gg8vcb95zbUSsbnCYcD+it0qEglG0kt+JKPYRs0qlMip2S2X32B2DzBNvSsoX3+9YBYBat/TV6cUsjbhCJqkxbc9N0M+oRsEkHxU7qeEJZQN6y9uWKhpx42fjo0fk0Co9EsbaPoVkrP7uyGhkzDAKbGV+pJn1cvFfTwnGQ03ZzH4Mz/xMqCRFrthkfZhKgjHJcyE9oTlDObSEMi3sDwjrUzsGbXp5NN5sEPOkcXLsWX7tlavnMEEB9uEAjsCDU6jCFdSgDgzu4BGe4Nl5cF6cV+dtUrrgTHv24A+cjx/e6p16</latexit><latexit sha1_base64="8ne4peVr3ZzZ7HM7eiVyBpzo12M=">AAACCnicbVC7TsMwFHXKq5RXgZHFokJiqhIWGCBUYmEsEn1IbVQ5rtNadZxg3yBVUf+AGVb4BTbEhAQfwR+w8wM4bQdoOZKlo3Puy8ePBddg259WbmFxaXklv1pYW9/Y3Cpu79R1lCjKajQSkWr6RDPBJasBB8GasWIk9AVr+IOLzG/cMqV5JK9hGDMvJD3JA04JGMlrhwT6AKnruqNCp1iyy/YYeJ44U1I6/34D9/7so9opfrW7EU1CJoEKonXLsWPwUqKAU8FGhXaiWUzogPRYy1BJQqa9dHz0CB8YpYuDSJknAY/V3x0pCbUehr6pzI7Us14m/utJTlmgCJ3ZD8GJl3IZJ8AknawPEoEhwlkuuMsVoyCGhhCquPkBpn1ixoBJL4vGmQ1intSPyo7hV06pcoomyKM9tI8OkYOOUQVdoiqqIYpu0AN6RE/WnfVsvVivk9KcNe3ZRX9gvf8AICyfEA==</latexit><latexit sha1_base64="8ne4peVr3ZzZ7HM7eiVyBpzo12M=">AAACCnicbVC7TsMwFHXKq5RXgZHFokJiqhIWGCBUYmEsEn1IbVQ5rtNadZxg3yBVUf+AGVb4BTbEhAQfwR+w8wM4bQdoOZKlo3Puy8ePBddg259WbmFxaXklv1pYW9/Y3Cpu79R1lCjKajQSkWr6RDPBJasBB8GasWIk9AVr+IOLzG/cMqV5JK9hGDMvJD3JA04JGMlrhwT6AKnruqNCp1iyy/YYeJ44U1I6/34D9/7so9opfrW7EU1CJoEKonXLsWPwUqKAU8FGhXaiWUzogPRYy1BJQqa9dHz0CB8YpYuDSJknAY/V3x0pCbUehr6pzI7Us14m/utJTlmgCJ3ZD8GJl3IZJ8AknawPEoEhwlkuuMsVoyCGhhCquPkBpn1ixoBJL4vGmQ1intSPyo7hV06pcoomyKM9tI8OkYOOUQVdoiqqIYpu0AN6RE/WnfVsvVivk9KcNe3ZRX9gvf8AICyfEA==</latexit><latexit sha1_base64="DVNWje6DYiKJ5242S1B9K0f5y5s=">AAACCnicbVC7SgNBFJ2NrxhfUUubwSBYhV0bLSQEbCwjmAckS5id3E2GzM6uM3eFsOQP7G31F+zE1p/wD/wMZ5MUmnhg4HDOfc0JEikMuu6XU1hb39jcKm6Xdnb39g/Kh0ctE6eaQ5PHMtadgBmQQkETBUroJBpYFEhoB+Ob3G8/gjYiVvc4ScCP2FCJUHCGVvJ7EcMRYlar1aalfrniVt0Z6CrxFqRCFmj0y9+9QczTCBRyyYzpem6CfsY0Ci5hWuqlBhLGx2wIXUsVi8D42ezoKT2zyoCGsbZPIZ2pvzsyFhkziQJbmR9plr1c/NdTgkOoGV/aj+GVnwmVpAiKz9eHqaQY0zwXOhAaOMqJJYxrYX9A+YjZMWjTy6PxloNYJa2Lqmf5nVepXy9CKpITckrOiUcuSZ3ckgZpEk4eyDN5Ia/Ok/PmvDsf89KCs+g5Jn/gfP4ADjCa0w==</latexit>
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<latexit sha1_base64="eU+2TQuoVwkztlhKgmz6bXb3Tc4=">AAACBHicbZC7TsMwFIZPyq2UW4EFiSWiQmKqEhYYK1hgokj0IjVRcdyT1KrjRLaDVEVd2VnhFdgQK+/Bxshj4F4GaDmSpU//f46P/QcpZ0o7zqdVWFpeWV0rrpc2Nre2d8q7e02VZJJigyY8ke2AKORMYEMzzbGdSiRxwLEVDC7HfusBpWKJuNPDFP2YRIKFjBJtpJZ3waLIG3XLFafqTMpeBHcGldrN/cEXANS75W+vl9AsRqEpJ0p1XCfVfk6kZpTjqORlClNCByTCjkFBYlR+PnnuyD42Ss8OE2mO0PZE/T2Rk1ipYRyYzpjovpr3xuK/nmAUQ0no3H4dnvs5E2mmUdDp+jDjtk7scSJ2j0mkmg8NECqZ+YFN+8Rco01uJRONOx/EIjRPq67hW7dSu4ZpFeEQjuAEXDiDGlxBHRpAYQBP8Awv1qP1ar1Z79PWgjWb2Yc/ZX38AKmKmo8=</latexit><latexit sha1_base64="i+pQTMKsxPrXjOVC1rguB3cZuqI=">AAACBHicbZC7SgNBFIbPeo3xFhVEsFkMglXYtdEyaKOVEcwFskucnZxNhszOLjOzQljS2tvqK9iJbd7DxtoH8AGcXApNPDDw8f/nzJn5g4QzpR3nw1pYXFpeWc2t5dc3Nre2Czu7NRWnkmKVxjyWjYAo5ExgVTPNsZFIJFHAsR70Lkd+/QGlYrG40/0E/Yh0BAsZJdpIde+CdTreoFUoOiVnXPY8uFMolm/uDz6/94eVVuHLa8c0jVBoyolSTddJtJ8RqRnlOMh7qcKE0B7pYNOgIBEqPxs/d2AfG6Vth7E0R2h7rP6eyEikVD8KTGdEdFfNeiPxX08wiqEkdGa/Ds/9jIkk1SjoZH2YclvH9igRu80kUs37BgiVzPzApl1irtEmt7yJxp0NYh5qpyXX8K1bLF/DpHJwCEdwAi6cQRmuoAJVoNCDJ3iGF+vRerXerPdJ64I1ndmDP2UNfwAvcZxV</latexit><latexit sha1_base64="i+pQTMKsxPrXjOVC1rguB3cZuqI=">AAACBHicbZC7SgNBFIbPeo3xFhVEsFkMglXYtdEyaKOVEcwFskucnZxNhszOLjOzQljS2tvqK9iJbd7DxtoH8AGcXApNPDDw8f/nzJn5g4QzpR3nw1pYXFpeWc2t5dc3Nre2Czu7NRWnkmKVxjyWjYAo5ExgVTPNsZFIJFHAsR70Lkd+/QGlYrG40/0E/Yh0BAsZJdpIde+CdTreoFUoOiVnXPY8uFMolm/uDz6/94eVVuHLa8c0jVBoyolSTddJtJ8RqRnlOMh7qcKE0B7pYNOgIBEqPxs/d2AfG6Vth7E0R2h7rP6eyEikVD8KTGdEdFfNeiPxX08wiqEkdGa/Ds/9jIkk1SjoZH2YclvH9igRu80kUs37BgiVzPzApl1irtEmt7yJxp0NYh5qpyXX8K1bLF/DpHJwCEdwAi6cQRmuoAJVoNCDJ3iGF+vRerXerPdJ64I1ndmDP2UNfwAvcZxV</latexit><latexit sha1_base64="LV80wHKtBIGdViUe9p4O2cachZk=">AAACBHicbZC7TsMwFIZPyq2UW4GRxaJCYqoSFhgrWGArEr1ITVQ57klr1XEi20Gqoq7srPAKbIiV9+ANeAzcNgO0HMnSp/8/x8f+w1RwbVz3yymtrW9sbpW3Kzu7e/sH1cOjtk4yxbDFEpGobkg1Ci6xZbgR2E0V0jgU2AnHNzO/84hK80Q+mEmKQUyHkkecUWOljn/Nh0N/2q/W3Lo7L7IKXgE1KKrZr377g4RlMUrDBNW657mpCXKqDGcCpxU/05hSNqZD7FmUNEYd5PPnTsmZVQYkSpQ90pC5+nsip7HWkzi0nTE1I73szcR/PckZRoqypf0mugpyLtPMoGSL9VEmiEnILBEy4AqZERMLlCluf0DYiNprjM2tYqPxloNYhfZF3bN879Uad0VIZTiBUzgHDy6hAbfQhBYwGMMzvMCr8+S8Oe/Ox6K15BQzx/CnnM8f7laYqA==</latexit>

)

<latexit sha1_base64="eU+2TQuoVwkztlhKgmz6bXb3Tc4=">AAACBHicbZC7TsMwFIZPyq2UW4EFiSWiQmKqEhYYK1hgokj0IjVRcdyT1KrjRLaDVEVd2VnhFdgQK+/Bxshj4F4GaDmSpU//f46P/QcpZ0o7zqdVWFpeWV0rrpc2Nre2d8q7e02VZJJigyY8ke2AKORMYEMzzbGdSiRxwLEVDC7HfusBpWKJuNPDFP2YRIKFjBJtpJZ3waLIG3XLFafqTMpeBHcGldrN/cEXANS75W+vl9AsRqEpJ0p1XCfVfk6kZpTjqORlClNCByTCjkFBYlR+PnnuyD42Ss8OE2mO0PZE/T2Rk1ipYRyYzpjovpr3xuK/nmAUQ0no3H4dnvs5E2mmUdDp+jDjtk7scSJ2j0mkmg8NECqZ+YFN+8Rco01uJRONOx/EIjRPq67hW7dSu4ZpFeEQjuAEXDiDGlxBHRpAYQBP8Awv1qP1ar1Z79PWgjWb2Yc/ZX38AKmKmo8=</latexit><latexit sha1_base64="i+pQTMKsxPrXjOVC1rguB3cZuqI=">AAACBHicbZC7SgNBFIbPeo3xFhVEsFkMglXYtdEyaKOVEcwFskucnZxNhszOLjOzQljS2tvqK9iJbd7DxtoH8AGcXApNPDDw8f/nzJn5g4QzpR3nw1pYXFpeWc2t5dc3Nre2Czu7NRWnkmKVxjyWjYAo5ExgVTPNsZFIJFHAsR70Lkd+/QGlYrG40/0E/Yh0BAsZJdpIde+CdTreoFUoOiVnXPY8uFMolm/uDz6/94eVVuHLa8c0jVBoyolSTddJtJ8RqRnlOMh7qcKE0B7pYNOgIBEqPxs/d2AfG6Vth7E0R2h7rP6eyEikVD8KTGdEdFfNeiPxX08wiqEkdGa/Ds/9jIkk1SjoZH2YclvH9igRu80kUs37BgiVzPzApl1irtEmt7yJxp0NYh5qpyXX8K1bLF/DpHJwCEdwAi6cQRmuoAJVoNCDJ3iGF+vRerXerPdJ64I1ndmDP2UNfwAvcZxV</latexit><latexit sha1_base64="i+pQTMKsxPrXjOVC1rguB3cZuqI=">AAACBHicbZC7SgNBFIbPeo3xFhVEsFkMglXYtdEyaKOVEcwFskucnZxNhszOLjOzQljS2tvqK9iJbd7DxtoH8AGcXApNPDDw8f/nzJn5g4QzpR3nw1pYXFpeWc2t5dc3Nre2Czu7NRWnkmKVxjyWjYAo5ExgVTPNsZFIJFHAsR70Lkd+/QGlYrG40/0E/Yh0BAsZJdpIde+CdTreoFUoOiVnXPY8uFMolm/uDz6/94eVVuHLa8c0jVBoyolSTddJtJ8RqRnlOMh7qcKE0B7pYNOgIBEqPxs/d2AfG6Vth7E0R2h7rP6eyEikVD8KTGdEdFfNeiPxX08wiqEkdGa/Ds/9jIkk1SjoZH2YclvH9igRu80kUs37BgiVzPzApl1irtEmt7yJxp0NYh5qpyXX8K1bLF/DpHJwCEdwAi6cQRmuoAJVoNCDJ3iGF+vRerXerPdJ64I1ndmDP2UNfwAvcZxV</latexit><latexit sha1_base64="LV80wHKtBIGdViUe9p4O2cachZk=">AAACBHicbZC7TsMwFIZPyq2UW4GRxaJCYqoSFhgrWGArEr1ITVQ57klr1XEi20Gqoq7srPAKbIiV9+ANeAzcNgO0HMnSp/8/x8f+w1RwbVz3yymtrW9sbpW3Kzu7e/sH1cOjtk4yxbDFEpGobkg1Ci6xZbgR2E0V0jgU2AnHNzO/84hK80Q+mEmKQUyHkkecUWOljn/Nh0N/2q/W3Lo7L7IKXgE1KKrZr377g4RlMUrDBNW657mpCXKqDGcCpxU/05hSNqZD7FmUNEYd5PPnTsmZVQYkSpQ90pC5+nsip7HWkzi0nTE1I73szcR/PckZRoqypf0mugpyLtPMoGSL9VEmiEnILBEy4AqZERMLlCluf0DYiNprjM2tYqPxloNYhfZF3bN879Uad0VIZTiBUzgHDy6hAbfQhBYwGMMzvMCr8+S8Oe/Ox6K15BQzx/CnnM8f7laYqA==</latexit>

r
<latexit sha1_base64="ZWtvH0VdRThh097i16GfL1HTwtI=">AAAB/nicbZDLSgMxFIbP1Futt6pLN8EiuCozItRl0Y3LFuwF2qFk0jNtaCYzJBmhDAX3bvUV3IlbX8U38DFM21lo64HAx/+fk5P8QSK4Nq775RQ2Nre2d4q7pb39g8Oj8vFJW8epYthisYhVN6AaBZfYMtwI7CYKaRQI7ASTu7nfeUSleSwfzDRBP6IjyUPOqLFSUw3KFbfqLoqsg5dDBfJqDMrf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZlDRC7WeLh87IhVWGJIyVPdKQhfp7IqOR1tMosJ0RNWO96s3Ffz3JGYaKspX9JrzxMy6T1KBky/VhKoiJyTwLMuQKmRFTC5Qpbn9A2Jjaa4xNrGSj8VaDWIf2VdWz3Lyu1G/zkIpwBudwCR7UoA730IAWMEB4hhd4dZ6cN+fd+Vi2Fpx85hT+lPP5A3Noliw=</latexit><latexit sha1_base64="ZWtvH0VdRThh097i16GfL1HTwtI=">AAAB/nicbZDLSgMxFIbP1Futt6pLN8EiuCozItRl0Y3LFuwF2qFk0jNtaCYzJBmhDAX3bvUV3IlbX8U38DFM21lo64HAx/+fk5P8QSK4Nq775RQ2Nre2d4q7pb39g8Oj8vFJW8epYthisYhVN6AaBZfYMtwI7CYKaRQI7ASTu7nfeUSleSwfzDRBP6IjyUPOqLFSUw3KFbfqLoqsg5dDBfJqDMrf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZlDRC7WeLh87IhVWGJIyVPdKQhfp7IqOR1tMosJ0RNWO96s3Ffz3JGYaKspX9JrzxMy6T1KBky/VhKoiJyTwLMuQKmRFTC5Qpbn9A2Jjaa4xNrGSj8VaDWIf2VdWz3Lyu1G/zkIpwBudwCR7UoA730IAWMEB4hhd4dZ6cN+fd+Vi2Fpx85hT+lPP5A3Noliw=</latexit><latexit sha1_base64="ZWtvH0VdRThh097i16GfL1HTwtI=">AAAB/nicbZDLSgMxFIbP1Futt6pLN8EiuCozItRl0Y3LFuwF2qFk0jNtaCYzJBmhDAX3bvUV3IlbX8U38DFM21lo64HAx/+fk5P8QSK4Nq775RQ2Nre2d4q7pb39g8Oj8vFJW8epYthisYhVN6AaBZfYMtwI7CYKaRQI7ASTu7nfeUSleSwfzDRBP6IjyUPOqLFSUw3KFbfqLoqsg5dDBfJqDMrf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZlDRC7WeLh87IhVWGJIyVPdKQhfp7IqOR1tMosJ0RNWO96s3Ffz3JGYaKspX9JrzxMy6T1KBky/VhKoiJyTwLMuQKmRFTC5Qpbn9A2Jjaa4xNrGSj8VaDWIf2VdWz3Lyu1G/zkIpwBudwCR7UoA730IAWMEB4hhd4dZ6cN+fd+Vi2Fpx85hT+lPP5A3Noliw=</latexit><latexit sha1_base64="ZWtvH0VdRThh097i16GfL1HTwtI=">AAAB/nicbZDLSgMxFIbP1Futt6pLN8EiuCozItRl0Y3LFuwF2qFk0jNtaCYzJBmhDAX3bvUV3IlbX8U38DFM21lo64HAx/+fk5P8QSK4Nq775RQ2Nre2d4q7pb39g8Oj8vFJW8epYthisYhVN6AaBZfYMtwI7CYKaRQI7ASTu7nfeUSleSwfzDRBP6IjyUPOqLFSUw3KFbfqLoqsg5dDBfJqDMrf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZlDRC7WeLh87IhVWGJIyVPdKQhfp7IqOR1tMosJ0RNWO96s3Ffz3JGYaKspX9JrzxMy6T1KBky/VhKoiJyTwLMuQKmRFTC5Qpbn9A2Jjaa4xNrGSj8VaDWIf2VdWz3Lyu1G/zkIpwBudwCR7UoA730IAWMEB4hhd4dZ6cN+fd+Vi2Fpx85hT+lPP5A3Noliw=</latexit>

if r = tails
<latexit sha1_base64="ZoTEv5kdP//qOFpVTgWaBWkVq3g=">AAACEHicbVDLSgMxFM34rPU11aWbYBFclRkRdKFQcOOygn1AO5RMeqcNTTJDklHK0J9w71Z/wZ249Q/8Az/DTDsLbT0QOJxzXzlhwpk2nvflrKyurW9slrbK2zu7e/tu5aCl41RRaNKYx6oTEg2cSWgaZjh0EgVEhBza4fgm99sPoDSL5b2ZJBAIMpQsYpQYK/XdirrGPUHMSInMEMb1tO9WvZo3A14mfkGqqECj7373BjFNBUhDOdG663uJCTKiDKMcpuVeqiEhdEyG0LVUEgE6yGanT/GJVQY4ipV90uCZ+rsjI0LriQhtZX6lXvRy8V9PMgqRInRhv4kug4zJJDUg6Xx9lHJsYpyngwdMATV8YgmhitkfYDoidoyxGZZtNP5iEMukdVbzLb87r9avipBK6Agdo1PkowtUR7eogZqIokf0jF7Qq/PkvDnvzse8dMUpeg7RHzifP5cxnU4=</latexit><latexit sha1_base64="ZoTEv5kdP//qOFpVTgWaBWkVq3g=">AAACEHicbVDLSgMxFM34rPU11aWbYBFclRkRdKFQcOOygn1AO5RMeqcNTTJDklHK0J9w71Z/wZ249Q/8Az/DTDsLbT0QOJxzXzlhwpk2nvflrKyurW9slrbK2zu7e/tu5aCl41RRaNKYx6oTEg2cSWgaZjh0EgVEhBza4fgm99sPoDSL5b2ZJBAIMpQsYpQYK/XdirrGPUHMSInMEMb1tO9WvZo3A14mfkGqqECj7373BjFNBUhDOdG663uJCTKiDKMcpuVeqiEhdEyG0LVUEgE6yGanT/GJVQY4ipV90uCZ+rsjI0LriQhtZX6lXvRy8V9PMgqRInRhv4kug4zJJDUg6Xx9lHJsYpyngwdMATV8YgmhitkfYDoidoyxGZZtNP5iEMukdVbzLb87r9avipBK6Agdo1PkowtUR7eogZqIokf0jF7Qq/PkvDnvzse8dMUpeg7RHzifP5cxnU4=</latexit><latexit sha1_base64="ZoTEv5kdP//qOFpVTgWaBWkVq3g=">AAACEHicbVDLSgMxFM34rPU11aWbYBFclRkRdKFQcOOygn1AO5RMeqcNTTJDklHK0J9w71Z/wZ249Q/8Az/DTDsLbT0QOJxzXzlhwpk2nvflrKyurW9slrbK2zu7e/tu5aCl41RRaNKYx6oTEg2cSWgaZjh0EgVEhBza4fgm99sPoDSL5b2ZJBAIMpQsYpQYK/XdirrGPUHMSInMEMb1tO9WvZo3A14mfkGqqECj7373BjFNBUhDOdG663uJCTKiDKMcpuVeqiEhdEyG0LVUEgE6yGanT/GJVQY4ipV90uCZ+rsjI0LriQhtZX6lXvRy8V9PMgqRInRhv4kug4zJJDUg6Xx9lHJsYpyngwdMATV8YgmhitkfYDoidoyxGZZtNP5iEMukdVbzLb87r9avipBK6Agdo1PkowtUR7eogZqIokf0jF7Qq/PkvDnvzse8dMUpeg7RHzifP5cxnU4=</latexit><latexit sha1_base64="ZoTEv5kdP//qOFpVTgWaBWkVq3g=">AAACEHicbVDLSgMxFM34rPU11aWbYBFclRkRdKFQcOOygn1AO5RMeqcNTTJDklHK0J9w71Z/wZ249Q/8Az/DTDsLbT0QOJxzXzlhwpk2nvflrKyurW9slrbK2zu7e/tu5aCl41RRaNKYx6oTEg2cSWgaZjh0EgVEhBza4fgm99sPoDSL5b2ZJBAIMpQsYpQYK/XdirrGPUHMSInMEMb1tO9WvZo3A14mfkGqqECj7373BjFNBUhDOdG663uJCTKiDKMcpuVeqiEhdEyG0LVUEgE6yGanT/GJVQY4ipV90uCZ+rsjI0LriQhtZX6lXvRy8V9PMgqRInRhv4kug4zJJDUg6Xx9lHJsYpyngwdMATV8YgmhitkfYDoidoyxGZZtNP5iEMukdVbzLb87r9avipBK6Agdo1PkowtUR7eogZqIokf0jF7Qq/PkvDnvzse8dMUpeg7RHzifP5cxnU4=</latexit>

if r = heads
<latexit sha1_base64="7MjXx2IGU7dNBvj451d73xxLe+0=">AAACEHicbVDLSgMxFM34rPU11aWbYBFclRkRdKFQcOOygn1AO5RMeqcNTTJDklHK0J9w71Z/wZ249Q/8Az/DTDsLbT0QOJxzXzlhwpk2nvflrKyurW9slrbK2zu7e/tu5aCl41RRaNKYx6oTEg2cSWgaZjh0EgVEhBza4fgm99sPoDSL5b2ZJBAIMpQsYpQYK/XdirrGPUHMSIlsBGSgp3236tW8GfAy8QtSRQUaffe7N4hpKkAayonWXd9LTJARZRjlMC33Ug0JoWMyhK6lkgjQQTY7fYpPrDLAUazskwbP1N8dGRFaT0RoK/Mr9aKXi/96klGIFKEL+010GWRMJqkBSefro5RjE+M8HTxgCqjhE0sIVcz+ANMRsWOMzbBso/EXg1gmrbOab/ndebV+VYRUQkfoGJ0iH12gOrpFDdREFD2iZ/SCXp0n5815dz7mpStO0XOI/sD5/AFwbZ02</latexit><latexit sha1_base64="7MjXx2IGU7dNBvj451d73xxLe+0=">AAACEHicbVDLSgMxFM34rPU11aWbYBFclRkRdKFQcOOygn1AO5RMeqcNTTJDklHK0J9w71Z/wZ249Q/8Az/DTDsLbT0QOJxzXzlhwpk2nvflrKyurW9slrbK2zu7e/tu5aCl41RRaNKYx6oTEg2cSWgaZjh0EgVEhBza4fgm99sPoDSL5b2ZJBAIMpQsYpQYK/XdirrGPUHMSIlsBGSgp3236tW8GfAy8QtSRQUaffe7N4hpKkAayonWXd9LTJARZRjlMC33Ug0JoWMyhK6lkgjQQTY7fYpPrDLAUazskwbP1N8dGRFaT0RoK/Mr9aKXi/96klGIFKEL+010GWRMJqkBSefro5RjE+M8HTxgCqjhE0sIVcz+ANMRsWOMzbBso/EXg1gmrbOab/ndebV+VYRUQkfoGJ0iH12gOrpFDdREFD2iZ/SCXp0n5815dz7mpStO0XOI/sD5/AFwbZ02</latexit><latexit sha1_base64="7MjXx2IGU7dNBvj451d73xxLe+0=">AAACEHicbVDLSgMxFM34rPU11aWbYBFclRkRdKFQcOOygn1AO5RMeqcNTTJDklHK0J9w71Z/wZ249Q/8Az/DTDsLbT0QOJxzXzlhwpk2nvflrKyurW9slrbK2zu7e/tu5aCl41RRaNKYx6oTEg2cSWgaZjh0EgVEhBza4fgm99sPoDSL5b2ZJBAIMpQsYpQYK/XdirrGPUHMSIlsBGSgp3236tW8GfAy8QtSRQUaffe7N4hpKkAayonWXd9LTJARZRjlMC33Ug0JoWMyhK6lkgjQQTY7fYpPrDLAUazskwbP1N8dGRFaT0RoK/Mr9aKXi/96klGIFKEL+010GWRMJqkBSefro5RjE+M8HTxgCqjhE0sIVcz+ANMRsWOMzbBso/EXg1gmrbOab/ndebV+VYRUQkfoGJ0iH12gOrpFDdREFD2iZ/SCXp0n5815dz7mpStO0XOI/sD5/AFwbZ02</latexit><latexit sha1_base64="7MjXx2IGU7dNBvj451d73xxLe+0=">AAACEHicbVDLSgMxFM34rPU11aWbYBFclRkRdKFQcOOygn1AO5RMeqcNTTJDklHK0J9w71Z/wZ249Q/8Az/DTDsLbT0QOJxzXzlhwpk2nvflrKyurW9slrbK2zu7e/tu5aCl41RRaNKYx6oTEg2cSWgaZjh0EgVEhBza4fgm99sPoDSL5b2ZJBAIMpQsYpQYK/XdirrGPUHMSIlsBGSgp3236tW8GfAy8QtSRQUaffe7N4hpKkAayonWXd9LTJARZRjlMC33Ug0JoWMyhK6lkgjQQTY7fYpPrDLAUazskwbP1N8dGRFaT0RoK/Mr9aKXi/96klGIFKEL+010GWRMJqkBSefro5RjE+M8HTxgCqjhE0sIVcz+ANMRsWOMzbBso/EXg1gmrbOab/ndebV+VYRUQkfoGJ0iH12gOrpFDdREFD2iZ/SCXp0n5815dz7mpStO0XOI/sD5/AFwbZ02</latexit>

w̄ =
<latexit sha1_base64="BSDWK75BkJzv4FnbhGJ05CQkEgc=">AAACBnicbZDLSgMxFIbP1Futt6pLN8EiuCozIuhCoeDGZQV7kXYomfRMG5rJDElGKUP37t3qK7gTt76Gb+BjmLaz0OqBwMf/n5OT/EEiuDau++kUlpZXVteK66WNza3tnfLuXlPHqWLYYLGIVTugGgWX2DDcCGwnCmkUCGwFo6up37pHpXksb804QT+iA8lDzqix0l03oCp7mJDLXrniVt1Zkb/g5VCBvOq98le3H7M0QmmYoFp3PDcxfkaV4UzgpNRNNSaUjegAOxYljVD72ezBE3JklT4JY2WPNGSm/pzIaKT1OApsZ0TNUC96U/FfT3KGoaJsYb8Jz/2MyyQ1KNl8fZgKYmIyzYT0uUJmxNgCZYrbHxA2pPYaY5Mr2Wi8xSD+QvOk6lm+Oa3ULvKQinAAh3AMHpxBDa6hDg1gEMETPMOL8+i8Om/O+7y14OQz+/CrnI9vVNOZYQ==</latexit><latexit sha1_base64="BSDWK75BkJzv4FnbhGJ05CQkEgc=">AAACBnicbZDLSgMxFIbP1Futt6pLN8EiuCozIuhCoeDGZQV7kXYomfRMG5rJDElGKUP37t3qK7gTt76Gb+BjmLaz0OqBwMf/n5OT/EEiuDau++kUlpZXVteK66WNza3tnfLuXlPHqWLYYLGIVTugGgWX2DDcCGwnCmkUCGwFo6up37pHpXksb804QT+iA8lDzqix0l03oCp7mJDLXrniVt1Zkb/g5VCBvOq98le3H7M0QmmYoFp3PDcxfkaV4UzgpNRNNSaUjegAOxYljVD72ezBE3JklT4JY2WPNGSm/pzIaKT1OApsZ0TNUC96U/FfT3KGoaJsYb8Jz/2MyyQ1KNl8fZgKYmIyzYT0uUJmxNgCZYrbHxA2pPYaY5Mr2Wi8xSD+QvOk6lm+Oa3ULvKQinAAh3AMHpxBDa6hDg1gEMETPMOL8+i8Om/O+7y14OQz+/CrnI9vVNOZYQ==</latexit><latexit sha1_base64="BSDWK75BkJzv4FnbhGJ05CQkEgc=">AAACBnicbZDLSgMxFIbP1Futt6pLN8EiuCozIuhCoeDGZQV7kXYomfRMG5rJDElGKUP37t3qK7gTt76Gb+BjmLaz0OqBwMf/n5OT/EEiuDau++kUlpZXVteK66WNza3tnfLuXlPHqWLYYLGIVTugGgWX2DDcCGwnCmkUCGwFo6up37pHpXksb804QT+iA8lDzqix0l03oCp7mJDLXrniVt1Zkb/g5VCBvOq98le3H7M0QmmYoFp3PDcxfkaV4UzgpNRNNSaUjegAOxYljVD72ezBE3JklT4JY2WPNGSm/pzIaKT1OApsZ0TNUC96U/FfT3KGoaJsYb8Jz/2MyyQ1KNl8fZgKYmIyzYT0uUJmxNgCZYrbHxA2pPYaY5Mr2Wi8xSD+QvOk6lm+Oa3ULvKQinAAh3AMHpxBDa6hDg1gEMETPMOL8+i8Om/O+7y14OQz+/CrnI9vVNOZYQ==</latexit><latexit sha1_base64="BSDWK75BkJzv4FnbhGJ05CQkEgc=">AAACBnicbZDLSgMxFIbP1Futt6pLN8EiuCozIuhCoeDGZQV7kXYomfRMG5rJDElGKUP37t3qK7gTt76Gb+BjmLaz0OqBwMf/n5OT/EEiuDau++kUlpZXVteK66WNza3tnfLuXlPHqWLYYLGIVTugGgWX2DDcCGwnCmkUCGwFo6up37pHpXksb804QT+iA8lDzqix0l03oCp7mJDLXrniVt1Zkb/g5VCBvOq98le3H7M0QmmYoFp3PDcxfkaV4UzgpNRNNSaUjegAOxYljVD72ezBE3JklT4JY2WPNGSm/pzIaKT1OApsZ0TNUC96U/FfT3KGoaJsYb8Jz/2MyyQ1KNl8fZgKYmIyzYT0uUJmxNgCZYrbHxA2pPYaY5Mr2Wi8xSD+QvOk6lm+Oa3ULvKQinAAh3AMHpxBDa6hDg1gEMETPMOL8+i8Om/O+7y14OQz+/CrnI9vVNOZYQ==</latexit>

w =
<latexit sha1_base64="tHZ20hlAuv3U4xz0BT856KN6YjI=">AAACAXicbZDLSgMxFIbP1Futt6pLN8EiuCozIuhCoeDGZQV7gXYomfRMG5rJDElGKaUr9271FdyJW5/EN/AxzLSz0NYDgY//Pycn+YNEcG1c98sprKyurW8UN0tb2zu7e+X9g6aOU8WwwWIRq3ZANQousWG4EdhOFNIoENgKRjeZ33pApXks7804QT+iA8lDzqjJpEdyTXrlilt1Z0WWwcuhAnnVe+Xvbj9maYTSMEG17nhuYvwJVYYzgdNSN9WYUDaiA+xYlDRC7U9mb52SE6v0SRgre6QhM/X3xIRGWo+jwHZG1Az1opeJ/3qSMwwVZQv7TXjpT7hMUoOSzdeHqSAmJlkcpM8VMiPGFihT3P6AsCG11xgbWslG4y0GsQzNs6pn+e68UrvKQyrCERzDKXhwATW4hTo0gMEQnuEFXp0n5815dz7mrQUnnzmEP+V8/gCys5bG</latexit><latexit sha1_base64="tHZ20hlAuv3U4xz0BT856KN6YjI=">AAACAXicbZDLSgMxFIbP1Futt6pLN8EiuCozIuhCoeDGZQV7gXYomfRMG5rJDElGKaUr9271FdyJW5/EN/AxzLSz0NYDgY//Pycn+YNEcG1c98sprKyurW8UN0tb2zu7e+X9g6aOU8WwwWIRq3ZANQousWG4EdhOFNIoENgKRjeZ33pApXks7804QT+iA8lDzqjJpEdyTXrlilt1Z0WWwcuhAnnVe+Xvbj9maYTSMEG17nhuYvwJVYYzgdNSN9WYUDaiA+xYlDRC7U9mb52SE6v0SRgre6QhM/X3xIRGWo+jwHZG1Az1opeJ/3qSMwwVZQv7TXjpT7hMUoOSzdeHqSAmJlkcpM8VMiPGFihT3P6AsCG11xgbWslG4y0GsQzNs6pn+e68UrvKQyrCERzDKXhwATW4hTo0gMEQnuEFXp0n5815dz7mrQUnnzmEP+V8/gCys5bG</latexit><latexit sha1_base64="tHZ20hlAuv3U4xz0BT856KN6YjI=">AAACAXicbZDLSgMxFIbP1Futt6pLN8EiuCozIuhCoeDGZQV7gXYomfRMG5rJDElGKaUr9271FdyJW5/EN/AxzLSz0NYDgY//Pycn+YNEcG1c98sprKyurW8UN0tb2zu7e+X9g6aOU8WwwWIRq3ZANQousWG4EdhOFNIoENgKRjeZ33pApXks7804QT+iA8lDzqjJpEdyTXrlilt1Z0WWwcuhAnnVe+Xvbj9maYTSMEG17nhuYvwJVYYzgdNSN9WYUDaiA+xYlDRC7U9mb52SE6v0SRgre6QhM/X3xIRGWo+jwHZG1Az1opeJ/3qSMwwVZQv7TXjpT7hMUoOSzdeHqSAmJlkcpM8VMiPGFihT3P6AsCG11xgbWslG4y0GsQzNs6pn+e68UrvKQyrCERzDKXhwATW4hTo0gMEQnuEFXp0n5815dz7mrQUnnzmEP+V8/gCys5bG</latexit><latexit sha1_base64="tHZ20hlAuv3U4xz0BT856KN6YjI=">AAACAXicbZDLSgMxFIbP1Futt6pLN8EiuCozIuhCoeDGZQV7gXYomfRMG5rJDElGKaUr9271FdyJW5/EN/AxzLSz0NYDgY//Pycn+YNEcG1c98sprKyurW8UN0tb2zu7e+X9g6aOU8WwwWIRq3ZANQousWG4EdhOFNIoENgKRjeZ33pApXks7804QT+iA8lDzqjJpEdyTXrlilt1Z0WWwcuhAnnVe+Xvbj9maYTSMEG17nhuYvwJVYYzgdNSN9WYUDaiA+xYlDRC7U9mb52SE6v0SRgre6QhM/X3xIRGWo+jwHZG1Az1opeJ/3qSMwwVZQv7TXjpT7hMUoOSzdeHqSAmJlkcpM8VMiPGFihT3P6AsCG11xgbWslG4y0GsQzNs6pn+e68UrvKQyrCERzDKXhwATW4hTo0gMEQnuEFXp0n5815dz7mrQUnnzmEP+V8/gCys5bG</latexit>z =

<latexit sha1_base64="SjJBHB4OLl+8FVDRZ4rOyYe0dbo=">AAACAXicbZDLSgMxFIbP1Futt6pLN8EiuCozIuhCoeDGZQV7gXYomfRMG5rJDElGqKUr9271FdyJW5/EN/AxzLSz0NYDgY//Pycn+YNEcG1c98sprKyurW8UN0tb2zu7e+X9g6aOU8WwwWIRq3ZANQousWG4EdhOFNIoENgKRjeZ33pApXks7804QT+iA8lDzqjJpEdyTXrlilt1Z0WWwcuhAnnVe+Xvbj9maYTSMEG17nhuYvwJVYYzgdNSN9WYUDaiA+xYlDRC7U9mb52SE6v0SRgre6QhM/X3xIRGWo+jwHZG1Az1opeJ/3qSMwwVZQv7TXjpT7hMUoOSzdeHqSAmJlkcpM8VMiPGFihT3P6AsCG11xgbWslG4y0GsQzNs6pn+e68UrvKQyrCERzDKXhwATW4hTo0gMEQnuEFXp0n5815dz7mrQUnnzmEP+V8/gC3ipbJ</latexit><latexit sha1_base64="SjJBHB4OLl+8FVDRZ4rOyYe0dbo=">AAACAXicbZDLSgMxFIbP1Futt6pLN8EiuCozIuhCoeDGZQV7gXYomfRMG5rJDElGqKUr9271FdyJW5/EN/AxzLSz0NYDgY//Pycn+YNEcG1c98sprKyurW8UN0tb2zu7e+X9g6aOU8WwwWIRq3ZANQousWG4EdhOFNIoENgKRjeZ33pApXks7804QT+iA8lDzqjJpEdyTXrlilt1Z0WWwcuhAnnVe+Xvbj9maYTSMEG17nhuYvwJVYYzgdNSN9WYUDaiA+xYlDRC7U9mb52SE6v0SRgre6QhM/X3xIRGWo+jwHZG1Az1opeJ/3qSMwwVZQv7TXjpT7hMUoOSzdeHqSAmJlkcpM8VMiPGFihT3P6AsCG11xgbWslG4y0GsQzNs6pn+e68UrvKQyrCERzDKXhwATW4hTo0gMEQnuEFXp0n5815dz7mrQUnnzmEP+V8/gC3ipbJ</latexit><latexit sha1_base64="SjJBHB4OLl+8FVDRZ4rOyYe0dbo=">AAACAXicbZDLSgMxFIbP1Futt6pLN8EiuCozIuhCoeDGZQV7gXYomfRMG5rJDElGqKUr9271FdyJW5/EN/AxzLSz0NYDgY//Pycn+YNEcG1c98sprKyurW8UN0tb2zu7e+X9g6aOU8WwwWIRq3ZANQousWG4EdhOFNIoENgKRjeZ33pApXks7804QT+iA8lDzqjJpEdyTXrlilt1Z0WWwcuhAnnVe+Xvbj9maYTSMEG17nhuYvwJVYYzgdNSN9WYUDaiA+xYlDRC7U9mb52SE6v0SRgre6QhM/X3xIRGWo+jwHZG1Az1opeJ/3qSMwwVZQv7TXjpT7hMUoOSzdeHqSAmJlkcpM8VMiPGFihT3P6AsCG11xgbWslG4y0GsQzNs6pn+e68UrvKQyrCERzDKXhwATW4hTo0gMEQnuEFXp0n5815dz7mrQUnnzmEP+V8/gC3ipbJ</latexit><latexit sha1_base64="SjJBHB4OLl+8FVDRZ4rOyYe0dbo=">AAACAXicbZDLSgMxFIbP1Futt6pLN8EiuCozIuhCoeDGZQV7gXYomfRMG5rJDElGqKUr9271FdyJW5/EN/AxzLSz0NYDgY//Pycn+YNEcG1c98sprKyurW8UN0tb2zu7e+X9g6aOU8WwwWIRq3ZANQousWG4EdhOFNIoENgKRjeZ33pApXks7804QT+iA8lDzqjJpEdyTXrlilt1Z0WWwcuhAnnVe+Xvbj9maYTSMEG17nhuYvwJVYYzgdNSN9WYUDaiA+xYlDRC7U9mb52SE6v0SRgre6QhM/X3xIRGWo+jwHZG1Az1opeJ/3qSMwwVZQv7TXjpT7hMUoOSzdeHqSAmJlkcpM8VMiPGFihT3P6AsCG11xgbWslG4y0GsQzNs6pn+e68UrvKQyrCERzDKXhwATW4hTo0gMEQnuEFXp0n5815dz7mrQUnnzmEP+V8/gC3ipbJ</latexit>

[Frauchiger and RR, Nat. Comm. 2018]: There exist 
scenarios where a fully quantum-mechanical treatment of 
the agents leads them to issue contradictory statements.



 quantum laws

Background: The trouble

Standard quantum theory cannot in general consistently 
describe agents, i.e., users of quantum theory. 

z =<latexit sha1_base64="3x/GM9yNJJ26KCcezBHa9KGxM8k=">AAACAXicbZDLSgMxFIbP1Futt6pLN8EiuCozIuhGKLpxWcFeoB1KJj3ThmYyQ5IRaunKvVt9BXfi1ifxDXwMM+0stPVA4OP/z8lJ/iARXBvX/XIKK6tr6xvFzdLW9s7uXnn/oKnjVDFssFjEqh1QjYJLbBhuBLYThTQKBLaC0U3mtx5QaR7LezNO0I/oQPKQM2oy6ZFckV654lbdWZFl8HKoQF71Xvm7249ZGqE0TFCtO56bGH9CleFM4LTUTTUmlI3oADsWJY1Q+5PZW6fkxCp9EsbKHmnITP09MaGR1uMosJ0RNUO96GXiv57kDENF2cJ+E176Ey6T1KBk8/VhKoiJSRYH6XOFzIixBcoUtz8gbEjtNcaGVrLReItBLEPzrOpZvjuv1K7zkIpwBMdwCh5cQA1uoQ4NYDCEZ3iBV+fJeXPenY95a8HJZw7hTzmfP7lYls8=</latexit><latexit sha1_base64="3x/GM9yNJJ26KCcezBHa9KGxM8k=">AAACAXicbZDLSgMxFIbP1Futt6pLN8EiuCozIuhGKLpxWcFeoB1KJj3ThmYyQ5IRaunKvVt9BXfi1ifxDXwMM+0stPVA4OP/z8lJ/iARXBvX/XIKK6tr6xvFzdLW9s7uXnn/oKnjVDFssFjEqh1QjYJLbBhuBLYThTQKBLaC0U3mtx5QaR7LezNO0I/oQPKQM2oy6ZFckV654lbdWZFl8HKoQF71Xvm7249ZGqE0TFCtO56bGH9CleFM4LTUTTUmlI3oADsWJY1Q+5PZW6fkxCp9EsbKHmnITP09MaGR1uMosJ0RNUO96GXiv57kDENF2cJ+E176Ey6T1KBk8/VhKoiJSRYH6XOFzIixBcoUtz8gbEjtNcaGVrLReItBLEPzrOpZvjuv1K7zkIpwBMdwCh5cQA1uoQ4NYDCEZ3iBV+fJeXPenY95a8HJZw7hTzmfP7lYls8=</latexit><latexit sha1_base64="3x/GM9yNJJ26KCcezBHa9KGxM8k=">AAACAXicbZDLSgMxFIbP1Futt6pLN8EiuCozIuhGKLpxWcFeoB1KJj3ThmYyQ5IRaunKvVt9BXfi1ifxDXwMM+0stPVA4OP/z8lJ/iARXBvX/XIKK6tr6xvFzdLW9s7uXnn/oKnjVDFssFjEqh1QjYJLbBhuBLYThTQKBLaC0U3mtx5QaR7LezNO0I/oQPKQM2oy6ZFckV654lbdWZFl8HKoQF71Xvm7249ZGqE0TFCtO56bGH9CleFM4LTUTTUmlI3oADsWJY1Q+5PZW6fkxCp9EsbKHmnITP09MaGR1uMosJ0RNUO96GXiv57kDENF2cJ+E176Ey6T1KBk8/VhKoiJSRYH6XOFzIixBcoUtz8gbEjtNcaGVrLReItBLEPzrOpZvjuv1K7zkIpwBMdwCh5cQA1uoQ4NYDCEZ3iBV+fJeXPenY95a8HJZw7hTzmfP7lYls8=</latexit><latexit sha1_base64="3x/GM9yNJJ26KCcezBHa9KGxM8k=">AAACAXicbZDLSgMxFIbP1Futt6pLN8EiuCozIuhGKLpxWcFeoB1KJj3ThmYyQ5IRaunKvVt9BXfi1ifxDXwMM+0stPVA4OP/z8lJ/iARXBvX/XIKK6tr6xvFzdLW9s7uXnn/oKnjVDFssFjEqh1QjYJLbBhuBLYThTQKBLaC0U3mtx5QaR7LezNO0I/oQPKQM2oy6ZFckV654lbdWZFl8HKoQF71Xvm7249ZGqE0TFCtO56bGH9CleFM4LTUTTUmlI3oADsWJY1Q+5PZW6fkxCp9EsbKHmnITP09MaGR1uMosJ0RNUO96GXiv57kDENF2cJ+E176Ey6T1KBk8/VhKoiJSRYH6XOFzIixBcoUtz8gbEjtNcaGVrLReItBLEPzrOpZvjuv1K7zkIpwBMdwCh5cQA1uoQ4NYDCEZ3iBV+fJeXPenY95a8HJZw7hTzmfP7lYls8=</latexit>

>>>

z =
<latexit sha1_base64="3x/GM9yNJJ26KCcezBHa9KGxM8k=">AAACAXicbZDLSgMxFIbP1Futt6pLN8EiuCozIuhGKLpxWcFeoB1KJj3ThmYyQ5IRaunKvVt9BXfi1ifxDXwMM+0stPVA4OP/z8lJ/iARXBvX/XIKK6tr6xvFzdLW9s7uXnn/oKnjVDFssFjEqh1QjYJLbBhuBLYThTQKBLaC0U3mtx5QaR7LezNO0I/oQPKQM2oy6ZFckV654lbdWZFl8HKoQF71Xvm7249ZGqE0TFCtO56bGH9CleFM4LTUTTUmlI3oADsWJY1Q+5PZW6fkxCp9EsbKHmnITP09MaGR1uMosJ0RNUO96GXiv57kDENF2cJ+E176Ey6T1KBk8/VhKoiJSRYH6XOFzIixBcoUtz8gbEjtNcaGVrLReItBLEPzrOpZvjuv1K7zkIpwBMdwCh5cQA1uoQ4NYDCEZ3iBV+fJeXPenY95a8HJZw7hTzmfP7lYls8=</latexit><latexit sha1_base64="3x/GM9yNJJ26KCcezBHa9KGxM8k=">AAACAXicbZDLSgMxFIbP1Futt6pLN8EiuCozIuhGKLpxWcFeoB1KJj3ThmYyQ5IRaunKvVt9BXfi1ifxDXwMM+0stPVA4OP/z8lJ/iARXBvX/XIKK6tr6xvFzdLW9s7uXnn/oKnjVDFssFjEqh1QjYJLbBhuBLYThTQKBLaC0U3mtx5QaR7LezNO0I/oQPKQM2oy6ZFckV654lbdWZFl8HKoQF71Xvm7249ZGqE0TFCtO56bGH9CleFM4LTUTTUmlI3oADsWJY1Q+5PZW6fkxCp9EsbKHmnITP09MaGR1uMosJ0RNUO96GXiv57kDENF2cJ+E176Ey6T1KBk8/VhKoiJSRYH6XOFzIixBcoUtz8gbEjtNcaGVrLReItBLEPzrOpZvjuv1K7zkIpwBMdwCh5cQA1uoQ4NYDCEZ3iBV+fJeXPenY95a8HJZw7hTzmfP7lYls8=</latexit><latexit sha1_base64="3x/GM9yNJJ26KCcezBHa9KGxM8k=">AAACAXicbZDLSgMxFIbP1Futt6pLN8EiuCozIuhGKLpxWcFeoB1KJj3ThmYyQ5IRaunKvVt9BXfi1ifxDXwMM+0stPVA4OP/z8lJ/iARXBvX/XIKK6tr6xvFzdLW9s7uXnn/oKnjVDFssFjEqh1QjYJLbBhuBLYThTQKBLaC0U3mtx5QaR7LezNO0I/oQPKQM2oy6ZFckV654lbdWZFl8HKoQF71Xvm7249ZGqE0TFCtO56bGH9CleFM4LTUTTUmlI3oADsWJY1Q+5PZW6fkxCp9EsbKHmnITP09MaGR1uMosJ0RNUO96GXiv57kDENF2cJ+E176Ey6T1KBk8/VhKoiJSRYH6XOFzIixBcoUtz8gbEjtNcaGVrLReItBLEPzrOpZvjuv1K7zkIpwBMdwCh5cQA1uoQ4NYDCEZ3iBV+fJeXPenY95a8HJZw7hTzmfP7lYls8=</latexit><latexit sha1_base64="3x/GM9yNJJ26KCcezBHa9KGxM8k=">AAACAXicbZDLSgMxFIbP1Futt6pLN8EiuCozIuhGKLpxWcFeoB1KJj3ThmYyQ5IRaunKvVt9BXfi1ifxDXwMM+0stPVA4OP/z8lJ/iARXBvX/XIKK6tr6xvFzdLW9s7uXnn/oKnjVDFssFjEqh1QjYJLbBhuBLYThTQKBLaC0U3mtx5QaR7LezNO0I/oQPKQM2oy6ZFckV654lbdWZFl8HKoQF71Xvm7249ZGqE0TFCtO56bGH9CleFM4LTUTTUmlI3oADsWJY1Q+5PZW6fkxCp9EsbKHmnITP09MaGR1uMosJ0RNUO96GXiv57kDENF2cJ+E176Ey6T1KBk8/VhKoiJSRYH6XOFzIixBcoUtz8gbEjtNcaGVrLReItBLEPzrOpZvjuv1K7zkIpwBMdwCh5cQA1uoQ4NYDCEZ3iBV+fJeXPenY95a8HJZw7hTzmfP7lYls8=</latexit>

z = + 1
2

<latexit sha1_base64="zF9K4acmFAb/yjL6Oz3XdrwmqFw=">AAACEHicbVDLSgMxFL1TX7W+prp0EyyCIJSZbnShUHDjsop9QFtqJs20oZnMkGSUOsxPuHHlVn/Bnbj1D/wDP8NM24W2HggczrmP3ONFnCntOF9Wbml5ZXUtv17Y2Nza3rGLuw0VxpLQOgl5KFseVpQzQeuaaU5bkaQ48DhteqOLzG/eUalYKG70OKLdAA8E8xnB2kg9u/iAztEx6vgSk8RNk0ras0tO2ZkALRJ3RkrV0tP1LQDUevZ3px+SOKBCE46VartOpLsJlpoRTtNCJ1Y0wmSEB7RtqMABVd1k8vUUHRqlj/xQmic0mqi/OxIcKDUOPFMZYD1U814m/usJRmh21Nx+7Z92EyaiWFNBpuv9mCMdoiwd1GeSEs3HhmAimbkAkSE2Y7TJsGCiceeDWCSNStk1/MotVc9gijzswwEcgQsnUIVLqEEdCNzDM7zAq/VovVnv1se0NGfNevbgD6zPH/gEnbs=</latexit><latexit sha1_base64="gNA4mfJPCMnAlRHVLq9DA5V1r4E=">AAACEHicbVDLSgMxFM3UV62vVpdugoMgCGWmG10oFNy4rNIXtKVm0jttaCYzJBmlDvMTbly5VfAL3Ilb/8A/8DNMHwttPRA4nHMfuceLOFPacb6szNLyyupadj23sbm1vZMv7NZVGEsKNRryUDY9ooAzATXNNIdmJIEEHoeGN7wY+41bkIqFoqpHEXQC0hfMZ5RoI3XzhXt8jo9x25eEJm6alNJu3naKzgR4kbgzYpftx+vqzStUuvnvdi+kcQBCU06UarlOpDsJkZpRDmmuHSuICB2SPrQMFSQA1UkmX0/xoVF62A+leULjifq7IyGBUqPAM5UB0QM1743Ffz3BKIyPmtuv/dNOwkQUaxB0ut6POdYhHqeDe0wC1XxkCKGSmQswHRAzRpsMcyYadz6IRVIvFV3Dr1y7fIamyKJ9dICOkItOUBldogqqIYru0BN6Ri/Wg/VmvVsf09KMNevZQ39gff4A8MmfHg==</latexit><latexit sha1_base64="gNA4mfJPCMnAlRHVLq9DA5V1r4E=">AAACEHicbVDLSgMxFM3UV62vVpdugoMgCGWmG10oFNy4rNIXtKVm0jttaCYzJBmlDvMTbly5VfAL3Ilb/8A/8DNMHwttPRA4nHMfuceLOFPacb6szNLyyupadj23sbm1vZMv7NZVGEsKNRryUDY9ooAzATXNNIdmJIEEHoeGN7wY+41bkIqFoqpHEXQC0hfMZ5RoI3XzhXt8jo9x25eEJm6alNJu3naKzgR4kbgzYpftx+vqzStUuvnvdi+kcQBCU06UarlOpDsJkZpRDmmuHSuICB2SPrQMFSQA1UkmX0/xoVF62A+leULjifq7IyGBUqPAM5UB0QM1743Ffz3BKIyPmtuv/dNOwkQUaxB0ut6POdYhHqeDe0wC1XxkCKGSmQswHRAzRpsMcyYadz6IRVIvFV3Dr1y7fIamyKJ9dICOkItOUBldogqqIYru0BN6Ri/Wg/VmvVsf09KMNevZQ39gff4A8MmfHg==</latexit><latexit sha1_base64="qDHyPKkDoDunN5CGc/zd5a/chTE=">AAACEHicbVDLSsNAFJ34rPWV6tLNYBEEoSTd6EKh4MZlBfuANpTJ9KYdOpmEmYlSQ37CvVv9BXfi1j/wD/wMJ20W2npg4HDOfcw9fsyZ0o7zZa2srq1vbJa2yts7u3v7duWgraJEUmjRiEey6xMFnAloaaY5dGMJJPQ5dPzJde537kEqFok7PY3BC8lIsIBRoo00sCuP+Aqf4X4gCU3dLK1nA7vq1JwZ8DJxC1JFBZoD+7s/jGgSgtCUE6V6rhNrLyVSM8ohK/cTBTGhEzKCnqGChKC8dPb1DJ8YZYiDSJonNJ6pvztSEio1DX1TGRI9VoteLv7rCUYhP2phvw4uvJSJONEg6Hx9kHCsI5yng4dMAtV8agihkpkLMB0TM0abDMsmGncxiGXSrtdcw2/dauOyCKmEjtAxOkUuOkcNdIOaqIUoekDP6AW9Wk/Wm/VufcxLV6yi5xD9gfX5A5EVnA8=</latexit>

>>>

>>>
<latexit sha1_base64="PFv5LVybHuj8PRWIfNCxyWc3qiE=">AAACCnicbVC7SgNBFL3rM8ZX1NJmMAhWsmujhcSAjWUE84BkCbOTWTNkdnaduSuEJX9gb6u/YCdWgj/hH9j7A84mKTTxwMDhnPuaEyRSGHTdT2dhcWl5ZbWwVlzf2NzaLu3sNkycasbrLJaxbgXUcCkUr6NAyVuJ5jQKJG8Gg8vcb95zbUSsbnCYcD+it0qEglG0kt+JKPYRs0qlMip2S2X32B2DzBNvSsoX3+9YBYBat/TV6cUsjbhCJqkxbc9N0M+oRsEkHxU7qeEJZQN6y9uWKhpx42fjo0fk0Co9EsbaPoVkrP7uyGhkzDAKbGV+pJn1cvFfTwnGQ03ZzH4Mz/xMqCRFrthkfZhKgjHJcyE9oTlDObSEMi3sDwjrUzsGbXp5NN5sEPOkcXLsWX7tlavnMEEB9uEAjsCDU6jCFdSgDgzu4BGe4Nl5cF6cV+dtUrrgTHv24A+cjx/e6p16</latexit><latexit sha1_base64="8ne4peVr3ZzZ7HM7eiVyBpzo12M=">AAACCnicbVC7TsMwFHXKq5RXgZHFokJiqhIWGCBUYmEsEn1IbVQ5rtNadZxg3yBVUf+AGVb4BTbEhAQfwR+w8wM4bQdoOZKlo3Puy8ePBddg259WbmFxaXklv1pYW9/Y3Cpu79R1lCjKajQSkWr6RDPBJasBB8GasWIk9AVr+IOLzG/cMqV5JK9hGDMvJD3JA04JGMlrhwT6AKnruqNCp1iyy/YYeJ44U1I6/34D9/7so9opfrW7EU1CJoEKonXLsWPwUqKAU8FGhXaiWUzogPRYy1BJQqa9dHz0CB8YpYuDSJknAY/V3x0pCbUehr6pzI7Us14m/utJTlmgCJ3ZD8GJl3IZJ8AknawPEoEhwlkuuMsVoyCGhhCquPkBpn1ixoBJL4vGmQ1intSPyo7hV06pcoomyKM9tI8OkYOOUQVdoiqqIYpu0AN6RE/WnfVsvVivk9KcNe3ZRX9gvf8AICyfEA==</latexit><latexit sha1_base64="8ne4peVr3ZzZ7HM7eiVyBpzo12M=">AAACCnicbVC7TsMwFHXKq5RXgZHFokJiqhIWGCBUYmEsEn1IbVQ5rtNadZxg3yBVUf+AGVb4BTbEhAQfwR+w8wM4bQdoOZKlo3Puy8ePBddg259WbmFxaXklv1pYW9/Y3Cpu79R1lCjKajQSkWr6RDPBJasBB8GasWIk9AVr+IOLzG/cMqV5JK9hGDMvJD3JA04JGMlrhwT6AKnruqNCp1iyy/YYeJ44U1I6/34D9/7so9opfrW7EU1CJoEKonXLsWPwUqKAU8FGhXaiWUzogPRYy1BJQqa9dHz0CB8YpYuDSJknAY/V3x0pCbUehr6pzI7Us14m/utJTlmgCJ3ZD8GJl3IZJ8AknawPEoEhwlkuuMsVoyCGhhCquPkBpn1ixoBJL4vGmQ1intSPyo7hV06pcoomyKM9tI8OkYOOUQVdoiqqIYpu0AN6RE/WnfVsvVivk9KcNe3ZRX9gvf8AICyfEA==</latexit><latexit sha1_base64="DVNWje6DYiKJ5242S1B9K0f5y5s=">AAACCnicbVC7SgNBFJ2NrxhfUUubwSBYhV0bLSQEbCwjmAckS5id3E2GzM6uM3eFsOQP7G31F+zE1p/wD/wMZ5MUmnhg4HDOfc0JEikMuu6XU1hb39jcKm6Xdnb39g/Kh0ctE6eaQ5PHMtadgBmQQkETBUroJBpYFEhoB+Ob3G8/gjYiVvc4ScCP2FCJUHCGVvJ7EcMRYlar1aalfrniVt0Z6CrxFqRCFmj0y9+9QczTCBRyyYzpem6CfsY0Ci5hWuqlBhLGx2wIXUsVi8D42ezoKT2zyoCGsbZPIZ2pvzsyFhkziQJbmR9plr1c/NdTgkOoGV/aj+GVnwmVpAiKz9eHqaQY0zwXOhAaOMqJJYxrYX9A+YjZMWjTy6PxloNYJa2Lqmf5nVepXy9CKpITckrOiUcuSZ3ckgZpEk4eyDN5Ia/Ok/PmvDsf89KCs+g5Jn/gfP4ADjCa0w==</latexit>





Why was the problem not noticed before?

classical laws quantum laws

agent
studied  
system

 quantum laws

Standard situation: agents subject to dissipation

Problematic situation: systems protected from dissipation



quantum laws

Long-term program

Question: How would the world be described by 
agents if dissipation was much slower?  



Long-term program

Question: Can we build agents that discover physical laws?

agent physical system

Question: If yes, how can we extract these laws?



Short-term program

Question: Can we make an agent learn “physical laws” 
in a toy example, so that they can be extracted? 

agent toy physical system



law

What is a physical law?

physical world

Gµ⌫ = 8⇡Tµ⌫
<latexit sha1_base64="hqDVxZz6Ityp9HUNasXW8PJLSLw=">AAACHnicbVDLSsNAFJ3UV62vqEsXDhbBVUmqYDdC0YUuK/QFJoTJdNIOnZmEmYlQQpf+h3u3+gvuxK3+gZ/htA2orQcuHM65D+4JE0aVdpxPq7C0vLK6VlwvbWxube/Yu3ttFacSkxaOWSy7IVKEUUFammpGuokkiIeMdMLh1cTv3BOpaCyaepQQn6O+oBHFSBspsA+vg8zjKfREOoYXsAa9hMLmjxbYZafiTAEXiZuTMsjRCOwvrxfjlBOhMUNK3blOov0MSU0xI+OSlyqSIDxEfXJnqECcKD+bPjKGx0bpwSiWpoSGU/X3RIa4UiMemk6O9EDNexPxX09QTCKJ8Nx9HdX8jIok1UTg2fkoZVDHcJIV7FFJsGYjQxCW1HwA8QCZNdokWjLRuPNBLJJ2teKeVqq3Z+X6ZR5SERyAI3ACXHAO6uAGNEALYPAAnsAzeLEerVfrzXqftRasfGYf/IH18Q1KM6HI</latexit>

physical world

compressed 
description



Asking questions

x0 = __
v = __

t’

x

t

observations
representation

encoding

question decoding

x(t’) = x0 + v t’

answer



SciNet

question Q

R
latent representation

decoder Dencoder E

observation
O answer

A



Example 1: Damped pendulum
Physical model: �x� bẋ = mẍ

<latexit sha1_base64="gmPWBkeU6GNbzmsPLFmDsMkU5H0=">AAACInicbVDLSgMxFL1TX7W+qi7dBIvgpmWmCroRim5cVrAPaEvJpJk2NMkMSUZahn6A/+Herf6CO3El+AF+hmk7C209EDg55z64x48408Z1P53Myura+kZ2M7e1vbO7l98/qOswVoTWSMhD1fSxppxJWjPMcNqMFMXC57ThD2+mfuOBKs1CeW/GEe0I3JcsYAQbK3XzhSJqD3EUYTRCReSjdi80yWiCrpCwfP6xVW7JnQEtEy8lBUhR7ea/7RgSCyoN4VjrludGppNgZRjhdJJrx5pGmAxxn7YslVhQ3Ulmx0zQiVV6KAiVfdKgmfq7I8FC67HwbaXAZqAXvan4rycZoYHCZGG/CS47CZNRbKgk8/VBzJEJ0TQv1GOKEsPHlmCimL0AkQG2Y4xNNWej8RaDWCb1csk7K5XvzguV6zSkLBzBMZyCBxdQgVuoQg0IPMIzvMCr8+S8Oe/Ox7w046Q9h/AHztcP0SujFA==</latexit>

“Law” defined by: , b
<latexit sha1_base64="64x9CLpznBnyAWYm3pO2TcBvl0A=">AAACBnicbVDLSgMxFL1TX7W+qi7dBIvgQspMFXRZdOOygn1IO5RMmmlDk0xIMkIp3bt3q7/gTtz6G/6Bn2HazkJbD1w4nHNvbu6JFGfG+v6Xl1tZXVvfyG8WtrZ3dveK+wcNk6Sa0DpJeKJbETaUM0nrlllOW0pTLCJOm9HwZuo3H6k2LJH3dqRoKHBfspgRbJ300BlipfAZirrFkl/2Z0DLJMhICTLUusXvTi8hqaDSEo6NaQe+suEYa8sIp5NCJzVUYTLEfdp2VGJBTTiefXiCTpzSQ3GiXUmLZurviTEWxoxE5DoFtgOz6E3Ffz3JCI01Jgv7bXwVjplUqaWSzNfHKUc2QdNMUI9pSiwfOYKJZu4CRAbYPWNdcgUXTbAYxDJpVMrBeblyd1GqXmch5eEIjuEUAriEKtxCDepAQMAzvMCr9+S9ee/ex7w152Uzh/AH3ucP5ueZJQ==</latexit>

Observation: {x(t)}t
<latexit sha1_base64="XhaTBzJioTZCPtb6Yx8vBBl25gw=">AAACCXicbVDLSsNAFJ34rPVVdekmWIS6KUkVdFl047KCfUBTymR60w6dTMLMjVhCvsC9W/0Fd+LWr/AP/AynbRbaeuDC4Zx75849fiy4Rsf5slZW19Y3Ngtbxe2d3b390sFhS0eJYtBkkYhUx6caBJfQRI4COrECGvoC2v74Zuq3H0BpHsl7nMTQC+lQ8oAzikbyvPSxgmde1k8x65fKTtWZwV4mbk7KJEejX/r2BhFLQpDIBNW66zox9lKqkDMBWdFLNMSUjekQuoZKGoLupbM/Z/apUQZ2EClTEu2Z+nsipaHWk9A3nSHFkV70puK/nuQMAkXZwn4Mrnopl3GCINl8fZAIGyN7Gos94AoYiokhlCluLrDZiJpn0IRXNNG4i0Esk1at6p5Xa3cX5fp1HlKBHJMTUiEuuSR1cksapEkYickzeSGv1pP1Zr1bH/PWFSufOSJ/YH3+AP0XmuQ=</latexit>

Question: t0
<latexit sha1_base64="fovbfmoqbwO3UqA2V12Uh7r9TMM=">AAAB/3icbVDLTgJBEJzFF+IL9ehlIjF6IrtookeiF49o5JHAhswOvTBhdnYz02tCCAfvXvUXvBmvfop/4Gc4wB4UrKSTSlX39HQFiRQGXffLya2srq1v5DcLW9s7u3vF/YOGiVPNoc5jGetWwAxIoaCOAiW0Eg0sCiQ0g+HN1G8+gjYiVg84SsCPWF+JUHCGVrrH026x5JbdGegy8TJSIhlq3eJ3pxfzNAKFXDJj2p6boD9mGgWXMCl0UgMJ40PWh7alikVg/PHspxN6YpUeDWNtSyGdqb8nxiwyZhQFtjNiODCL3lT811OCQ6gZX9iP4ZU/FipJERSfrw9TSTGm0zBoT2jgKEeWMK6FvYDyAbPPoI2sYKPxFoNYJo1K2TsvV+4uStXrLKQ8OSLH5Ix45JJUyS2pkTrhJCTP5IW8Ok/Om/PufMxbc042c0j+wPn8AdvMlmM=</latexit>

x(t0)
<latexit sha1_base64="tJCTw5aBpTzk8AZ/5Z2rYYL8P+U=">AAACAnicbVBNT8JAEJ3iF+IX6tFLIzHihbRookeiF4+YWCCBhmyXLWzYbpvdqZEQbt696l/wZrz6R/wH/gwX6EHBl0zy8t7Mzs4LEsE1Os6XlVtZXVvfyG8WtrZ3dveK+wcNHaeKMo/GIlatgGgmuGQechSslShGokCwZjC8mfrNB6Y0j+U9jhLmR6QvecgpQSN5j2U8PesWS07FmcFeJm5GSpCh3i1+d3oxTSMmkQqiddt1EvTHRCGngk0KnVSzhNAh6bO2oZJETPvj2Wcn9olRenYYK1MS7Zn6e2JMIq1HUWA6I4IDvehNxX89ySkLFaEL+zG88sdcJikySefrw1TYGNvTPOweV4yiGBlCqOLmApsOiHkGTWoFE427GMQyaVQr7nmlendRql1nIeXhCI6hDC5cQg1uoQ4eUODwDC/waj1Zb9a79TFvzVnZzCH8gfX5A4/Bl0o=</latexit>

for time

question Q

R
latent representation

decoder Dencoder E

observation
O answer

A



Example 1: Damped pendulum

Latent representation

Latent neuron 1 Latent neuron 2 Latent neuron 3

question Q

R
latent representation

decoder Dencoder E

observation
O answer

A



Example 2: Tomography of qubits
Physical model: P (x| ) = |h�x| i|2

<latexit sha1_base64="khLYgXkBCyOtGVcYxQz7/fpE+JQ=">AAACKHicbZDLTgIxFIY7XhFvqEs3jcQENmQGTXRjQnTjEhO5JMxIOuUMNHQ6k7ZjJMAz+B7u3eoruDNsXfkYFpiFgn/S5M93zunJ+f2YM6Vte2KtrK6tb2xmtrLbO7t7+7mDw7qKEkmhRiMeyaZPFHAmoKaZ5tCMJZDQ59Dw+zfTeuMRpGKRuNeDGLyQdAULGCXaoHauWC08jdxYsSK+wiOXE9Hl4MY91p5jV87I6KHczuXtkj0TXjZOavIoVbWd+3Y7EU1CEJpyolTLsWPtDYnUjHIYZ91EQUxon3ShZawgIShvODtpjE8N6eAgkuYJjWf098SQhEoNQt90hkT31GJtCv+tCUYhkIQu7NfBpTdkIk40CDpfHyQc6whPU8MdJoFqPjCGUMnMBZj2iPlGm2yzJhpnMYhlUy+XnLNS+e48X7lOQ8qgY3SCCshBF6iCblEV1RBFz+gVvaF368X6sD6tybx1xUpnjtAfWV8/BTim/Q==</latexit>

Observation: {P (x| )}x
<latexit sha1_base64="znM+U8ms8JWFm2VwuDdBQBB8hSo=">AAACDnicbVDLTsJAFJ3iC/FB1aWbRmKCG9KiiS6JblxiIo+ENs10uIUJ02kzMzWQyj+4d6u/4M649Rf8Az/DAbpQ8CQ3OTnn3rlzT5AwKpVtfxmFtfWNza3idmlnd2+/bB4ctmWcCgItErNYdAMsgVEOLUUVg24iAEcBg04wupn5nQcQksb8Xk0S8CI84DSkBCst+WbZzZrV8aObSHrmTv2xb1bsmj2HtUqcnFRQjqZvfrv9mKQRcEUYlrLn2InyMiwUJQymJTeVkGAywgPoacpxBNLL5h+fWqda6VthLHRxZc3V3xMZjqScRIHujLAaymVvJv7rcUogFJgs7VfhlZdRnqQKOFmsD1NmqdiaZWP1qQCi2EQTTATVF1hkiPUzSidY0tE4y0Gskna95pzX6ncXlcZ1HlIRHaMTVEUOukQNdIuaqIUIStEzekGvxpPxZrwbH4vWgpHPHKE/MD5/AKL5nD8=</latexit>

“Law” defined by: | i
<latexit sha1_base64="MkC7t4AyxkD/Ij9EOYPQPj7dViI=">AAACCXicbVDLSgNBEOz1GeMr6tHLYBA8hd0o6DHoxWME84DsEmYnvcmQ2dllZlYIMV/g3av+gjfx6lf4B36Gk2QPmljQUFR1T09XmAqujet+OSura+sbm4Wt4vbO7t5+6eCwqZNMMWywRCSqHVKNgktsGG4EtlOFNA4FtsLhzdRvPaDSPJH3ZpRiENO+5BFn1FjJf/RTzX1FZV9gt1R2K+4MZJl4OSlDjnq39O33EpbFKA0TVOuO56YmGFNlOBM4KfqZxpSyIe1jx1JJY9TBePbnCTm1So9EibIlDZmpvyfGNNZ6FIe2M6ZmoBe9qfivJznDSFG2sN9EV8GYyzQzKNl8fZQJYhIyjYX0uEJmxMgSyhS3FxA2oPYZY8Mr2mi8xSCWSbNa8c4r1buLcu06D6kAx3ACZ+DBJdTgFurQAAYpPMMLvDpPzpvz7nzMW1ecfOYI/sD5/AFoWpsl</latexit>

Question: for measurement x0
<latexit sha1_base64="0XGbQwUqERzW4kNGkGRtXHfeUvk=">AAAB/3icbVC7TgMxENzjGcIrQEljESGooruABGUEDWVA5CElp8jn7CVWfL6T7UNEUQp6WvgFOkTLp/AHfAZOcgUkjLTSaGbX650gEVwb1/1ylpZXVtfWcxv5za3tnd3C3n5dx6liWGOxiFUzoBoFl1gz3AhsJgppFAhsBIPrid94QKV5LO/NMEE/oj3JQ86osdLd40mnUHRL7hRkkXgZKUKGaqfw3e7GLI1QGiao1i3PTYw/ospwJnCcb6caE8oGtIctSyWNUPuj6U/H5NgqXRLGypY0ZKr+nhjRSOthFNjOiJq+nvcm4r+e5AxDRdncfhNe+iMuk9SgZLP1YSqIickkDNLlCpkRQ0soU9xeQFif2meMjSxvo/Hmg1gk9XLJOyuVb8+LlasspBwcwhGcggcXUIEbqEINGITwDC/w6jw5b8678zFrXXKymQP4A+fzB+I4lmc=</latexit>

P (x0| )
<latexit sha1_base64="unV07gZGhQ0/ChN1CsJZwRFYjWI=">AAACB3icbVDLTgJBEOzFF+IL9ehlIzHiheyiiR6JXjxiIo8IGzI79MKE2dnNzKyRIB/g3av+gjfj1c/wD/wMB9iDgpV0Uqnqnp4uP+ZMacf5sjJLyyura9n13Mbm1vZOfnevrqJEUqzRiEey6ROFnAmsaaY5NmOJJPQ5NvzB1cRv3KNULBK3ehijF5KeYAGjRBvprlp8OH5sx4qddPIFp+RMYS8SNyUFSFHt5L/b3YgmIQpNOVGq5Tqx9kZEakY5jnPtRGFM6ID0sGWoICEqbzT98dg+MkrXDiJpSmh7qv6eGJFQqWHom86Q6L6a9ybiv55gFANJ6Nx+HVx4IybiRKOgs/VBwm0d2ZNQ7C6TSDUfGkKoZOYCm/aJeUab6HImGnc+iEVSL5fc01L55qxQuUxDysIBHEIRXDiHClxDFWpAQcAzvMCr9WS9We/Wx6w1Y6Uz+/AH1ucPiHGZfA==</latexit>
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Other examples

Angular momentum 
conservation

question Q

R
latent representation

decoder Dencoder E

observation
O answer

A

(v’2  , q’2 (t’))

(ω'1 , q’1 (t’))

Copernicus

Mars

Earth

Sun

fixed
stars

θS θM

φE φM

rS
rM



 

Summary

question Q

R
latent representation

decoder Dencoder E

observation
O answer

A

Long-term goal: Develop a variant 
of quantum theory that can 
consistently describe agents who 
are using the theory.

First step: SciNet, a network 
architecture that enables the 
extraction of the learned laws. (So 
far only tested for toy examples.)

)

<latexit sha1_base64="eU+2TQuoVwkztlhKgmz6bXb3Tc4=">AAACBHicbZC7TsMwFIZPyq2UW4EFiSWiQmKqEhYYK1hgokj0IjVRcdyT1KrjRLaDVEVd2VnhFdgQK+/Bxshj4F4GaDmSpU//f46P/QcpZ0o7zqdVWFpeWV0rrpc2Nre2d8q7e02VZJJigyY8ke2AKORMYEMzzbGdSiRxwLEVDC7HfusBpWKJuNPDFP2YRIKFjBJtpJZ3waLIG3XLFafqTMpeBHcGldrN/cEXANS75W+vl9AsRqEpJ0p1XCfVfk6kZpTjqORlClNCByTCjkFBYlR+PnnuyD42Ss8OE2mO0PZE/T2Rk1ipYRyYzpjovpr3xuK/nmAUQ0no3H4dnvs5E2mmUdDp+jDjtk7scSJ2j0mkmg8NECqZ+YFN+8Rco01uJRONOx/EIjRPq67hW7dSu4ZpFeEQjuAEXDiDGlxBHRpAYQBP8Awv1qP1ar1Z79PWgjWb2Yc/ZX38AKmKmo8=</latexit><latexit sha1_base64="i+pQTMKsxPrXjOVC1rguB3cZuqI=">AAACBHicbZC7SgNBFIbPeo3xFhVEsFkMglXYtdEyaKOVEcwFskucnZxNhszOLjOzQljS2tvqK9iJbd7DxtoH8AGcXApNPDDw8f/nzJn5g4QzpR3nw1pYXFpeWc2t5dc3Nre2Czu7NRWnkmKVxjyWjYAo5ExgVTPNsZFIJFHAsR70Lkd+/QGlYrG40/0E/Yh0BAsZJdpIde+CdTreoFUoOiVnXPY8uFMolm/uDz6/94eVVuHLa8c0jVBoyolSTddJtJ8RqRnlOMh7qcKE0B7pYNOgIBEqPxs/d2AfG6Vth7E0R2h7rP6eyEikVD8KTGdEdFfNeiPxX08wiqEkdGa/Ds/9jIkk1SjoZH2YclvH9igRu80kUs37BgiVzPzApl1irtEmt7yJxp0NYh5qpyXX8K1bLF/DpHJwCEdwAi6cQRmuoAJVoNCDJ3iGF+vRerXerPdJ64I1ndmDP2UNfwAvcZxV</latexit><latexit sha1_base64="i+pQTMKsxPrXjOVC1rguB3cZuqI=">AAACBHicbZC7SgNBFIbPeo3xFhVEsFkMglXYtdEyaKOVEcwFskucnZxNhszOLjOzQljS2tvqK9iJbd7DxtoH8AGcXApNPDDw8f/nzJn5g4QzpR3nw1pYXFpeWc2t5dc3Nre2Czu7NRWnkmKVxjyWjYAo5ExgVTPNsZFIJFHAsR70Lkd+/QGlYrG40/0E/Yh0BAsZJdpIde+CdTreoFUoOiVnXPY8uFMolm/uDz6/94eVVuHLa8c0jVBoyolSTddJtJ8RqRnlOMh7qcKE0B7pYNOgIBEqPxs/d2AfG6Vth7E0R2h7rP6eyEikVD8KTGdEdFfNeiPxX08wiqEkdGa/Ds/9jIkk1SjoZH2YclvH9igRu80kUs37BgiVzPzApl1irtEmt7yJxp0NYh5qpyXX8K1bLF/DpHJwCEdwAi6cQRmuoAJVoNCDJ3iGF+vRerXerPdJ64I1ndmDP2UNfwAvcZxV</latexit><latexit sha1_base64="LV80wHKtBIGdViUe9p4O2cachZk=">AAACBHicbZC7TsMwFIZPyq2UW4GRxaJCYqoSFhgrWGArEr1ITVQ57klr1XEi20Gqoq7srPAKbIiV9+ANeAzcNgO0HMnSp/8/x8f+w1RwbVz3yymtrW9sbpW3Kzu7e/sH1cOjtk4yxbDFEpGobkg1Ci6xZbgR2E0V0jgU2AnHNzO/84hK80Q+mEmKQUyHkkecUWOljn/Nh0N/2q/W3Lo7L7IKXgE1KKrZr377g4RlMUrDBNW657mpCXKqDGcCpxU/05hSNqZD7FmUNEYd5PPnTsmZVQYkSpQ90pC5+nsip7HWkzi0nTE1I73szcR/PckZRoqypf0mugpyLtPMoGSL9VEmiEnILBEy4AqZERMLlCluf0DYiNprjM2tYqPxloNYhfZF3bN879Uad0VIZTiBUzgHDy6hAbfQhBYwGMMzvMCr8+S8Oe/Ox6K15BQzx/CnnM8f7laYqA==</latexit>

)

<latexit sha1_base64="eU+2TQuoVwkztlhKgmz6bXb3Tc4=">AAACBHicbZC7TsMwFIZPyq2UW4EFiSWiQmKqEhYYK1hgokj0IjVRcdyT1KrjRLaDVEVd2VnhFdgQK+/Bxshj4F4GaDmSpU//f46P/QcpZ0o7zqdVWFpeWV0rrpc2Nre2d8q7e02VZJJigyY8ke2AKORMYEMzzbGdSiRxwLEVDC7HfusBpWKJuNPDFP2YRIKFjBJtpJZ3waLIG3XLFafqTMpeBHcGldrN/cEXANS75W+vl9AsRqEpJ0p1XCfVfk6kZpTjqORlClNCByTCjkFBYlR+PnnuyD42Ss8OE2mO0PZE/T2Rk1ipYRyYzpjovpr3xuK/nmAUQ0no3H4dnvs5E2mmUdDp+jDjtk7scSJ2j0mkmg8NECqZ+YFN+8Rco01uJRONOx/EIjRPq67hW7dSu4ZpFeEQjuAEXDiDGlxBHRpAYQBP8Awv1qP1ar1Z79PWgjWb2Yc/ZX38AKmKmo8=</latexit><latexit sha1_base64="i+pQTMKsxPrXjOVC1rguB3cZuqI=">AAACBHicbZC7SgNBFIbPeo3xFhVEsFkMglXYtdEyaKOVEcwFskucnZxNhszOLjOzQljS2tvqK9iJbd7DxtoH8AGcXApNPDDw8f/nzJn5g4QzpR3nw1pYXFpeWc2t5dc3Nre2Czu7NRWnkmKVxjyWjYAo5ExgVTPNsZFIJFHAsR70Lkd+/QGlYrG40/0E/Yh0BAsZJdpIde+CdTreoFUoOiVnXPY8uFMolm/uDz6/94eVVuHLa8c0jVBoyolSTddJtJ8RqRnlOMh7qcKE0B7pYNOgIBEqPxs/d2AfG6Vth7E0R2h7rP6eyEikVD8KTGdEdFfNeiPxX08wiqEkdGa/Ds/9jIkk1SjoZH2YclvH9igRu80kUs37BgiVzPzApl1irtEmt7yJxp0NYh5qpyXX8K1bLF/DpHJwCEdwAi6cQRmuoAJVoNCDJ3iGF+vRerXerPdJ64I1ndmDP2UNfwAvcZxV</latexit><latexit sha1_base64="i+pQTMKsxPrXjOVC1rguB3cZuqI=">AAACBHicbZC7SgNBFIbPeo3xFhVEsFkMglXYtdEyaKOVEcwFskucnZxNhszOLjOzQljS2tvqK9iJbd7DxtoH8AGcXApNPDDw8f/nzJn5g4QzpR3nw1pYXFpeWc2t5dc3Nre2Czu7NRWnkmKVxjyWjYAo5ExgVTPNsZFIJFHAsR70Lkd+/QGlYrG40/0E/Yh0BAsZJdpIde+CdTreoFUoOiVnXPY8uFMolm/uDz6/94eVVuHLa8c0jVBoyolSTddJtJ8RqRnlOMh7qcKE0B7pYNOgIBEqPxs/d2AfG6Vth7E0R2h7rP6eyEikVD8KTGdEdFfNeiPxX08wiqEkdGa/Ds/9jIkk1SjoZH2YclvH9igRu80kUs37BgiVzPzApl1irtEmt7yJxp0NYh5qpyXX8K1bLF/DpHJwCEdwAi6cQRmuoAJVoNCDJ3iGF+vRerXerPdJ64I1ndmDP2UNfwAvcZxV</latexit><latexit sha1_base64="LV80wHKtBIGdViUe9p4O2cachZk=">AAACBHicbZC7TsMwFIZPyq2UW4GRxaJCYqoSFhgrWGArEr1ITVQ57klr1XEi20Gqoq7srPAKbIiV9+ANeAzcNgO0HMnSp/8/x8f+w1RwbVz3yymtrW9sbpW3Kzu7e/sH1cOjtk4yxbDFEpGobkg1Ci6xZbgR2E0V0jgU2AnHNzO/84hK80Q+mEmKQUyHkkecUWOljn/Nh0N/2q/W3Lo7L7IKXgE1KKrZr377g4RlMUrDBNW657mpCXKqDGcCpxU/05hSNqZD7FmUNEYd5PPnTsmZVQYkSpQ90pC5+nsip7HWkzi0nTE1I73szcR/PckZRoqypf0mugpyLtPMoGSL9VEmiEnILBEy4AqZERMLlCluf0DYiNprjM2tYqPxloNYhfZF3bN879Uad0VIZTiBUzgHDy6hAbfQhBYwGMMzvMCr8+S8Oe/Ox6K15BQzx/CnnM8f7laYqA==</latexit>

r
<latexit sha1_base64="ZWtvH0VdRThh097i16GfL1HTwtI=">AAAB/nicbZDLSgMxFIbP1Futt6pLN8EiuCozItRl0Y3LFuwF2qFk0jNtaCYzJBmhDAX3bvUV3IlbX8U38DFM21lo64HAx/+fk5P8QSK4Nq775RQ2Nre2d4q7pb39g8Oj8vFJW8epYthisYhVN6AaBZfYMtwI7CYKaRQI7ASTu7nfeUSleSwfzDRBP6IjyUPOqLFSUw3KFbfqLoqsg5dDBfJqDMrf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZlDRC7WeLh87IhVWGJIyVPdKQhfp7IqOR1tMosJ0RNWO96s3Ffz3JGYaKspX9JrzxMy6T1KBky/VhKoiJyTwLMuQKmRFTC5Qpbn9A2Jjaa4xNrGSj8VaDWIf2VdWz3Lyu1G/zkIpwBudwCR7UoA730IAWMEB4hhd4dZ6cN+fd+Vi2Fpx85hT+lPP5A3Noliw=</latexit><latexit sha1_base64="ZWtvH0VdRThh097i16GfL1HTwtI=">AAAB/nicbZDLSgMxFIbP1Futt6pLN8EiuCozItRl0Y3LFuwF2qFk0jNtaCYzJBmhDAX3bvUV3IlbX8U38DFM21lo64HAx/+fk5P8QSK4Nq775RQ2Nre2d4q7pb39g8Oj8vFJW8epYthisYhVN6AaBZfYMtwI7CYKaRQI7ASTu7nfeUSleSwfzDRBP6IjyUPOqLFSUw3KFbfqLoqsg5dDBfJqDMrf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZlDRC7WeLh87IhVWGJIyVPdKQhfp7IqOR1tMosJ0RNWO96s3Ffz3JGYaKspX9JrzxMy6T1KBky/VhKoiJyTwLMuQKmRFTC5Qpbn9A2Jjaa4xNrGSj8VaDWIf2VdWz3Lyu1G/zkIpwBudwCR7UoA730IAWMEB4hhd4dZ6cN+fd+Vi2Fpx85hT+lPP5A3Noliw=</latexit><latexit sha1_base64="ZWtvH0VdRThh097i16GfL1HTwtI=">AAAB/nicbZDLSgMxFIbP1Futt6pLN8EiuCozItRl0Y3LFuwF2qFk0jNtaCYzJBmhDAX3bvUV3IlbX8U38DFM21lo64HAx/+fk5P8QSK4Nq775RQ2Nre2d4q7pb39g8Oj8vFJW8epYthisYhVN6AaBZfYMtwI7CYKaRQI7ASTu7nfeUSleSwfzDRBP6IjyUPOqLFSUw3KFbfqLoqsg5dDBfJqDMrf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZlDRC7WeLh87IhVWGJIyVPdKQhfp7IqOR1tMosJ0RNWO96s3Ffz3JGYaKspX9JrzxMy6T1KBky/VhKoiJyTwLMuQKmRFTC5Qpbn9A2Jjaa4xNrGSj8VaDWIf2VdWz3Lyu1G/zkIpwBudwCR7UoA730IAWMEB4hhd4dZ6cN+fd+Vi2Fpx85hT+lPP5A3Noliw=</latexit><latexit sha1_base64="ZWtvH0VdRThh097i16GfL1HTwtI=">AAAB/nicbZDLSgMxFIbP1Futt6pLN8EiuCozItRl0Y3LFuwF2qFk0jNtaCYzJBmhDAX3bvUV3IlbX8U38DFM21lo64HAx/+fk5P8QSK4Nq775RQ2Nre2d4q7pb39g8Oj8vFJW8epYthisYhVN6AaBZfYMtwI7CYKaRQI7ASTu7nfeUSleSwfzDRBP6IjyUPOqLFSUw3KFbfqLoqsg5dDBfJqDMrf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZlDRC7WeLh87IhVWGJIyVPdKQhfp7IqOR1tMosJ0RNWO96s3Ffz3JGYaKspX9JrzxMy6T1KBky/VhKoiJyTwLMuQKmRFTC5Qpbn9A2Jjaa4xNrGSj8VaDWIf2VdWz3Lyu1G/zkIpwBudwCR7UoA730IAWMEB4hhd4dZ6cN+fd+Vi2Fpx85hT+lPP5A3Noliw=</latexit>

i
r = tails

<latexit sha1_base64="ZoTEv5kdP//qOFpVTgWaBWkVq3g=">AAACEHicbVDLSgMxFM34rPU11aWbYBFclRkRdKFQcOOygn1AO5RMeqcNTTJDklHK0J9w71Z/wZ249Q/8Az/DTDsLbT0QOJxzXzlhwpk2nvflrKyurW9slrbK2zu7e/tu5aCl41RRaNKYx6oTEg2cSWgaZjh0EgVEhBza4fgm99sPoDSL5b2ZJBAIMpQsYpQYK/XdirrGPUHMSInMEMb1tO9WvZo3A14mfkGqqECj7373BjFNBUhDOdG663uJCTKiDKMcpuVeqiEhdEyG0LVUEgE6yGanT/GJVQY4ipV90uCZ+rsjI0LriQhtZX6lXvRy8V9PMgqRInRhv4kug4zJJDUg6Xx9lHJsYpyngwdMATV8YgmhitkfYDoidoyxGZZtNP5iEMukdVbzLb87r9avipBK6Agdo1PkowtUR7eogZqIokf0jF7Qq/PkvDnvzse8dMUpeg7RHzifP5cxnU4=</latexit><latexit sha1_base64="ZoTEv5kdP//qOFpVTgWaBWkVq3g=">AAACEHicbVDLSgMxFM34rPU11aWbYBFclRkRdKFQcOOygn1AO5RMeqcNTTJDklHK0J9w71Z/wZ249Q/8Az/DTDsLbT0QOJxzXzlhwpk2nvflrKyurW9slrbK2zu7e/tu5aCl41RRaNKYx6oTEg2cSWgaZjh0EgVEhBza4fgm99sPoDSL5b2ZJBAIMpQsYpQYK/XdirrGPUHMSInMEMb1tO9WvZo3A14mfkGqqECj7373BjFNBUhDOdG663uJCTKiDKMcpuVeqiEhdEyG0LVUEgE6yGanT/GJVQY4ipV90uCZ+rsjI0LriQhtZX6lXvRy8V9PMgqRInRhv4kug4zJJDUg6Xx9lHJsYpyngwdMATV8YgmhitkfYDoidoyxGZZtNP5iEMukdVbzLb87r9avipBK6Agdo1PkowtUR7eogZqIokf0jF7Qq/PkvDnvzse8dMUpeg7RHzifP5cxnU4=</latexit><latexit sha1_base64="ZoTEv5kdP//qOFpVTgWaBWkVq3g=">AAACEHicbVDLSgMxFM34rPU11aWbYBFclRkRdKFQcOOygn1AO5RMeqcNTTJDklHK0J9w71Z/wZ249Q/8Az/DTDsLbT0QOJxzXzlhwpk2nvflrKyurW9slrbK2zu7e/tu5aCl41RRaNKYx6oTEg2cSWgaZjh0EgVEhBza4fgm99sPoDSL5b2ZJBAIMpQsYpQYK/XdirrGPUHMSInMEMb1tO9WvZo3A14mfkGqqECj7373BjFNBUhDOdG663uJCTKiDKMcpuVeqiEhdEyG0LVUEgE6yGanT/GJVQY4ipV90uCZ+rsjI0LriQhtZX6lXvRy8V9PMgqRInRhv4kug4zJJDUg6Xx9lHJsYpyngwdMATV8YgmhitkfYDoidoyxGZZtNP5iEMukdVbzLb87r9avipBK6Agdo1PkowtUR7eogZqIokf0jF7Qq/PkvDnvzse8dMUpeg7RHzifP5cxnU4=</latexit><latexit sha1_base64="ZoTEv5kdP//qOFpVTgWaBWkVq3g=">AAACEHicbVDLSgMxFM34rPU11aWbYBFclRkRdKFQcOOygn1AO5RMeqcNTTJDklHK0J9w71Z/wZ249Q/8Az/DTDsLbT0QOJxzXzlhwpk2nvflrKyurW9slrbK2zu7e/tu5aCl41RRaNKYx6oTEg2cSWgaZjh0EgVEhBza4fgm99sPoDSL5b2ZJBAIMpQsYpQYK/XdirrGPUHMSInMEMb1tO9WvZo3A14mfkGqqECj7373BjFNBUhDOdG663uJCTKiDKMcpuVeqiEhdEyG0LVUEgE6yGanT/GJVQY4ipV90uCZ+rsjI0LriQhtZX6lXvRy8V9PMgqRInRhv4kug4zJJDUg6Xx9lHJsYpyngwdMATV8YgmhitkfYDoidoyxGZZtNP5iEMukdVbzLb87r9avipBK6Agdo1PkowtUR7eogZqIokf0jF7Qq/PkvDnvzse8dMUpeg7RHzifP5cxnU4=</latexit>

i
r = heads

<latexit sha1_base64="7MjXx2IGU7dNBvj451d73xxLe+0=">AAACEHicbVDLSgMxFM34rPU11aWbYBFclRkRdKFQcOOygn1AO5RMeqcNTTJDklHK0J9w71Z/wZ249Q/8Az/DTDsLbT0QOJxzXzlhwpk2nvflrKyurW9slrbK2zu7e/tu5aCl41RRaNKYx6oTEg2cSWgaZjh0EgVEhBza4fgm99sPoDSL5b2ZJBAIMpQsYpQYK/XdirrGPUHMSIlsBGSgp3236tW8GfAy8QtSRQUaffe7N4hpKkAayonWXd9LTJARZRjlMC33Ug0JoWMyhK6lkgjQQTY7fYpPrDLAUazskwbP1N8dGRFaT0RoK/Mr9aKXi/96klGIFKEL+010GWRMJqkBSefro5RjE+M8HTxgCqjhE0sIVcz+ANMRsWOMzbBso/EXg1gmrbOab/ndebV+VYRUQkfoGJ0iH12gOrpFDdREFD2iZ/SCXp0n5815dz7mpStO0XOI/sD5/AFwbZ02</latexit><latexit sha1_base64="7MjXx2IGU7dNBvj451d73xxLe+0=">AAACEHicbVDLSgMxFM34rPU11aWbYBFclRkRdKFQcOOygn1AO5RMeqcNTTJDklHK0J9w71Z/wZ249Q/8Az/DTDsLbT0QOJxzXzlhwpk2nvflrKyurW9slrbK2zu7e/tu5aCl41RRaNKYx6oTEg2cSWgaZjh0EgVEhBza4fgm99sPoDSL5b2ZJBAIMpQsYpQYK/XdirrGPUHMSIlsBGSgp3236tW8GfAy8QtSRQUaffe7N4hpKkAayonWXd9LTJARZRjlMC33Ug0JoWMyhK6lkgjQQTY7fYpPrDLAUazskwbP1N8dGRFaT0RoK/Mr9aKXi/96klGIFKEL+010GWRMJqkBSefro5RjE+M8HTxgCqjhE0sIVcz+ANMRsWOMzbBso/EXg1gmrbOab/ndebV+VYRUQkfoGJ0iH12gOrpFDdREFD2iZ/SCXp0n5815dz7mpStO0XOI/sD5/AFwbZ02</latexit><latexit sha1_base64="7MjXx2IGU7dNBvj451d73xxLe+0=">AAACEHicbVDLSgMxFM34rPU11aWbYBFclRkRdKFQcOOygn1AO5RMeqcNTTJDklHK0J9w71Z/wZ249Q/8Az/DTDsLbT0QOJxzXzlhwpk2nvflrKyurW9slrbK2zu7e/tu5aCl41RRaNKYx6oTEg2cSWgaZjh0EgVEhBza4fgm99sPoDSL5b2ZJBAIMpQsYpQYK/XdirrGPUHMSIlsBGSgp3236tW8GfAy8QtSRQUaffe7N4hpKkAayonWXd9LTJARZRjlMC33Ug0JoWMyhK6lkgjQQTY7fYpPrDLAUazskwbP1N8dGRFaT0RoK/Mr9aKXi/96klGIFKEL+010GWRMJqkBSefro5RjE+M8HTxgCqjhE0sIVcz+ANMRsWOMzbBso/EXg1gmrbOab/ndebV+VYRUQkfoGJ0iH12gOrpFDdREFD2iZ/SCXp0n5815dz7mpStO0XOI/sD5/AFwbZ02</latexit><latexit sha1_base64="7MjXx2IGU7dNBvj451d73xxLe+0=">AAACEHicbVDLSgMxFM34rPU11aWbYBFclRkRdKFQcOOygn1AO5RMeqcNTTJDklHK0J9w71Z/wZ249Q/8Az/DTDsLbT0QOJxzXzlhwpk2nvflrKyurW9slrbK2zu7e/tu5aCl41RRaNKYx6oTEg2cSWgaZjh0EgVEhBza4fgm99sPoDSL5b2ZJBAIMpQsYpQYK/XdirrGPUHMSIlsBGSgp3236tW8GfAy8QtSRQUaffe7N4hpKkAayonWXd9LTJARZRjlMC33Ug0JoWMyhK6lkgjQQTY7fYpPrDLAUazskwbP1N8dGRFaT0RoK/Mr9aKXi/96klGIFKEL+010GWRMJqkBSefro5RjE+M8HTxgCqjhE0sIVcz+ANMRsWOMzbBso/EXg1gmrbOab/ndebV+VYRUQkfoGJ0iH12gOrpFDdREFD2iZ/SCXp0n5815dz7mpStO0XOI/sD5/AFwbZ02</latexit>

w̄ =
<latexit sha1_base64="BSDWK75BkJzv4FnbhGJ05CQkEgc=">AAACBnicbZDLSgMxFIbP1Futt6pLN8EiuCozIuhCoeDGZQV7kXYomfRMG5rJDElGKUP37t3qK7gTt76Gb+BjmLaz0OqBwMf/n5OT/EEiuDau++kUlpZXVteK66WNza3tnfLuXlPHqWLYYLGIVTugGgWX2DDcCGwnCmkUCGwFo6up37pHpXksb804QT+iA8lDzqix0l03oCp7mJDLXrniVt1Zkb/g5VCBvOq98le3H7M0QmmYoFp3PDcxfkaV4UzgpNRNNSaUjegAOxYljVD72ezBE3JklT4JY2WPNGSm/pzIaKT1OApsZ0TNUC96U/FfT3KGoaJsYb8Jz/2MyyQ1KNl8fZgKYmIyzYT0uUJmxNgCZYrbHxA2pPYaY5Mr2Wi8xSD+QvOk6lm+Oa3ULvKQinAAh3AMHpxBDa6hDg1gEMETPMOL8+i8Om/O+7y14OQz+/CrnI9vVNOZYQ==</latexit><latexit sha1_base64="BSDWK75BkJzv4FnbhGJ05CQkEgc=">AAACBnicbZDLSgMxFIbP1Futt6pLN8EiuCozIuhCoeDGZQV7kXYomfRMG5rJDElGKUP37t3qK7gTt76Gb+BjmLaz0OqBwMf/n5OT/EEiuDau++kUlpZXVteK66WNza3tnfLuXlPHqWLYYLGIVTugGgWX2DDcCGwnCmkUCGwFo6up37pHpXksb804QT+iA8lDzqix0l03oCp7mJDLXrniVt1Zkb/g5VCBvOq98le3H7M0QmmYoFp3PDcxfkaV4UzgpNRNNSaUjegAOxYljVD72ezBE3JklT4JY2WPNGSm/pzIaKT1OApsZ0TNUC96U/FfT3KGoaJsYb8Jz/2MyyQ1KNl8fZgKYmIyzYT0uUJmxNgCZYrbHxA2pPYaY5Mr2Wi8xSD+QvOk6lm+Oa3ULvKQinAAh3AMHpxBDa6hDg1gEMETPMOL8+i8Om/O+7y14OQz+/CrnI9vVNOZYQ==</latexit><latexit sha1_base64="BSDWK75BkJzv4FnbhGJ05CQkEgc=">AAACBnicbZDLSgMxFIbP1Futt6pLN8EiuCozIuhCoeDGZQV7kXYomfRMG5rJDElGKUP37t3qK7gTt76Gb+BjmLaz0OqBwMf/n5OT/EEiuDau++kUlpZXVteK66WNza3tnfLuXlPHqWLYYLGIVTugGgWX2DDcCGwnCmkUCGwFo6up37pHpXksb804QT+iA8lDzqix0l03oCp7mJDLXrniVt1Zkb/g5VCBvOq98le3H7M0QmmYoFp3PDcxfkaV4UzgpNRNNSaUjegAOxYljVD72ezBE3JklT4JY2WPNGSm/pzIaKT1OApsZ0TNUC96U/FfT3KGoaJsYb8Jz/2MyyQ1KNl8fZgKYmIyzYT0uUJmxNgCZYrbHxA2pPYaY5Mr2Wi8xSD+QvOk6lm+Oa3ULvKQinAAh3AMHpxBDa6hDg1gEMETPMOL8+i8Om/O+7y14OQz+/CrnI9vVNOZYQ==</latexit><latexit sha1_base64="BSDWK75BkJzv4FnbhGJ05CQkEgc=">AAACBnicbZDLSgMxFIbP1Futt6pLN8EiuCozIuhCoeDGZQV7kXYomfRMG5rJDElGKUP37t3qK7gTt76Gb+BjmLaz0OqBwMf/n5OT/EEiuDau++kUlpZXVteK66WNza3tnfLuXlPHqWLYYLGIVTugGgWX2DDcCGwnCmkUCGwFo6up37pHpXksb804QT+iA8lDzqix0l03oCp7mJDLXrniVt1Zkb/g5VCBvOq98le3H7M0QmmYoFp3PDcxfkaV4UzgpNRNNSaUjegAOxYljVD72ezBE3JklT4JY2WPNGSm/pzIaKT1OApsZ0TNUC96U/FfT3KGoaJsYb8Jz/2MyyQ1KNl8fZgKYmIyzYT0uUJmxNgCZYrbHxA2pPYaY5Mr2Wi8xSD+QvOk6lm+Oa3ULvKQinAAh3AMHpxBDa6hDg1gEMETPMOL8+i8Om/O+7y14OQz+/CrnI9vVNOZYQ==</latexit>

w =
<latexit sha1_base64="tHZ20hlAuv3U4xz0BT856KN6YjI=">AAACAXicbZDLSgMxFIbP1Futt6pLN8EiuCozIuhCoeDGZQV7gXYomfRMG5rJDElGKaUr9271FdyJW5/EN/AxzLSz0NYDgY//Pycn+YNEcG1c98sprKyurW8UN0tb2zu7e+X9g6aOU8WwwWIRq3ZANQousWG4EdhOFNIoENgKRjeZ33pApXks7804QT+iA8lDzqjJpEdyTXrlilt1Z0WWwcuhAnnVe+Xvbj9maYTSMEG17nhuYvwJVYYzgdNSN9WYUDaiA+xYlDRC7U9mb52SE6v0SRgre6QhM/X3xIRGWo+jwHZG1Az1opeJ/3qSMwwVZQv7TXjpT7hMUoOSzdeHqSAmJlkcpM8VMiPGFihT3P6AsCG11xgbWslG4y0GsQzNs6pn+e68UrvKQyrCERzDKXhwATW4hTo0gMEQnuEFXp0n5815dz7mrQUnnzmEP+V8/gCys5bG</latexit><latexit sha1_base64="tHZ20hlAuv3U4xz0BT856KN6YjI=">AAACAXicbZDLSgMxFIbP1Futt6pLN8EiuCozIuhCoeDGZQV7gXYomfRMG5rJDElGKaUr9271FdyJW5/EN/AxzLSz0NYDgY//Pycn+YNEcG1c98sprKyurW8UN0tb2zu7e+X9g6aOU8WwwWIRq3ZANQousWG4EdhOFNIoENgKRjeZ33pApXks7804QT+iA8lDzqjJpEdyTXrlilt1Z0WWwcuhAnnVe+Xvbj9maYTSMEG17nhuYvwJVYYzgdNSN9WYUDaiA+xYlDRC7U9mb52SE6v0SRgre6QhM/X3xIRGWo+jwHZG1Az1opeJ/3qSMwwVZQv7TXjpT7hMUoOSzdeHqSAmJlkcpM8VMiPGFihT3P6AsCG11xgbWslG4y0GsQzNs6pn+e68UrvKQyrCERzDKXhwATW4hTo0gMEQnuEFXp0n5815dz7mrQUnnzmEP+V8/gCys5bG</latexit><latexit sha1_base64="tHZ20hlAuv3U4xz0BT856KN6YjI=">AAACAXicbZDLSgMxFIbP1Futt6pLN8EiuCozIuhCoeDGZQV7gXYomfRMG5rJDElGKaUr9271FdyJW5/EN/AxzLSz0NYDgY//Pycn+YNEcG1c98sprKyurW8UN0tb2zu7e+X9g6aOU8WwwWIRq3ZANQousWG4EdhOFNIoENgKRjeZ33pApXks7804QT+iA8lDzqjJpEdyTXrlilt1Z0WWwcuhAnnVe+Xvbj9maYTSMEG17nhuYvwJVYYzgdNSN9WYUDaiA+xYlDRC7U9mb52SE6v0SRgre6QhM/X3xIRGWo+jwHZG1Az1opeJ/3qSMwwVZQv7TXjpT7hMUoOSzdeHqSAmJlkcpM8VMiPGFihT3P6AsCG11xgbWslG4y0GsQzNs6pn+e68UrvKQyrCERzDKXhwATW4hTo0gMEQnuEFXp0n5815dz7mrQUnnzmEP+V8/gCys5bG</latexit><latexit sha1_base64="tHZ20hlAuv3U4xz0BT856KN6YjI=">AAACAXicbZDLSgMxFIbP1Futt6pLN8EiuCozIuhCoeDGZQV7gXYomfRMG5rJDElGKaUr9271FdyJW5/EN/AxzLSz0NYDgY//Pycn+YNEcG1c98sprKyurW8UN0tb2zu7e+X9g6aOU8WwwWIRq3ZANQousWG4EdhOFNIoENgKRjeZ33pApXks7804QT+iA8lDzqjJpEdyTXrlilt1Z0WWwcuhAnnVe+Xvbj9maYTSMEG17nhuYvwJVYYzgdNSN9WYUDaiA+xYlDRC7U9mb52SE6v0SRgre6QhM/X3xIRGWo+jwHZG1Az1opeJ/3qSMwwVZQv7TXjpT7hMUoOSzdeHqSAmJlkcpM8VMiPGFihT3P6AsCG11xgbWslG4y0GsQzNs6pn+e68UrvKQyrCERzDKXhwATW4hTo0gMEQnuEFXp0n5815dz7mrQUnnzmEP+V8/gCys5bG</latexit>z =
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