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Understanding decoherence

Suppose we have a qubit that we want to measure
| i = a|0i+ b|1i

<latexit sha1_base64="kY3tVM+ZqMp2D51EnE5MJjrHAeg=">AAACFnicbVDLSgMxFM3UV62vUZduLhZBEMuMCLoRim5cVrAPaIeSSTNtaCYzJBmhTPsVbvwVNy4UcSvu/BvTdhRtPRA495x7ubnHjzlT2nE+rdzC4tLySn61sLa+sbllb+/UVJRIQqsk4pFs+FhRzgStaqY5bcSS4tDntO73r8Z+/Y5KxSJxqwcx9ULcFSxgBGsjte3jIbRixaAlsehyCheAYQjOT30EPgzd77JtF52SMwHMEzcjRZSh0rY/Wp2IJCEVmnCsVNN1Yu2lWGpGOB0VWomiMSZ93KVNQwUOqfLSyVkjODBKB4JImic0TNTfEykOlRqEvukMse6pWW8s/uc1Ex2ceykTcaKpINNFQcJBRzDOCDpMUqL5wBBMJDN/BdLDEhNtkiyYENzZk+dJ7aTkOiX35rRYvsziyKM9tI8OkYvOUBldowqqIoLu0SN6Ri/Wg/VkvVpv09aclc3soj+w3r8AUg6c9A==</latexit><latexit sha1_base64="kY3tVM+ZqMp2D51EnE5MJjrHAeg=">AAACFnicbVDLSgMxFM3UV62vUZduLhZBEMuMCLoRim5cVrAPaIeSSTNtaCYzJBmhTPsVbvwVNy4UcSvu/BvTdhRtPRA495x7ubnHjzlT2nE+rdzC4tLySn61sLa+sbllb+/UVJRIQqsk4pFs+FhRzgStaqY5bcSS4tDntO73r8Z+/Y5KxSJxqwcx9ULcFSxgBGsjte3jIbRixaAlsehyCheAYQjOT30EPgzd77JtF52SMwHMEzcjRZSh0rY/Wp2IJCEVmnCsVNN1Yu2lWGpGOB0VWomiMSZ93KVNQwUOqfLSyVkjODBKB4JImic0TNTfEykOlRqEvukMse6pWW8s/uc1Ex2ceykTcaKpINNFQcJBRzDOCDpMUqL5wBBMJDN/BdLDEhNtkiyYENzZk+dJ7aTkOiX35rRYvsziyKM9tI8OkYvOUBldowqqIoLu0SN6Ri/Wg/VkvVpv09aclc3soj+w3r8AUg6c9A==</latexit><latexit sha1_base64="kY3tVM+ZqMp2D51EnE5MJjrHAeg=">AAACFnicbVDLSgMxFM3UV62vUZduLhZBEMuMCLoRim5cVrAPaIeSSTNtaCYzJBmhTPsVbvwVNy4UcSvu/BvTdhRtPRA495x7ubnHjzlT2nE+rdzC4tLySn61sLa+sbllb+/UVJRIQqsk4pFs+FhRzgStaqY5bcSS4tDntO73r8Z+/Y5KxSJxqwcx9ULcFSxgBGsjte3jIbRixaAlsehyCheAYQjOT30EPgzd77JtF52SMwHMEzcjRZSh0rY/Wp2IJCEVmnCsVNN1Yu2lWGpGOB0VWomiMSZ93KVNQwUOqfLSyVkjODBKB4JImic0TNTfEykOlRqEvukMse6pWW8s/uc1Ex2ceykTcaKpINNFQcJBRzDOCDpMUqL5wBBMJDN/BdLDEhNtkiyYENzZk+dJ7aTkOiX35rRYvsziyKM9tI8OkYvOUBldowqqIoLu0SN6Ri/Wg/VkvVpv09aclc3soj+w3r8AUg6c9A==</latexit><latexit sha1_base64="kY3tVM+ZqMp2D51EnE5MJjrHAeg=">AAACFnicbVDLSgMxFM3UV62vUZduLhZBEMuMCLoRim5cVrAPaIeSSTNtaCYzJBmhTPsVbvwVNy4UcSvu/BvTdhRtPRA495x7ubnHjzlT2nE+rdzC4tLySn61sLa+sbllb+/UVJRIQqsk4pFs+FhRzgStaqY5bcSS4tDntO73r8Z+/Y5KxSJxqwcx9ULcFSxgBGsjte3jIbRixaAlsehyCheAYQjOT30EPgzd77JtF52SMwHMEzcjRZSh0rY/Wp2IJCEVmnCsVNN1Yu2lWGpGOB0VWomiMSZ93KVNQwUOqfLSyVkjODBKB4JImic0TNTfEykOlRqEvukMse6pWW8s/uc1Ex2ceykTcaKpINNFQcJBRzDOCDpMUqL5wBBMJDN/BdLDEhNtkiyYENzZk+dJ7aTkOiX35rRYvsziyKM9tI8OkYvOUBldowqqIoLu0SN6Ri/Wg/VkvVpv09aclc3soj+w3r8AUg6c9A==</latexit>

What does the state of the universe (me + qubit) look like?

| i
<latexit sha1_base64="mFLzTGCBIgob+EOhZk49qa5B08c=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaWDbbSbt0swm7G6XE/g8vHhTx6n/x5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0PfVbD6g0j+WdGSfoR3QgecgZNVa6fyLdRHPSVVQOBPbKFbfqzkCWiZeTCuSo98pf3X7M0gilYYJq3fHcxPgZVYYzgZNSN9WYUDaiA+xYKmmE2s9mV0/IiVX6JIyVLWnITP09kdFI63EU2M6ImqFe9Kbif14nNeGln3GZpAYlmy8KU0FMTKYRkD5XyIwYW0KZ4vZWwoZUUWZsUCUbgrf48jJpnlU9t+rdnldqV3kcRTiCYzgFDy6gBjdQhwYwUPAMr/DmPDovzrvzMW8tOPnMIfyB8/kDHECSPw==</latexit><latexit sha1_base64="mFLzTGCBIgob+EOhZk49qa5B08c=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaWDbbSbt0swm7G6XE/g8vHhTx6n/x5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0PfVbD6g0j+WdGSfoR3QgecgZNVa6fyLdRHPSVVQOBPbKFbfqzkCWiZeTCuSo98pf3X7M0gilYYJq3fHcxPgZVYYzgZNSN9WYUDaiA+xYKmmE2s9mV0/IiVX6JIyVLWnITP09kdFI63EU2M6ImqFe9Kbif14nNeGln3GZpAYlmy8KU0FMTKYRkD5XyIwYW0KZ4vZWwoZUUWZsUCUbgrf48jJpnlU9t+rdnldqV3kcRTiCYzgFDy6gBjdQhwYwUPAMr/DmPDovzrvzMW8tOPnMIfyB8/kDHECSPw==</latexit><latexit sha1_base64="mFLzTGCBIgob+EOhZk49qa5B08c=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaWDbbSbt0swm7G6XE/g8vHhTx6n/x5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0PfVbD6g0j+WdGSfoR3QgecgZNVa6fyLdRHPSVVQOBPbKFbfqzkCWiZeTCuSo98pf3X7M0gilYYJq3fHcxPgZVYYzgZNSN9WYUDaiA+xYKmmE2s9mV0/IiVX6JIyVLWnITP09kdFI63EU2M6ImqFe9Kbif14nNeGln3GZpAYlmy8KU0FMTKYRkD5XyIwYW0KZ4vZWwoZUUWZsUCUbgrf48jJpnlU9t+rdnldqV3kcRTiCYzgFDy6gBjdQhwYwUPAMr/DmPDovzrvzMW8tOPnMIfyB8/kDHECSPw==</latexit><latexit sha1_base64="mFLzTGCBIgob+EOhZk49qa5B08c=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaWDbbSbt0swm7G6XE/g8vHhTx6n/x5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0PfVbD6g0j+WdGSfoR3QgecgZNVa6fyLdRHPSVVQOBPbKFbfqzkCWiZeTCuSo98pf3X7M0gilYYJq3fHcxPgZVYYzgZNSN9WYUDaiA+xYKmmE2s9mV0/IiVX6JIyVLWnITP09kdFI63EU2M6ImqFe9Kbif14nNeGln3GZpAYlmy8KU0FMTKYRkD5XyIwYW0KZ4vZWwoZUUWZsUCUbgrf48jJpnlU9t+rdnldqV3kcRTiCYzgFDy6gBjdQhwYwUPAMr/DmPDovzrvzMW8tOPnMIfyB8/kDHECSPw==</latexit>

Measuring the qubit means interacting with it



Understanding decoherence

| i
<latexit sha1_base64="mFLzTGCBIgob+EOhZk49qa5B08c=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaWDbbSbt0swm7G6XE/g8vHhTx6n/x5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0PfVbD6g0j+WdGSfoR3QgecgZNVa6fyLdRHPSVVQOBPbKFbfqzkCWiZeTCuSo98pf3X7M0gilYYJq3fHcxPgZVYYzgZNSN9WYUDaiA+xYKmmE2s9mV0/IiVX6JIyVLWnITP09kdFI63EU2M6ImqFe9Kbif14nNeGln3GZpAYlmy8KU0FMTKYRkD5XyIwYW0KZ4vZWwoZUUWZsUCUbgrf48jJpnlU9t+rdnldqV3kcRTiCYzgFDy6gBjdQhwYwUPAMr/DmPDovzrvzMW8tOPnMIfyB8/kDHECSPw==</latexit><latexit sha1_base64="mFLzTGCBIgob+EOhZk49qa5B08c=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaWDbbSbt0swm7G6XE/g8vHhTx6n/x5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0PfVbD6g0j+WdGSfoR3QgecgZNVa6fyLdRHPSVVQOBPbKFbfqzkCWiZeTCuSo98pf3X7M0gilYYJq3fHcxPgZVYYzgZNSN9WYUDaiA+xYKmmE2s9mV0/IiVX6JIyVLWnITP09kdFI63EU2M6ImqFe9Kbif14nNeGln3GZpAYlmy8KU0FMTKYRkD5XyIwYW0KZ4vZWwoZUUWZsUCUbgrf48jJpnlU9t+rdnldqV3kcRTiCYzgFDy6gBjdQhwYwUPAMr/DmPDovzrvzMW8tOPnMIfyB8/kDHECSPw==</latexit><latexit sha1_base64="mFLzTGCBIgob+EOhZk49qa5B08c=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaWDbbSbt0swm7G6XE/g8vHhTx6n/x5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0PfVbD6g0j+WdGSfoR3QgecgZNVa6fyLdRHPSVVQOBPbKFbfqzkCWiZeTCuSo98pf3X7M0gilYYJq3fHcxPgZVYYzgZNSN9WYUDaiA+xYKmmE2s9mV0/IiVX6JIyVLWnITP09kdFI63EU2M6ImqFe9Kbif14nNeGln3GZpAYlmy8KU0FMTKYRkD5XyIwYW0KZ4vZWwoZUUWZsUCUbgrf48jJpnlU9t+rdnldqV3kcRTiCYzgFDy6gBjdQhwYwUPAMr/DmPDovzrvzMW8tOPnMIfyB8/kDHECSPw==</latexit><latexit sha1_base64="mFLzTGCBIgob+EOhZk49qa5B08c=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaWDbbSbt0swm7G6XE/g8vHhTx6n/x5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0PfVbD6g0j+WdGSfoR3QgecgZNVa6fyLdRHPSVVQOBPbKFbfqzkCWiZeTCuSo98pf3X7M0gilYYJq3fHcxPgZVYYzgZNSN9WYUDaiA+xYKmmE2s9mV0/IiVX6JIyVLWnITP09kdFI63EU2M6ImqFe9Kbif14nNeGln3GZpAYlmy8KU0FMTKYRkD5XyIwYW0KZ4vZWwoZUUWZsUCUbgrf48jJpnlU9t+rdnldqV3kcRTiCYzgFDy6gBjdQhwYwUPAMr/DmPDovzrvzMW8tOPnMIfyB8/kDHECSPw==</latexit>



Understanding decoherence

(a|0i+ b|1i)
<latexit sha1_base64="ZigcX72J+MJU3J53NkVgnbo3OO0=">AAACB3icbVDLSgMxFM3UV62vUZeCBItQEcqMCLosunFZwT6gHcqdNNOGZjJDkhHKtDs3/oobF4q49Rfc+Tem7QjaeuDCyTn3knuPH3OmtON8Wbml5ZXVtfx6YWNza3vH3t2rqyiRhNZIxCPZ9EFRzgStaaY5bcaSQuhz2vAH1xO/cU+lYpG408OYeiH0BAsYAW2kjn1YAjxycFuC6HGKT7GPR9j9eZ907KJTdqbAi8TNSBFlqHbsz3Y3IklIhSYclGq5Tqy9FKRmhNNxoZ0oGgMZQI+2DBUQUuWl0zvG+NgoXRxE0pTQeKr+nkghVGoY+qYzBN1X895E/M9rJTq49FIm4kRTQWYfBQnHOsKTUHCXSUo0HxoCRDKzKyZ9kEC0ia5gQnDnT14k9bOy65Td2/Ni5SqLI48O0BEqIRddoAq6QVVUQwQ9oCf0gl6tR+vZerPeZ605K5vZR39gfXwDNCqW+Q==</latexit><latexit sha1_base64="ZigcX72J+MJU3J53NkVgnbo3OO0=">AAACB3icbVDLSgMxFM3UV62vUZeCBItQEcqMCLosunFZwT6gHcqdNNOGZjJDkhHKtDs3/oobF4q49Rfc+Tem7QjaeuDCyTn3knuPH3OmtON8Wbml5ZXVtfx6YWNza3vH3t2rqyiRhNZIxCPZ9EFRzgStaaY5bcaSQuhz2vAH1xO/cU+lYpG408OYeiH0BAsYAW2kjn1YAjxycFuC6HGKT7GPR9j9eZ907KJTdqbAi8TNSBFlqHbsz3Y3IklIhSYclGq5Tqy9FKRmhNNxoZ0oGgMZQI+2DBUQUuWl0zvG+NgoXRxE0pTQeKr+nkghVGoY+qYzBN1X895E/M9rJTq49FIm4kRTQWYfBQnHOsKTUHCXSUo0HxoCRDKzKyZ9kEC0ia5gQnDnT14k9bOy65Td2/Ni5SqLI48O0BEqIRddoAq6QVVUQwQ9oCf0gl6tR+vZerPeZ605K5vZR39gfXwDNCqW+Q==</latexit><latexit sha1_base64="ZigcX72J+MJU3J53NkVgnbo3OO0=">AAACB3icbVDLSgMxFM3UV62vUZeCBItQEcqMCLosunFZwT6gHcqdNNOGZjJDkhHKtDs3/oobF4q49Rfc+Tem7QjaeuDCyTn3knuPH3OmtON8Wbml5ZXVtfx6YWNza3vH3t2rqyiRhNZIxCPZ9EFRzgStaaY5bcaSQuhz2vAH1xO/cU+lYpG408OYeiH0BAsYAW2kjn1YAjxycFuC6HGKT7GPR9j9eZ907KJTdqbAi8TNSBFlqHbsz3Y3IklIhSYclGq5Tqy9FKRmhNNxoZ0oGgMZQI+2DBUQUuWl0zvG+NgoXRxE0pTQeKr+nkghVGoY+qYzBN1X895E/M9rJTq49FIm4kRTQWYfBQnHOsKTUHCXSUo0HxoCRDKzKyZ9kEC0ia5gQnDnT14k9bOy65Td2/Ni5SqLI48O0BEqIRddoAq6QVVUQwQ9oCf0gl6tR+vZerPeZ605K5vZR39gfXwDNCqW+Q==</latexit><latexit sha1_base64="ZigcX72J+MJU3J53NkVgnbo3OO0=">AAACB3icbVDLSgMxFM3UV62vUZeCBItQEcqMCLosunFZwT6gHcqdNNOGZjJDkhHKtDs3/oobF4q49Rfc+Tem7QjaeuDCyTn3knuPH3OmtON8Wbml5ZXVtfx6YWNza3vH3t2rqyiRhNZIxCPZ9EFRzgStaaY5bcaSQuhz2vAH1xO/cU+lYpG408OYeiH0BAsYAW2kjn1YAjxycFuC6HGKT7GPR9j9eZ907KJTdqbAi8TNSBFlqHbsz3Y3IklIhSYclGq5Tqy9FKRmhNNxoZ0oGgMZQI+2DBUQUuWl0zvG+NgoXRxE0pTQeKr+nkghVGoY+qYzBN1X895E/M9rJTq49FIm4kRTQWYfBQnHOsKTUHCXSUo0HxoCRDKzKyZ9kEC0ia5gQnDnT14k9bOy65Td2/Ni5SqLI48O0BEqIRddoAq6QVVUQwQ9oCf0gl6tR+vZerPeZ605K5vZR39gfXwDNCqW+Q==</latexit>

Measurement

|0i
<latexit sha1_base64="DGmzEx0U30tc7/g9hR8C3VG2KOU=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Ae2oWy2k3bpZhN2N0KJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4Zua3H1FpHst7M0nQj+hQ8pAzaqz08OSSnqJyKLBfrrhVdw6ySrycVCBHo1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42v3hKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/IzLJDUo2WJRmApiYjJ7nwy4QmbExBLKFLe3EjaiijJjQyrZELzll1dJ66LquVXv7rJSv87jKMIJnMI5eFCDOtxCA5rAQMIzvMKbo50X5935WLQWnHzmGP7A+fwBDDiQfw==</latexit><latexit sha1_base64="DGmzEx0U30tc7/g9hR8C3VG2KOU=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Ae2oWy2k3bpZhN2N0KJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4Zua3H1FpHst7M0nQj+hQ8pAzaqz08OSSnqJyKLBfrrhVdw6ySrycVCBHo1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42v3hKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/IzLJDUo2WJRmApiYjJ7nwy4QmbExBLKFLe3EjaiijJjQyrZELzll1dJ66LquVXv7rJSv87jKMIJnMI5eFCDOtxCA5rAQMIzvMKbo50X5935WLQWnHzmGP7A+fwBDDiQfw==</latexit><latexit sha1_base64="DGmzEx0U30tc7/g9hR8C3VG2KOU=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Ae2oWy2k3bpZhN2N0KJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4Zua3H1FpHst7M0nQj+hQ8pAzaqz08OSSnqJyKLBfrrhVdw6ySrycVCBHo1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42v3hKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/IzLJDUo2WJRmApiYjJ7nwy4QmbExBLKFLe3EjaiijJjQyrZELzll1dJ66LquVXv7rJSv87jKMIJnMI5eFCDOtxCA5rAQMIzvMKbo50X5935WLQWnHzmGP7A+fwBDDiQfw==</latexit><latexit sha1_base64="DGmzEx0U30tc7/g9hR8C3VG2KOU=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Ae2oWy2k3bpZhN2N0KJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4Zua3H1FpHst7M0nQj+hQ8pAzaqz08OSSnqJyKLBfrrhVdw6ySrycVCBHo1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42v3hKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/IzLJDUo2WJRmApiYjJ7nwy4QmbExBLKFLe3EjaiijJjQyrZELzll1dJ66LquVXv7rJSv87jKMIJnMI5eFCDOtxCA5rAQMIzvMKbo50X5935WLQWnHzmGP7A+fwBDDiQfw==</latexit>

I saw |0i
<latexit sha1_base64="DGmzEx0U30tc7/g9hR8C3VG2KOU=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Ae2oWy2k3bpZhN2N0KJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4Zua3H1FpHst7M0nQj+hQ8pAzaqz08OSSnqJyKLBfrrhVdw6ySrycVCBHo1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42v3hKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/IzLJDUo2WJRmApiYjJ7nwy4QmbExBLKFLe3EjaiijJjQyrZELzll1dJ66LquVXv7rJSv87jKMIJnMI5eFCDOtxCA5rAQMIzvMKbo50X5935WLQWnHzmGP7A+fwBDDiQfw==</latexit><latexit sha1_base64="DGmzEx0U30tc7/g9hR8C3VG2KOU=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Ae2oWy2k3bpZhN2N0KJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4Zua3H1FpHst7M0nQj+hQ8pAzaqz08OSSnqJyKLBfrrhVdw6ySrycVCBHo1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42v3hKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/IzLJDUo2WJRmApiYjJ7nwy4QmbExBLKFLe3EjaiijJjQyrZELzll1dJ66LquVXv7rJSv87jKMIJnMI5eFCDOtxCA5rAQMIzvMKbo50X5935WLQWnHzmGP7A+fwBDDiQfw==</latexit><latexit sha1_base64="DGmzEx0U30tc7/g9hR8C3VG2KOU=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Ae2oWy2k3bpZhN2N0KJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4Zua3H1FpHst7M0nQj+hQ8pAzaqz08OSSnqJyKLBfrrhVdw6ySrycVCBHo1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42v3hKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/IzLJDUo2WJRmApiYjJ7nwy4QmbExBLKFLe3EjaiijJjQyrZELzll1dJ66LquVXv7rJSv87jKMIJnMI5eFCDOtxCA5rAQMIzvMKbo50X5935WLQWnHzmGP7A+fwBDDiQfw==</latexit><latexit sha1_base64="DGmzEx0U30tc7/g9hR8C3VG2KOU=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Ae2oWy2k3bpZhN2N0KJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4Zua3H1FpHst7M0nQj+hQ8pAzaqz08OSSnqJyKLBfrrhVdw6ySrycVCBHo1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42v3hKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/IzLJDUo2WJRmApiYjJ7nwy4QmbExBLKFLe3EjaiijJjQyrZELzll1dJ66LquVXv7rJSv87jKMIJnMI5eFCDOtxCA5rAQMIzvMKbo50X5935WLQWnHzmGP7A+fwBDDiQfw==</latexit>

a
<latexit sha1_base64="b7/vCs5ze5KtVd66W3yyALYBfbk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipSQflilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDGz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6qeW/Wa15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84nz/DXYzl</latexit><latexit sha1_base64="b7/vCs5ze5KtVd66W3yyALYBfbk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipSQflilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDGz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6qeW/Wa15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84nz/DXYzl</latexit><latexit sha1_base64="b7/vCs5ze5KtVd66W3yyALYBfbk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipSQflilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDGz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6qeW/Wa15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84nz/DXYzl</latexit><latexit sha1_base64="b7/vCs5ze5KtVd66W3yyALYBfbk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipSQflilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDGz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6qeW/Wa15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84nz/DXYzl</latexit> +

<latexit sha1_base64="aWOcHJrcbrsxJSLO3n80z068CGE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBZBEEoigh6LXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrW9sbhW3Szu7e/sH5cOjlo5TxbDJYhGrTkA1Ci6xabgR2EkU0igQ2A7GdzO//YRK81g+mEmCfkSHkoecUWOlxkW/XHGr7hxklXg5qUCOer/81RvELI1QGiao1l3PTYyfUWU4Ezgt9VKNCWVjOsSupZJGqP1sfuiUnFllQMJY2ZKGzNXfExmNtJ5Ege2MqBnpZW8m/ud1UxPe+BmXSWpQssWiMBXExGT2NRlwhcyIiSWUKW5vJWxEFWXGZlOyIXjLL6+S1mXVc6te46pSu83jKMIJnMI5eHANNbiHOjSBAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPcYWMrw==</latexit><latexit sha1_base64="aWOcHJrcbrsxJSLO3n80z068CGE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBZBEEoigh6LXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrW9sbhW3Szu7e/sH5cOjlo5TxbDJYhGrTkA1Ci6xabgR2EkU0igQ2A7GdzO//YRK81g+mEmCfkSHkoecUWOlxkW/XHGr7hxklXg5qUCOer/81RvELI1QGiao1l3PTYyfUWU4Ezgt9VKNCWVjOsSupZJGqP1sfuiUnFllQMJY2ZKGzNXfExmNtJ5Ege2MqBnpZW8m/ud1UxPe+BmXSWpQssWiMBXExGT2NRlwhcyIiSWUKW5vJWxEFWXGZlOyIXjLL6+S1mXVc6te46pSu83jKMIJnMI5eHANNbiHOjSBAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPcYWMrw==</latexit><latexit sha1_base64="aWOcHJrcbrsxJSLO3n80z068CGE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBZBEEoigh6LXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrW9sbhW3Szu7e/sH5cOjlo5TxbDJYhGrTkA1Ci6xabgR2EkU0igQ2A7GdzO//YRK81g+mEmCfkSHkoecUWOlxkW/XHGr7hxklXg5qUCOer/81RvELI1QGiao1l3PTYyfUWU4Ezgt9VKNCWVjOsSupZJGqP1sfuiUnFllQMJY2ZKGzNXfExmNtJ5Ege2MqBnpZW8m/ud1UxPe+BmXSWpQssWiMBXExGT2NRlwhcyIiSWUKW5vJWxEFWXGZlOyIXjLL6+S1mXVc6te46pSu83jKMIJnMI5eHANNbiHOjSBAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPcYWMrw==</latexit><latexit sha1_base64="aWOcHJrcbrsxJSLO3n80z068CGE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBZBEEoigh6LXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrW9sbhW3Szu7e/sH5cOjlo5TxbDJYhGrTkA1Ci6xabgR2EkU0igQ2A7GdzO//YRK81g+mEmCfkSHkoecUWOlxkW/XHGr7hxklXg5qUCOer/81RvELI1QGiao1l3PTYyfUWU4Ezgt9VKNCWVjOsSupZJGqP1sfuiUnFllQMJY2ZKGzNXfExmNtJ5Ege2MqBnpZW8m/ud1UxPe+BmXSWpQssWiMBXExGT2NRlwhcyIiSWUKW5vJWxEFWXGZlOyIXjLL6+S1mXVc6te46pSu83jKMIJnMI5eHANNbiHOjSBAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPcYWMrw==</latexit>

I saw

|1i
<latexit sha1_base64="VkY7AsgH7pZEp1mnrnUELxTKCwI=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Ae2oWy2k3bpZhN2N0KJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4Zua3H1FpHst7M0nQj+hQ8pAzaqz08OSRnqJyKLBfrrhVdw6ySrycVCBHo1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42v3hKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/IzLJDUo2WJRmApiYjJ7nwy4QmbExBLKFLe3EjaiijJjQyrZELzll1dJ66LquVXv7rJSv87jKMIJnMI5eFCDOtxCA5rAQMIzvMKbo50X5935WLQWnHzmGP7A+fwBDcSQgA==</latexit><latexit sha1_base64="VkY7AsgH7pZEp1mnrnUELxTKCwI=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Ae2oWy2k3bpZhN2N0KJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4Zua3H1FpHst7M0nQj+hQ8pAzaqz08OSRnqJyKLBfrrhVdw6ySrycVCBHo1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42v3hKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/IzLJDUo2WJRmApiYjJ7nwy4QmbExBLKFLe3EjaiijJjQyrZELzll1dJ66LquVXv7rJSv87jKMIJnMI5eFCDOtxCA5rAQMIzvMKbo50X5935WLQWnHzmGP7A+fwBDcSQgA==</latexit><latexit sha1_base64="VkY7AsgH7pZEp1mnrnUELxTKCwI=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Ae2oWy2k3bpZhN2N0KJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4Zua3H1FpHst7M0nQj+hQ8pAzaqz08OSRnqJyKLBfrrhVdw6ySrycVCBHo1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42v3hKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/IzLJDUo2WJRmApiYjJ7nwy4QmbExBLKFLe3EjaiijJjQyrZELzll1dJ66LquVXv7rJSv87jKMIJnMI5eFCDOtxCA5rAQMIzvMKbo50X5935WLQWnHzmGP7A+fwBDcSQgA==</latexit><latexit sha1_base64="VkY7AsgH7pZEp1mnrnUELxTKCwI=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Ae2oWy2k3bpZhN2N0KJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4Zua3H1FpHst7M0nQj+hQ8pAzaqz08OSRnqJyKLBfrrhVdw6ySrycVCBHo1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42v3hKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/IzLJDUo2WJRmApiYjJ7nwy4QmbExBLKFLe3EjaiijJjQyrZELzll1dJ66LquVXv7rJSv87jKMIJnMI5eFCDOtxCA5rAQMIzvMKbo50X5935WLQWnHzmGP7A+fwBDcSQgA==</latexit>

|1i
<latexit sha1_base64="VkY7AsgH7pZEp1mnrnUELxTKCwI=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Ae2oWy2k3bpZhN2N0KJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4Zua3H1FpHst7M0nQj+hQ8pAzaqz08OSRnqJyKLBfrrhVdw6ySrycVCBHo1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42v3hKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/IzLJDUo2WJRmApiYjJ7nwy4QmbExBLKFLe3EjaiijJjQyrZELzll1dJ66LquVXv7rJSv87jKMIJnMI5eFCDOtxCA5rAQMIzvMKbo50X5935WLQWnHzmGP7A+fwBDcSQgA==</latexit><latexit sha1_base64="VkY7AsgH7pZEp1mnrnUELxTKCwI=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Ae2oWy2k3bpZhN2N0KJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4Zua3H1FpHst7M0nQj+hQ8pAzaqz08OSRnqJyKLBfrrhVdw6ySrycVCBHo1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42v3hKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/IzLJDUo2WJRmApiYjJ7nwy4QmbExBLKFLe3EjaiijJjQyrZELzll1dJ66LquVXv7rJSv87jKMIJnMI5eFCDOtxCA5rAQMIzvMKbo50X5935WLQWnHzmGP7A+fwBDcSQgA==</latexit><latexit sha1_base64="VkY7AsgH7pZEp1mnrnUELxTKCwI=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Ae2oWy2k3bpZhN2N0KJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4Zua3H1FpHst7M0nQj+hQ8pAzaqz08OSRnqJyKLBfrrhVdw6ySrycVCBHo1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42v3hKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/IzLJDUo2WJRmApiYjJ7nwy4QmbExBLKFLe3EjaiijJjQyrZELzll1dJ66LquVXv7rJSv87jKMIJnMI5eFCDOtxCA5rAQMIzvMKbo50X5935WLQWnHzmGP7A+fwBDcSQgA==</latexit><latexit sha1_base64="VkY7AsgH7pZEp1mnrnUELxTKCwI=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Ae2oWy2k3bpZhN2N0KJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4Zua3H1FpHst7M0nQj+hQ8pAzaqz08OSRnqJyKLBfrrhVdw6ySrycVCBHo1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42v3hKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/IzLJDUo2WJRmApiYjJ7nwy4QmbExBLKFLe3EjaiijJjQyrZELzll1dJ66LquVXv7rJSv87jKMIJnMI5eFCDOtxCA5rAQMIzvMKbo50X5935WLQWnHzmGP7A+fwBDcSQgA==</latexit>

b
<latexit sha1_base64="B8QOfSq5IKQ3NJiokTqrVfN3Ulk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipGQzKFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AxOGM5g==</latexit><latexit sha1_base64="B8QOfSq5IKQ3NJiokTqrVfN3Ulk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipGQzKFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AxOGM5g==</latexit><latexit sha1_base64="B8QOfSq5IKQ3NJiokTqrVfN3Ulk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipGQzKFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AxOGM5g==</latexit><latexit sha1_base64="B8QOfSq5IKQ3NJiokTqrVfN3Ulk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipGQzKFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AxOGM5g==</latexit>

Interaction



Understanding decoherence

This leads to the many-worlds interpretation of QM 
but we won’t talk about that :)

In reality our starting state is more like

| i
<latexit sha1_base64="mFLzTGCBIgob+EOhZk49qa5B08c=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaWDbbSbt0swm7G6XE/g8vHhTx6n/x5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0PfVbD6g0j+WdGSfoR3QgecgZNVa6fyLdRHPSVVQOBPbKFbfqzkCWiZeTCuSo98pf3X7M0gilYYJq3fHcxPgZVYYzgZNSN9WYUDaiA+xYKmmE2s9mV0/IiVX6JIyVLWnITP09kdFI63EU2M6ImqFe9Kbif14nNeGln3GZpAYlmy8KU0FMTKYRkD5XyIwYW0KZ4vZWwoZUUWZsUCUbgrf48jJpnlU9t+rdnldqV3kcRTiCYzgFDy6gBjdQhwYwUPAMr/DmPDovzrvzMW8tOPnMIfyB8/kDHECSPw==</latexit><latexit sha1_base64="mFLzTGCBIgob+EOhZk49qa5B08c=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaWDbbSbt0swm7G6XE/g8vHhTx6n/x5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0PfVbD6g0j+WdGSfoR3QgecgZNVa6fyLdRHPSVVQOBPbKFbfqzkCWiZeTCuSo98pf3X7M0gilYYJq3fHcxPgZVYYzgZNSN9WYUDaiA+xYKmmE2s9mV0/IiVX6JIyVLWnITP09kdFI63EU2M6ImqFe9Kbif14nNeGln3GZpAYlmy8KU0FMTKYRkD5XyIwYW0KZ4vZWwoZUUWZsUCUbgrf48jJpnlU9t+rdnldqV3kcRTiCYzgFDy6gBjdQhwYwUPAMr/DmPDovzrvzMW8tOPnMIfyB8/kDHECSPw==</latexit><latexit sha1_base64="mFLzTGCBIgob+EOhZk49qa5B08c=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaWDbbSbt0swm7G6XE/g8vHhTx6n/x5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0PfVbD6g0j+WdGSfoR3QgecgZNVa6fyLdRHPSVVQOBPbKFbfqzkCWiZeTCuSo98pf3X7M0gilYYJq3fHcxPgZVYYzgZNSN9WYUDaiA+xYKmmE2s9mV0/IiVX6JIyVLWnITP09kdFI63EU2M6ImqFe9Kbif14nNeGln3GZpAYlmy8KU0FMTKYRkD5XyIwYW0KZ4vZWwoZUUWZsUCUbgrf48jJpnlU9t+rdnldqV3kcRTiCYzgFDy6gBjdQhwYwUPAMr/DmPDovzrvzMW8tOPnMIfyB8/kDHECSPw==</latexit><latexit sha1_base64="mFLzTGCBIgob+EOhZk49qa5B08c=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaWDbbSbt0swm7G6XE/g8vHhTx6n/x5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0PfVbD6g0j+WdGSfoR3QgecgZNVa6fyLdRHPSVVQOBPbKFbfqzkCWiZeTCuSo98pf3X7M0gilYYJq3fHcxPgZVYYzgZNSN9WYUDaiA+xYKmmE2s9mV0/IiVX6JIyVLWnITP09kdFI63EU2M6ImqFe9Kbif14nNeGln3GZpAYlmy8KU0FMTKYRkD5XyIwYW0KZ4vZWwoZUUWZsUCUbgrf48jJpnlU9t+rdnldqV3kcRTiCYzgFDy6gBjdQhwYwUPAMr/DmPDovzrvzMW8tOPnMIfyB8/kDHECSPw==</latexit>

Quantum 
systemUserEnvironment



Understanding decoherence

Actually it’s more like this…

| i
<latexit sha1_base64="mFLzTGCBIgob+EOhZk49qa5B08c=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaWDbbSbt0swm7G6XE/g8vHhTx6n/x5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0PfVbD6g0j+WdGSfoR3QgecgZNVa6fyLdRHPSVVQOBPbKFbfqzkCWiZeTCuSo98pf3X7M0gilYYJq3fHcxPgZVYYzgZNSN9WYUDaiA+xYKmmE2s9mV0/IiVX6JIyVLWnITP09kdFI63EU2M6ImqFe9Kbif14nNeGln3GZpAYlmy8KU0FMTKYRkD5XyIwYW0KZ4vZWwoZUUWZsUCUbgrf48jJpnlU9t+rdnldqV3kcRTiCYzgFDy6gBjdQhwYwUPAMr/DmPDovzrvzMW8tOPnMIfyB8/kDHECSPw==</latexit><latexit sha1_base64="mFLzTGCBIgob+EOhZk49qa5B08c=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaWDbbSbt0swm7G6XE/g8vHhTx6n/x5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0PfVbD6g0j+WdGSfoR3QgecgZNVa6fyLdRHPSVVQOBPbKFbfqzkCWiZeTCuSo98pf3X7M0gilYYJq3fHcxPgZVYYzgZNSN9WYUDaiA+xYKmmE2s9mV0/IiVX6JIyVLWnITP09kdFI63EU2M6ImqFe9Kbif14nNeGln3GZpAYlmy8KU0FMTKYRkD5XyIwYW0KZ4vZWwoZUUWZsUCUbgrf48jJpnlU9t+rdnldqV3kcRTiCYzgFDy6gBjdQhwYwUPAMr/DmPDovzrvzMW8tOPnMIfyB8/kDHECSPw==</latexit><latexit sha1_base64="mFLzTGCBIgob+EOhZk49qa5B08c=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaWDbbSbt0swm7G6XE/g8vHhTx6n/x5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0PfVbD6g0j+WdGSfoR3QgecgZNVa6fyLdRHPSVVQOBPbKFbfqzkCWiZeTCuSo98pf3X7M0gilYYJq3fHcxPgZVYYzgZNSN9WYUDaiA+xYKmmE2s9mV0/IiVX6JIyVLWnITP09kdFI63EU2M6ImqFe9Kbif14nNeGln3GZpAYlmy8KU0FMTKYRkD5XyIwYW0KZ4vZWwoZUUWZsUCUbgrf48jJpnlU9t+rdnldqV3kcRTiCYzgFDy6gBjdQhwYwUPAMr/DmPDovzrvzMW8tOPnMIfyB8/kDHECSPw==</latexit><latexit sha1_base64="mFLzTGCBIgob+EOhZk49qa5B08c=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaWDbbSbt0swm7G6XE/g8vHhTx6n/x5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0PfVbD6g0j+WdGSfoR3QgecgZNVa6fyLdRHPSVVQOBPbKFbfqzkCWiZeTCuSo98pf3X7M0gilYYJq3fHcxPgZVYYzgZNSN9WYUDaiA+xYKmmE2s9mV0/IiVX6JIyVLWnITP09kdFI63EU2M6ImqFe9Kbif14nNeGln3GZpAYlmy8KU0FMTKYRkD5XyIwYW0KZ4vZWwoZUUWZsUCUbgrf48jJpnlU9t+rdnldqV3kcRTiCYzgFDy6gBjdQhwYwUPAMr/DmPDovzrvzMW8tOPnMIfyB8/kDHECSPw==</latexit>

Because we are part of the environment 
(correlated with it)

But it’s easier to imagine things divided into 3 systems

|Ei|Mei| i
<latexit sha1_base64="D+2ts6Mmpc6txTHpIHESj0P7Wh8=">AAACDXicbZDLSgMxFIYz9VbrbdSlm2AVXJUZEXRZFMGNUMFeoB1KJj3ThmYyQ5IRyrQv4MZXceNCEbfu3fk2pu2I2vpD4Mt/ziE5vx9zprTjfFq5hcWl5ZX8amFtfWNzy97eqakokRSqNOKRbPhEAWcCqpppDo1YAgl9DnW/fzGu1+9AKhaJWz2IwQtJV7CAUaKN1bYPhpe4JYnocsDDa/jhVqzY961tF52SMxGeBzeDIspUadsfrU5EkxCEppwo1XSdWHspkZpRDqNCK1EQE9onXWgaFCQE5aWTbUb40DgdHETSHKHxxP09kZJQqUHom86Q6J6arY3N/2rNRAdnXspEnGgQdPpQkHCsIzyOBneYBKr5wAChkpm/YtojklBtAiyYENzZleehdlxynZJ7c1Isn2dx5NEe2kdHyEWnqIyuUAVVEUX36BE9oxfrwXqyXq23aWvOymZ20R9Z71+dbZtF</latexit><latexit sha1_base64="D+2ts6Mmpc6txTHpIHESj0P7Wh8=">AAACDXicbZDLSgMxFIYz9VbrbdSlm2AVXJUZEXRZFMGNUMFeoB1KJj3ThmYyQ5IRyrQv4MZXceNCEbfu3fk2pu2I2vpD4Mt/ziE5vx9zprTjfFq5hcWl5ZX8amFtfWNzy97eqakokRSqNOKRbPhEAWcCqpppDo1YAgl9DnW/fzGu1+9AKhaJWz2IwQtJV7CAUaKN1bYPhpe4JYnocsDDa/jhVqzY961tF52SMxGeBzeDIspUadsfrU5EkxCEppwo1XSdWHspkZpRDqNCK1EQE9onXWgaFCQE5aWTbUb40DgdHETSHKHxxP09kZJQqUHom86Q6J6arY3N/2rNRAdnXspEnGgQdPpQkHCsIzyOBneYBKr5wAChkpm/YtojklBtAiyYENzZleehdlxynZJ7c1Isn2dx5NEe2kdHyEWnqIyuUAVVEUX36BE9oxfrwXqyXq23aWvOymZ20R9Z71+dbZtF</latexit><latexit sha1_base64="D+2ts6Mmpc6txTHpIHESj0P7Wh8=">AAACDXicbZDLSgMxFIYz9VbrbdSlm2AVXJUZEXRZFMGNUMFeoB1KJj3ThmYyQ5IRyrQv4MZXceNCEbfu3fk2pu2I2vpD4Mt/ziE5vx9zprTjfFq5hcWl5ZX8amFtfWNzy97eqakokRSqNOKRbPhEAWcCqpppDo1YAgl9DnW/fzGu1+9AKhaJWz2IwQtJV7CAUaKN1bYPhpe4JYnocsDDa/jhVqzY961tF52SMxGeBzeDIspUadsfrU5EkxCEppwo1XSdWHspkZpRDqNCK1EQE9onXWgaFCQE5aWTbUb40DgdHETSHKHxxP09kZJQqUHom86Q6J6arY3N/2rNRAdnXspEnGgQdPpQkHCsIzyOBneYBKr5wAChkpm/YtojklBtAiyYENzZleehdlxynZJ7c1Isn2dx5NEe2kdHyEWnqIyuUAVVEUX36BE9oxfrwXqyXq23aWvOymZ20R9Z71+dbZtF</latexit><latexit sha1_base64="D+2ts6Mmpc6txTHpIHESj0P7Wh8=">AAACDXicbZDLSgMxFIYz9VbrbdSlm2AVXJUZEXRZFMGNUMFeoB1KJj3ThmYyQ5IRyrQv4MZXceNCEbfu3fk2pu2I2vpD4Mt/ziE5vx9zprTjfFq5hcWl5ZX8amFtfWNzy97eqakokRSqNOKRbPhEAWcCqpppDo1YAgl9DnW/fzGu1+9AKhaJWz2IwQtJV7CAUaKN1bYPhpe4JYnocsDDa/jhVqzY961tF52SMxGeBzeDIspUadsfrU5EkxCEppwo1XSdWHspkZpRDqNCK1EQE9onXWgaFCQE5aWTbUb40DgdHETSHKHxxP09kZJQqUHom86Q6J6arY3N/2rNRAdnXspEnGgQdPpQkHCsIzyOBneYBKr5wAChkpm/YtojklBtAiyYENzZleehdlxynZJ7c1Isn2dx5NEe2kdHyEWnqIyuUAVVEUX36BE9oxfrwXqyXq23aWvOymZ20R9Z71+dbZtF</latexit>



Understanding decoherence

|Mei| i|Ei
<latexit sha1_base64="ZEv3JvMnfggpQvAKWsfOSpRNXFg=">AAACDXicbZDLSgMxFIYz9VbrbdSlm2AVXJUZEXRZFMGNUMFeoB1KJj3ThmYyQ5IRyrQv4MZXceNCEbfu3fk2pu2I2vpD4Mt/ziE5vx9zprTjfFq5hcWl5ZX8amFtfWNzy97eqakokRSqNOKRbPhEAWcCqpppDo1YAgl9DnW/fzGu1+9AKhaJWz2IwQtJV7CAUaKN1bYPhteAW5KILgc8bMWK/dwuv7FtF52SMxGeBzeDIspUadsfrU5EkxCEppwo1XSdWHspkZpRDqNCK1EQE9onXWgaFCQE5aWTbUb40DgdHETSHKHxxP09kZJQqUHom86Q6J6arY3N/2rNRAdnXspEnGgQdPpQkHCsIzyOBneYBKr5wAChkpm/YtojklBtAiyYENzZleehdlxynZJ7c1Isn2dx5NEe2kdHyEWnqIyuUAVVEUX36BE9oxfrwXqyXq23aWvOymZ20R9Z71+iBZtF</latexit><latexit sha1_base64="ZEv3JvMnfggpQvAKWsfOSpRNXFg=">AAACDXicbZDLSgMxFIYz9VbrbdSlm2AVXJUZEXRZFMGNUMFeoB1KJj3ThmYyQ5IRyrQv4MZXceNCEbfu3fk2pu2I2vpD4Mt/ziE5vx9zprTjfFq5hcWl5ZX8amFtfWNzy97eqakokRSqNOKRbPhEAWcCqpppDo1YAgl9DnW/fzGu1+9AKhaJWz2IwQtJV7CAUaKN1bYPhteAW5KILgc8bMWK/dwuv7FtF52SMxGeBzeDIspUadsfrU5EkxCEppwo1XSdWHspkZpRDqNCK1EQE9onXWgaFCQE5aWTbUb40DgdHETSHKHxxP09kZJQqUHom86Q6J6arY3N/2rNRAdnXspEnGgQdPpQkHCsIzyOBneYBKr5wAChkpm/YtojklBtAiyYENzZleehdlxynZJ7c1Isn2dx5NEe2kdHyEWnqIyuUAVVEUX36BE9oxfrwXqyXq23aWvOymZ20R9Z71+iBZtF</latexit><latexit sha1_base64="ZEv3JvMnfggpQvAKWsfOSpRNXFg=">AAACDXicbZDLSgMxFIYz9VbrbdSlm2AVXJUZEXRZFMGNUMFeoB1KJj3ThmYyQ5IRyrQv4MZXceNCEbfu3fk2pu2I2vpD4Mt/ziE5vx9zprTjfFq5hcWl5ZX8amFtfWNzy97eqakokRSqNOKRbPhEAWcCqpppDo1YAgl9DnW/fzGu1+9AKhaJWz2IwQtJV7CAUaKN1bYPhteAW5KILgc8bMWK/dwuv7FtF52SMxGeBzeDIspUadsfrU5EkxCEppwo1XSdWHspkZpRDqNCK1EQE9onXWgaFCQE5aWTbUb40DgdHETSHKHxxP09kZJQqUHom86Q6J6arY3N/2rNRAdnXspEnGgQdPpQkHCsIzyOBneYBKr5wAChkpm/YtojklBtAiyYENzZleehdlxynZJ7c1Isn2dx5NEe2kdHyEWnqIyuUAVVEUX36BE9oxfrwXqyXq23aWvOymZ20R9Z71+iBZtF</latexit><latexit sha1_base64="ZEv3JvMnfggpQvAKWsfOSpRNXFg=">AAACDXicbZDLSgMxFIYz9VbrbdSlm2AVXJUZEXRZFMGNUMFeoB1KJj3ThmYyQ5IRyrQv4MZXceNCEbfu3fk2pu2I2vpD4Mt/ziE5vx9zprTjfFq5hcWl5ZX8amFtfWNzy97eqakokRSqNOKRbPhEAWcCqpppDo1YAgl9DnW/fzGu1+9AKhaJWz2IwQtJV7CAUaKN1bYPhteAW5KILgc8bMWK/dwuv7FtF52SMxGeBzeDIspUadsfrU5EkxCEppwo1XSdWHspkZpRDqNCK1EQE9onXWgaFCQE5aWTbUb40DgdHETSHKHxxP09kZJQqUHom86Q6J6arY3N/2rNRAdnXspEnGgQdPpQkHCsIzyOBneYBKr5wAChkpm/YtojklBtAiyYENzZleehdlxynZJ7c1Isn2dx5NEe2kdHyEWnqIyuUAVVEUX36BE9oxfrwXqyXq23aWvOymZ20R9Z71+iBZtF</latexit>

| i = a|0i+ b|1i
<latexit sha1_base64="kY3tVM+ZqMp2D51EnE5MJjrHAeg=">AAACFnicbVDLSgMxFM3UV62vUZduLhZBEMuMCLoRim5cVrAPaIeSSTNtaCYzJBmhTPsVbvwVNy4UcSvu/BvTdhRtPRA495x7ubnHjzlT2nE+rdzC4tLySn61sLa+sbllb+/UVJRIQqsk4pFs+FhRzgStaqY5bcSS4tDntO73r8Z+/Y5KxSJxqwcx9ULcFSxgBGsjte3jIbRixaAlsehyCheAYQjOT30EPgzd77JtF52SMwHMEzcjRZSh0rY/Wp2IJCEVmnCsVNN1Yu2lWGpGOB0VWomiMSZ93KVNQwUOqfLSyVkjODBKB4JImic0TNTfEykOlRqEvukMse6pWW8s/uc1Ex2ceykTcaKpINNFQcJBRzDOCDpMUqL5wBBMJDN/BdLDEhNtkiyYENzZk+dJ7aTkOiX35rRYvsziyKM9tI8OkYvOUBldowqqIoLu0SN6Ri/Wg/VkvVpv09aclc3soj+w3r8AUg6c9A==</latexit><latexit sha1_base64="kY3tVM+ZqMp2D51EnE5MJjrHAeg=">AAACFnicbVDLSgMxFM3UV62vUZduLhZBEMuMCLoRim5cVrAPaIeSSTNtaCYzJBmhTPsVbvwVNy4UcSvu/BvTdhRtPRA495x7ubnHjzlT2nE+rdzC4tLySn61sLa+sbllb+/UVJRIQqsk4pFs+FhRzgStaqY5bcSS4tDntO73r8Z+/Y5KxSJxqwcx9ULcFSxgBGsjte3jIbRixaAlsehyCheAYQjOT30EPgzd77JtF52SMwHMEzcjRZSh0rY/Wp2IJCEVmnCsVNN1Yu2lWGpGOB0VWomiMSZ93KVNQwUOqfLSyVkjODBKB4JImic0TNTfEykOlRqEvukMse6pWW8s/uc1Ex2ceykTcaKpINNFQcJBRzDOCDpMUqL5wBBMJDN/BdLDEhNtkiyYENzZk+dJ7aTkOiX35rRYvsziyKM9tI8OkYvOUBldowqqIoLu0SN6Ri/Wg/VkvVpv09aclc3soj+w3r8AUg6c9A==</latexit><latexit sha1_base64="kY3tVM+ZqMp2D51EnE5MJjrHAeg=">AAACFnicbVDLSgMxFM3UV62vUZduLhZBEMuMCLoRim5cVrAPaIeSSTNtaCYzJBmhTPsVbvwVNy4UcSvu/BvTdhRtPRA495x7ubnHjzlT2nE+rdzC4tLySn61sLa+sbllb+/UVJRIQqsk4pFs+FhRzgStaqY5bcSS4tDntO73r8Z+/Y5KxSJxqwcx9ULcFSxgBGsjte3jIbRixaAlsehyCheAYQjOT30EPgzd77JtF52SMwHMEzcjRZSh0rY/Wp2IJCEVmnCsVNN1Yu2lWGpGOB0VWomiMSZ93KVNQwUOqfLSyVkjODBKB4JImic0TNTfEykOlRqEvukMse6pWW8s/uc1Ex2ceykTcaKpINNFQcJBRzDOCDpMUqL5wBBMJDN/BdLDEhNtkiyYENzZk+dJ7aTkOiX35rRYvsziyKM9tI8OkYvOUBldowqqIoLu0SN6Ri/Wg/VkvVpv09aclc3soj+w3r8AUg6c9A==</latexit><latexit sha1_base64="kY3tVM+ZqMp2D51EnE5MJjrHAeg=">AAACFnicbVDLSgMxFM3UV62vUZduLhZBEMuMCLoRim5cVrAPaIeSSTNtaCYzJBmhTPsVbvwVNy4UcSvu/BvTdhRtPRA495x7ubnHjzlT2nE+rdzC4tLySn61sLa+sbllb+/UVJRIQqsk4pFs+FhRzgStaqY5bcSS4tDntO73r8Z+/Y5KxSJxqwcx9ULcFSxgBGsjte3jIbRixaAlsehyCheAYQjOT30EPgzd77JtF52SMwHMEzcjRZSh0rY/Wp2IJCEVmnCsVNN1Yu2lWGpGOB0VWomiMSZ93KVNQwUOqfLSyVkjODBKB4JImic0TNTfEykOlRqEvukMse6pWW8s/uc1Ex2ceykTcaKpINNFQcJBRzDOCDpMUqL5wBBMJDN/BdLDEhNtkiyYENzZk+dJ7aTkOiX35rRYvsziyKM9tI8OkYvOUBldowqqIoLu0SN6Ri/Wg/VkvVpv09aclc3soj+w3r8AUg6c9A==</latexit>

Decoherence is essentially the environment 
measuring my state

|Mei(a|0i+ b|1i)|Ei ! |Mei(a|0i|E0i+ b|1i|E1i)
<latexit sha1_base64="+LZ9+uB4h6Q2KC0IIUtsrbe4Wc0="></latexit><latexit sha1_base64="+LZ9+uB4h6Q2KC0IIUtsrbe4Wc0="></latexit><latexit sha1_base64="+LZ9+uB4h6Q2KC0IIUtsrbe4Wc0="></latexit><latexit sha1_base64="+LZ9+uB4h6Q2KC0IIUtsrbe4Wc0="></latexit>

Imagine a stray gamma ray from space entering 
an ion trap

The gamma photon can become entangled with the ion
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| i = a|0i+ b|1i
<latexit sha1_base64="kY3tVM+ZqMp2D51EnE5MJjrHAeg=">AAACFnicbVDLSgMxFM3UV62vUZduLhZBEMuMCLoRim5cVrAPaIeSSTNtaCYzJBmhTPsVbvwVNy4UcSvu/BvTdhRtPRA495x7ubnHjzlT2nE+rdzC4tLySn61sLa+sbllb+/UVJRIQqsk4pFs+FhRzgStaqY5bcSS4tDntO73r8Z+/Y5KxSJxqwcx9ULcFSxgBGsjte3jIbRixaAlsehyCheAYQjOT30EPgzd77JtF52SMwHMEzcjRZSh0rY/Wp2IJCEVmnCsVNN1Yu2lWGpGOB0VWomiMSZ93KVNQwUOqfLSyVkjODBKB4JImic0TNTfEykOlRqEvukMse6pWW8s/uc1Ex2ceykTcaKpINNFQcJBRzDOCDpMUqL5wBBMJDN/BdLDEhNtkiyYENzZk+dJ7aTkOiX35rRYvsziyKM9tI8OkYvOUBldowqqIoLu0SN6Ri/Wg/VkvVpv09aclc3soj+w3r8AUg6c9A==</latexit><latexit sha1_base64="kY3tVM+ZqMp2D51EnE5MJjrHAeg=">AAACFnicbVDLSgMxFM3UV62vUZduLhZBEMuMCLoRim5cVrAPaIeSSTNtaCYzJBmhTPsVbvwVNy4UcSvu/BvTdhRtPRA495x7ubnHjzlT2nE+rdzC4tLySn61sLa+sbllb+/UVJRIQqsk4pFs+FhRzgStaqY5bcSS4tDntO73r8Z+/Y5KxSJxqwcx9ULcFSxgBGsjte3jIbRixaAlsehyCheAYQjOT30EPgzd77JtF52SMwHMEzcjRZSh0rY/Wp2IJCEVmnCsVNN1Yu2lWGpGOB0VWomiMSZ93KVNQwUOqfLSyVkjODBKB4JImic0TNTfEykOlRqEvukMse6pWW8s/uc1Ex2ceykTcaKpINNFQcJBRzDOCDpMUqL5wBBMJDN/BdLDEhNtkiyYENzZk+dJ7aTkOiX35rRYvsziyKM9tI8OkYvOUBldowqqIoLu0SN6Ri/Wg/VkvVpv09aclc3soj+w3r8AUg6c9A==</latexit><latexit sha1_base64="kY3tVM+ZqMp2D51EnE5MJjrHAeg=">AAACFnicbVDLSgMxFM3UV62vUZduLhZBEMuMCLoRim5cVrAPaIeSSTNtaCYzJBmhTPsVbvwVNy4UcSvu/BvTdhRtPRA495x7ubnHjzlT2nE+rdzC4tLySn61sLa+sbllb+/UVJRIQqsk4pFs+FhRzgStaqY5bcSS4tDntO73r8Z+/Y5KxSJxqwcx9ULcFSxgBGsjte3jIbRixaAlsehyCheAYQjOT30EPgzd77JtF52SMwHMEzcjRZSh0rY/Wp2IJCEVmnCsVNN1Yu2lWGpGOB0VWomiMSZ93KVNQwUOqfLSyVkjODBKB4JImic0TNTfEykOlRqEvukMse6pWW8s/uc1Ex2ceykTcaKpINNFQcJBRzDOCDpMUqL5wBBMJDN/BdLDEhNtkiyYENzZk+dJ7aTkOiX35rRYvsziyKM9tI8OkYvOUBldowqqIoLu0SN6Ri/Wg/VkvVpv09aclc3soj+w3r8AUg6c9A==</latexit><latexit sha1_base64="kY3tVM+ZqMp2D51EnE5MJjrHAeg=">AAACFnicbVDLSgMxFM3UV62vUZduLhZBEMuMCLoRim5cVrAPaIeSSTNtaCYzJBmhTPsVbvwVNy4UcSvu/BvTdhRtPRA495x7ubnHjzlT2nE+rdzC4tLySn61sLa+sbllb+/UVJRIQqsk4pFs+FhRzgStaqY5bcSS4tDntO73r8Z+/Y5KxSJxqwcx9ULcFSxgBGsjte3jIbRixaAlsehyCheAYQjOT30EPgzd77JtF52SMwHMEzcjRZSh0rY/Wp2IJCEVmnCsVNN1Yu2lWGpGOB0VWomiMSZ93KVNQwUOqfLSyVkjODBKB4JImic0TNTfEykOlRqEvukMse6pWW8s/uc1Ex2ceykTcaKpINNFQcJBRzDOCDpMUqL5wBBMJDN/BdLDEhNtkiyYENzZk+dJ7aTkOiX35rRYvsziyKM9tI8OkYvOUBldowqqIoLu0SN6Ri/Wg/VkvVpv09aclc3soj+w3r8AUg6c9A==</latexit>

Measuring this

Is different from measuring the first qubit of 

a|0i|E0i+ b|1i|E1i
<latexit sha1_base64="J0i8RCgMG0Lb20pJR3AinflRpmA=">AAACHnicbVDLSgMxFM3UV62vUZdugkUQhDIRRZdFKbisYB/QDkMmzbShmcyQZIQy7Ze48VfcuFBEcKV/Y9qOr9YDF07OuZfce/yYM6Ud58PKLSwuLa/kVwtr6xubW/b2Tl1FiSS0RiIeyaaPFeVM0JpmmtNmLCkOfU4bfv9y7DduqVQsEjd6EFM3xF3BAkawNpJnn+KhA9sSiy6ncFjxfh5H0IdDiL49WPHQl+nZRafkTADnCcpIEWSoevZbuxORJKRCE46VaiEn1m6KpWaE01GhnSgaY9LHXdoyVOCQKjednDeCB0bpwCCSpoSGE/X3RIpDpQahbzpDrHtq1huL/3mtRAfnbspEnGgqyPSjIOFQR3CcFewwSYnmA0MwkczsCkkPS0y0SbRgQkCzJ8+T+nEJOSV0fVIsX2Rx5MEe2AeHAIEzUAZXoApqgIA78ACewLN1bz1aL9brtDVnZTO74A+s9099O6A5</latexit><latexit sha1_base64="J0i8RCgMG0Lb20pJR3AinflRpmA=">AAACHnicbVDLSgMxFM3UV62vUZdugkUQhDIRRZdFKbisYB/QDkMmzbShmcyQZIQy7Ze48VfcuFBEcKV/Y9qOr9YDF07OuZfce/yYM6Ud58PKLSwuLa/kVwtr6xubW/b2Tl1FiSS0RiIeyaaPFeVM0JpmmtNmLCkOfU4bfv9y7DduqVQsEjd6EFM3xF3BAkawNpJnn+KhA9sSiy6ncFjxfh5H0IdDiL49WPHQl+nZRafkTADnCcpIEWSoevZbuxORJKRCE46VaiEn1m6KpWaE01GhnSgaY9LHXdoyVOCQKjednDeCB0bpwCCSpoSGE/X3RIpDpQahbzpDrHtq1huL/3mtRAfnbspEnGgqyPSjIOFQR3CcFewwSYnmA0MwkczsCkkPS0y0SbRgQkCzJ8+T+nEJOSV0fVIsX2Rx5MEe2AeHAIEzUAZXoApqgIA78ACewLN1bz1aL9brtDVnZTO74A+s9099O6A5</latexit><latexit sha1_base64="J0i8RCgMG0Lb20pJR3AinflRpmA=">AAACHnicbVDLSgMxFM3UV62vUZdugkUQhDIRRZdFKbisYB/QDkMmzbShmcyQZIQy7Ze48VfcuFBEcKV/Y9qOr9YDF07OuZfce/yYM6Ud58PKLSwuLa/kVwtr6xubW/b2Tl1FiSS0RiIeyaaPFeVM0JpmmtNmLCkOfU4bfv9y7DduqVQsEjd6EFM3xF3BAkawNpJnn+KhA9sSiy6ncFjxfh5H0IdDiL49WPHQl+nZRafkTADnCcpIEWSoevZbuxORJKRCE46VaiEn1m6KpWaE01GhnSgaY9LHXdoyVOCQKjednDeCB0bpwCCSpoSGE/X3RIpDpQahbzpDrHtq1huL/3mtRAfnbspEnGgqyPSjIOFQR3CcFewwSYnmA0MwkczsCkkPS0y0SbRgQkCzJ8+T+nEJOSV0fVIsX2Rx5MEe2AeHAIEzUAZXoApqgIA78ACewLN1bz1aL9brtDVnZTO74A+s9099O6A5</latexit><latexit sha1_base64="J0i8RCgMG0Lb20pJR3AinflRpmA=">AAACHnicbVDLSgMxFM3UV62vUZdugkUQhDIRRZdFKbisYB/QDkMmzbShmcyQZIQy7Ze48VfcuFBEcKV/Y9qOr9YDF07OuZfce/yYM6Ud58PKLSwuLa/kVwtr6xubW/b2Tl1FiSS0RiIeyaaPFeVM0JpmmtNmLCkOfU4bfv9y7DduqVQsEjd6EFM3xF3BAkawNpJnn+KhA9sSiy6ncFjxfh5H0IdDiL49WPHQl+nZRafkTADnCcpIEWSoevZbuxORJKRCE46VaiEn1m6KpWaE01GhnSgaY9LHXdoyVOCQKjednDeCB0bpwCCSpoSGE/X3RIpDpQahbzpDrHtq1huL/3mtRAfnbspEnGgqyPSjIOFQR3CcFewwSYnmA0MwkczsCkkPS0y0SbRgQkCzJ8+T+nEJOSV0fVIsX2Rx5MEe2AeHAIEzUAZXoApqgIA78ACewLN1bz1aL9brtDVnZTO74A+s9099O6A5</latexit>

As an example, take

| i = |+i = 1p
2
(|0i+ |1i)

<latexit sha1_base64="yga/Uh9csjpAGocwGKCBiEuvZs4="></latexit><latexit sha1_base64="yga/Uh9csjpAGocwGKCBiEuvZs4="></latexit><latexit sha1_base64="yga/Uh9csjpAGocwGKCBiEuvZs4="></latexit><latexit sha1_base64="yga/Uh9csjpAGocwGKCBiEuvZs4="></latexit>

1p
2
(|0i |0iE + |1i |1iE)

<latexit sha1_base64="YtqdJmWZJX2RUv88rvoemzVOHDY="></latexit><latexit sha1_base64="YtqdJmWZJX2RUv88rvoemzVOHDY="></latexit><latexit sha1_base64="YtqdJmWZJX2RUv88rvoemzVOHDY="></latexit><latexit sha1_base64="YtqdJmWZJX2RUv88rvoemzVOHDY="></latexit>

Vs
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| i = |+i = 1p
2
(|0i+ |1i)

<latexit sha1_base64="yga/Uh9csjpAGocwGKCBiEuvZs4="></latexit><latexit sha1_base64="yga/Uh9csjpAGocwGKCBiEuvZs4="></latexit><latexit sha1_base64="yga/Uh9csjpAGocwGKCBiEuvZs4="></latexit><latexit sha1_base64="yga/Uh9csjpAGocwGKCBiEuvZs4="></latexit>

1p
2
(|0i |0iE + |1i |1iE)

<latexit sha1_base64="YtqdJmWZJX2RUv88rvoemzVOHDY="></latexit><latexit sha1_base64="YtqdJmWZJX2RUv88rvoemzVOHDY="></latexit><latexit sha1_base64="YtqdJmWZJX2RUv88rvoemzVOHDY="></latexit><latexit sha1_base64="YtqdJmWZJX2RUv88rvoemzVOHDY="></latexit>

Vs

In the first case, if I measure in (|+i, |�i)
<latexit sha1_base64="LXtxgQtaGp4mp/zSRoZ2G9zG8fM=">AAACAnicbZDLSgMxFIbP1Futt1FX4iZYhIpaZkTQZdGNywr2Au1QMmmmDc1khiQjlLa48VXcuFDErU/hzrcxbUfQ1h8CH/85h5Pz+zFnSjvOl5VZWFxaXsmu5tbWNza37O2dqooSSWiFRDySdR8rypmgFc00p/VYUhz6nNb83vW4XrunUrFI3Ol+TL0QdwQLGMHaWC17rzBEx6gpsehweoKGpz981LLzTtGZCM2Dm0IeUpVb9mezHZEkpEITjpVquE6svQGWmhFOR7lmomiMSQ93aMOgwCFV3mBywggdGqeNgkiaJzSauL8nBjhUqh/6pjPEuqtma2Pzv1oj0cGlN2AiTjQVZLooSDjSERrngdpMUqJ53wAmkpm/ItLFEhNtUsuZENzZk+ehelZ0naJ7e54vXaVxZGEfDqAALlxACW6gDBUg8ABP8AKv1qP1bL1Z79PWjJXO7MIfWR/fjxqVnA==</latexit><latexit sha1_base64="LXtxgQtaGp4mp/zSRoZ2G9zG8fM=">AAACAnicbZDLSgMxFIbP1Futt1FX4iZYhIpaZkTQZdGNywr2Au1QMmmmDc1khiQjlLa48VXcuFDErU/hzrcxbUfQ1h8CH/85h5Pz+zFnSjvOl5VZWFxaXsmu5tbWNza37O2dqooSSWiFRDySdR8rypmgFc00p/VYUhz6nNb83vW4XrunUrFI3Ol+TL0QdwQLGMHaWC17rzBEx6gpsehweoKGpz981LLzTtGZCM2Dm0IeUpVb9mezHZEkpEITjpVquE6svQGWmhFOR7lmomiMSQ93aMOgwCFV3mBywggdGqeNgkiaJzSauL8nBjhUqh/6pjPEuqtma2Pzv1oj0cGlN2AiTjQVZLooSDjSERrngdpMUqJ53wAmkpm/ItLFEhNtUsuZENzZk+ehelZ0naJ7e54vXaVxZGEfDqAALlxACW6gDBUg8ABP8AKv1qP1bL1Z79PWjJXO7MIfWR/fjxqVnA==</latexit><latexit sha1_base64="LXtxgQtaGp4mp/zSRoZ2G9zG8fM=">AAACAnicbZDLSgMxFIbP1Futt1FX4iZYhIpaZkTQZdGNywr2Au1QMmmmDc1khiQjlLa48VXcuFDErU/hzrcxbUfQ1h8CH/85h5Pz+zFnSjvOl5VZWFxaXsmu5tbWNza37O2dqooSSWiFRDySdR8rypmgFc00p/VYUhz6nNb83vW4XrunUrFI3Ol+TL0QdwQLGMHaWC17rzBEx6gpsehweoKGpz981LLzTtGZCM2Dm0IeUpVb9mezHZEkpEITjpVquE6svQGWmhFOR7lmomiMSQ93aMOgwCFV3mBywggdGqeNgkiaJzSauL8nBjhUqh/6pjPEuqtma2Pzv1oj0cGlN2AiTjQVZLooSDjSERrngdpMUqJ53wAmkpm/ItLFEhNtUsuZENzZk+ehelZ0naJ7e54vXaVxZGEfDqAALlxACW6gDBUg8ABP8AKv1qP1bL1Z79PWjJXO7MIfWR/fjxqVnA==</latexit><latexit sha1_base64="LXtxgQtaGp4mp/zSRoZ2G9zG8fM=">AAACAnicbZDLSgMxFIbP1Futt1FX4iZYhIpaZkTQZdGNywr2Au1QMmmmDc1khiQjlLa48VXcuFDErU/hzrcxbUfQ1h8CH/85h5Pz+zFnSjvOl5VZWFxaXsmu5tbWNza37O2dqooSSWiFRDySdR8rypmgFc00p/VYUhz6nNb83vW4XrunUrFI3Ol+TL0QdwQLGMHaWC17rzBEx6gpsehweoKGpz981LLzTtGZCM2Dm0IeUpVb9mezHZEkpEITjpVquE6svQGWmhFOR7lmomiMSQ93aMOgwCFV3mBywggdGqeNgkiaJzSauL8nBjhUqh/6pjPEuqtma2Pzv1oj0cGlN2AiTjQVZLooSDjSERrngdpMUqJ53wAmkpm/ItLFEhNtUsuZENzZk+ehelZ0naJ7e54vXaVxZGEfDqAALlxACW6gDBUg8ABP8AKv1qP1bL1Z79PWjJXO7MIfWR/fjxqVnA==</latexit>

I will get + with probability 1

But in the second case, we know that we can rewrite the state as
1p
2
(|+i |+iE + |�i |�iE)

<latexit sha1_base64="kfD+uS4prExZzF7wvCrhfpmoF5I="></latexit><latexit sha1_base64="kfD+uS4prExZzF7wvCrhfpmoF5I="></latexit><latexit sha1_base64="kfD+uS4prExZzF7wvCrhfpmoF5I="></latexit><latexit sha1_base64="kfD+uS4prExZzF7wvCrhfpmoF5I="></latexit>

50% probability!



Understanding decoherence

Entangling with an external system destroys interference

|0i !H

1p
2
(|0i+ |1i) !H |0i

<latexit sha1_base64="Ju8w0J0gAFI8H1tBT7y0RzGeZOE="></latexit><latexit sha1_base64="Ju8w0J0gAFI8H1tBT7y0RzGeZOE="></latexit><latexit sha1_base64="Ju8w0J0gAFI8H1tBT7y0RzGeZOE="></latexit><latexit sha1_base64="Ju8w0J0gAFI8H1tBT7y0RzGeZOE="></latexit>

+

+

�

+

+

|0i
<latexit sha1_base64="DGmzEx0U30tc7/g9hR8C3VG2KOU=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Ae2oWy2k3bpZhN2N0KJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4Zua3H1FpHst7M0nQj+hQ8pAzaqz08OSSnqJyKLBfrrhVdw6ySrycVCBHo1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42v3hKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/IzLJDUo2WJRmApiYjJ7nwy4QmbExBLKFLe3EjaiijJjQyrZELzll1dJ66LquVXv7rJSv87jKMIJnMI5eFCDOtxCA5rAQMIzvMKbo50X5935WLQWnHzmGP7A+fwBDDiQfw==</latexit><latexit sha1_base64="DGmzEx0U30tc7/g9hR8C3VG2KOU=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Ae2oWy2k3bpZhN2N0KJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4Zua3H1FpHst7M0nQj+hQ8pAzaqz08OSSnqJyKLBfrrhVdw6ySrycVCBHo1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42v3hKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/IzLJDUo2WJRmApiYjJ7nwy4QmbExBLKFLe3EjaiijJjQyrZELzll1dJ66LquVXv7rJSv87jKMIJnMI5eFCDOtxCA5rAQMIzvMKbo50X5935WLQWnHzmGP7A+fwBDDiQfw==</latexit><latexit sha1_base64="DGmzEx0U30tc7/g9hR8C3VG2KOU=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Ae2oWy2k3bpZhN2N0KJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4Zua3H1FpHst7M0nQj+hQ8pAzaqz08OSSnqJyKLBfrrhVdw6ySrycVCBHo1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42v3hKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/IzLJDUo2WJRmApiYjJ7nwy4QmbExBLKFLe3EjaiijJjQyrZELzll1dJ66LquVXv7rJSv87jKMIJnMI5eFCDOtxCA5rAQMIzvMKbo50X5935WLQWnHzmGP7A+fwBDDiQfw==</latexit><latexit sha1_base64="DGmzEx0U30tc7/g9hR8C3VG2KOU=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Ae2oWy2k3bpZhN2N0KJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4Zua3H1FpHst7M0nQj+hQ8pAzaqz08OSSnqJyKLBfrrhVdw6ySrycVCBHo1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42v3hKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/IzLJDUo2WJRmApiYjJ7nwy4QmbExBLKFLe3EjaiijJjQyrZELzll1dJ66LquVXv7rJSv87jKMIJnMI5eFCDOtxCA5rAQMIzvMKbo50X5935WLQWnHzmGP7A+fwBDDiQfw==</latexit>

|1i
<latexit sha1_base64="VkY7AsgH7pZEp1mnrnUELxTKCwI=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Ae2oWy2k3bpZhN2N0KJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4Zua3H1FpHst7M0nQj+hQ8pAzaqz08OSRnqJyKLBfrrhVdw6ySrycVCBHo1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42v3hKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/IzLJDUo2WJRmApiYjJ7nwy4QmbExBLKFLe3EjaiijJjQyrZELzll1dJ66LquVXv7rJSv87jKMIJnMI5eFCDOtxCA5rAQMIzvMKbo50X5935WLQWnHzmGP7A+fwBDcSQgA==</latexit><latexit sha1_base64="VkY7AsgH7pZEp1mnrnUELxTKCwI=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Ae2oWy2k3bpZhN2N0KJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4Zua3H1FpHst7M0nQj+hQ8pAzaqz08OSRnqJyKLBfrrhVdw6ySrycVCBHo1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42v3hKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/IzLJDUo2WJRmApiYjJ7nwy4QmbExBLKFLe3EjaiijJjQyrZELzll1dJ66LquVXv7rJSv87jKMIJnMI5eFCDOtxCA5rAQMIzvMKbo50X5935WLQWnHzmGP7A+fwBDcSQgA==</latexit><latexit sha1_base64="VkY7AsgH7pZEp1mnrnUELxTKCwI=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Ae2oWy2k3bpZhN2N0KJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4Zua3H1FpHst7M0nQj+hQ8pAzaqz08OSRnqJyKLBfrrhVdw6ySrycVCBHo1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42v3hKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/IzLJDUo2WJRmApiYjJ7nwy4QmbExBLKFLe3EjaiijJjQyrZELzll1dJ66LquVXv7rJSv87jKMIJnMI5eFCDOtxCA5rAQMIzvMKbo50X5935WLQWnHzmGP7A+fwBDcSQgA==</latexit><latexit sha1_base64="VkY7AsgH7pZEp1mnrnUELxTKCwI=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Ae2oWy2k3bpZhN2N0KJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4Zua3H1FpHst7M0nQj+hQ8pAzaqz08OSRnqJyKLBfrrhVdw6ySrycVCBHo1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42v3hKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/IzLJDUo2WJRmApiYjJ7nwy4QmbExBLKFLe3EjaiijJjQyrZELzll1dJ66LquVXv7rJSv87jKMIJnMI5eFCDOtxCA5rAQMIzvMKbo50X5935WLQWnHzmGP7A+fwBDcSQgA==</latexit>

+

|1i
<latexit sha1_base64="VkY7AsgH7pZEp1mnrnUELxTKCwI=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Ae2oWy2k3bpZhN2N0KJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4Zua3H1FpHst7M0nQj+hQ8pAzaqz08OSRnqJyKLBfrrhVdw6ySrycVCBHo1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42v3hKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/IzLJDUo2WJRmApiYjJ7nwy4QmbExBLKFLe3EjaiijJjQyrZELzll1dJ66LquVXv7rJSv87jKMIJnMI5eFCDOtxCA5rAQMIzvMKbo50X5935WLQWnHzmGP7A+fwBDcSQgA==</latexit><latexit sha1_base64="VkY7AsgH7pZEp1mnrnUELxTKCwI=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Ae2oWy2k3bpZhN2N0KJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4Zua3H1FpHst7M0nQj+hQ8pAzaqz08OSRnqJyKLBfrrhVdw6ySrycVCBHo1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42v3hKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/IzLJDUo2WJRmApiYjJ7nwy4QmbExBLKFLe3EjaiijJjQyrZELzll1dJ66LquVXv7rJSv87jKMIJnMI5eFCDOtxCA5rAQMIzvMKbo50X5935WLQWnHzmGP7A+fwBDcSQgA==</latexit><latexit sha1_base64="VkY7AsgH7pZEp1mnrnUELxTKCwI=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Ae2oWy2k3bpZhN2N0KJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4Zua3H1FpHst7M0nQj+hQ8pAzaqz08OSRnqJyKLBfrrhVdw6ySrycVCBHo1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42v3hKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/IzLJDUo2WJRmApiYjJ7nwy4QmbExBLKFLe3EjaiijJjQyrZELzll1dJ66LquVXv7rJSv87jKMIJnMI5eFCDOtxCA5rAQMIzvMKbo50X5935WLQWnHzmGP7A+fwBDcSQgA==</latexit><latexit sha1_base64="VkY7AsgH7pZEp1mnrnUELxTKCwI=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Ae2oWy2k3bpZhN2N0KJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4Zua3H1FpHst7M0nQj+hQ8pAzaqz08OSRnqJyKLBfrrhVdw6ySrycVCBHo1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42v3hKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/IzLJDUo2WJRmApiYjJ7nwy4QmbExBLKFLe3EjaiijJjQyrZELzll1dJ66LquVXv7rJSv87jKMIJnMI5eFCDOtxCA5rAQMIzvMKbo50X5935WLQWnHzmGP7A+fwBDcSQgA==</latexit>

|0i
<latexit sha1_base64="DGmzEx0U30tc7/g9hR8C3VG2KOU=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Ae2oWy2k3bpZhN2N0KJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4Zua3H1FpHst7M0nQj+hQ8pAzaqz08OSSnqJyKLBfrrhVdw6ySrycVCBHo1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42v3hKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/IzLJDUo2WJRmApiYjJ7nwy4QmbExBLKFLe3EjaiijJjQyrZELzll1dJ66LquVXv7rJSv87jKMIJnMI5eFCDOtxCA5rAQMIzvMKbo50X5935WLQWnHzmGP7A+fwBDDiQfw==</latexit><latexit sha1_base64="DGmzEx0U30tc7/g9hR8C3VG2KOU=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Ae2oWy2k3bpZhN2N0KJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4Zua3H1FpHst7M0nQj+hQ8pAzaqz08OSSnqJyKLBfrrhVdw6ySrycVCBHo1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42v3hKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/IzLJDUo2WJRmApiYjJ7nwy4QmbExBLKFLe3EjaiijJjQyrZELzll1dJ66LquVXv7rJSv87jKMIJnMI5eFCDOtxCA5rAQMIzvMKbo50X5935WLQWnHzmGP7A+fwBDDiQfw==</latexit><latexit sha1_base64="DGmzEx0U30tc7/g9hR8C3VG2KOU=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Ae2oWy2k3bpZhN2N0KJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4Zua3H1FpHst7M0nQj+hQ8pAzaqz08OSSnqJyKLBfrrhVdw6ySrycVCBHo1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42v3hKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/IzLJDUo2WJRmApiYjJ7nwy4QmbExBLKFLe3EjaiijJjQyrZELzll1dJ66LquVXv7rJSv87jKMIJnMI5eFCDOtxCA5rAQMIzvMKbo50X5935WLQWnHzmGP7A+fwBDDiQfw==</latexit><latexit sha1_base64="DGmzEx0U30tc7/g9hR8C3VG2KOU=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Ae2oWy2k3bpZhN2N0KJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4Zua3H1FpHst7M0nQj+hQ8pAzaqz08OSSnqJyKLBfrrhVdw6ySrycVCBHo1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42v3hKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/IzLJDUo2WJRmApiYjJ7nwy4QmbExBLKFLe3EjaiijJjQyrZELzll1dJ66LquVXv7rJSv87jKMIJnMI5eFCDOtxCA5rAQMIzvMKbo50X5935WLQWnHzmGP7A+fwBDDiQfw==</latexit>

|0i
<latexit sha1_base64="DGmzEx0U30tc7/g9hR8C3VG2KOU=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Ae2oWy2k3bpZhN2N0KJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4Zua3H1FpHst7M0nQj+hQ8pAzaqz08OSSnqJyKLBfrrhVdw6ySrycVCBHo1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42v3hKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/IzLJDUo2WJRmApiYjJ7nwy4QmbExBLKFLe3EjaiijJjQyrZELzll1dJ66LquVXv7rJSv87jKMIJnMI5eFCDOtxCA5rAQMIzvMKbo50X5935WLQWnHzmGP7A+fwBDDiQfw==</latexit><latexit sha1_base64="DGmzEx0U30tc7/g9hR8C3VG2KOU=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Ae2oWy2k3bpZhN2N0KJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4Zua3H1FpHst7M0nQj+hQ8pAzaqz08OSSnqJyKLBfrrhVdw6ySrycVCBHo1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42v3hKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/IzLJDUo2WJRmApiYjJ7nwy4QmbExBLKFLe3EjaiijJjQyrZELzll1dJ66LquVXv7rJSv87jKMIJnMI5eFCDOtxCA5rAQMIzvMKbo50X5935WLQWnHzmGP7A+fwBDDiQfw==</latexit><latexit sha1_base64="DGmzEx0U30tc7/g9hR8C3VG2KOU=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Ae2oWy2k3bpZhN2N0KJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4Zua3H1FpHst7M0nQj+hQ8pAzaqz08OSSnqJyKLBfrrhVdw6ySrycVCBHo1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42v3hKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/IzLJDUo2WJRmApiYjJ7nwy4QmbExBLKFLe3EjaiijJjQyrZELzll1dJ66LquVXv7rJSv87jKMIJnMI5eFCDOtxCA5rAQMIzvMKbo50X5935WLQWnHzmGP7A+fwBDDiQfw==</latexit><latexit sha1_base64="DGmzEx0U30tc7/g9hR8C3VG2KOU=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Ae2oWy2k3bpZhN2N0KJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4Zua3H1FpHst7M0nQj+hQ8pAzaqz08OSSnqJyKLBfrrhVdw6ySrycVCBHo1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42v3hKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/IzLJDUo2WJRmApiYjJ7nwy4QmbExBLKFLe3EjaiijJjQyrZELzll1dJ66LquVXv7rJSv87jKMIJnMI5eFCDOtxCA5rAQMIzvMKbo50X5935WLQWnHzmGP7A+fwBDDiQfw==</latexit>

|0i
<latexit sha1_base64="DGmzEx0U30tc7/g9hR8C3VG2KOU=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Ae2oWy2k3bpZhN2N0KJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4Zua3H1FpHst7M0nQj+hQ8pAzaqz08OSSnqJyKLBfrrhVdw6ySrycVCBHo1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42v3hKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/IzLJDUo2WJRmApiYjJ7nwy4QmbExBLKFLe3EjaiijJjQyrZELzll1dJ66LquVXv7rJSv87jKMIJnMI5eFCDOtxCA5rAQMIzvMKbo50X5935WLQWnHzmGP7A+fwBDDiQfw==</latexit><latexit sha1_base64="DGmzEx0U30tc7/g9hR8C3VG2KOU=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Ae2oWy2k3bpZhN2N0KJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4Zua3H1FpHst7M0nQj+hQ8pAzaqz08OSSnqJyKLBfrrhVdw6ySrycVCBHo1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42v3hKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/IzLJDUo2WJRmApiYjJ7nwy4QmbExBLKFLe3EjaiijJjQyrZELzll1dJ66LquVXv7rJSv87jKMIJnMI5eFCDOtxCA5rAQMIzvMKbo50X5935WLQWnHzmGP7A+fwBDDiQfw==</latexit><latexit sha1_base64="DGmzEx0U30tc7/g9hR8C3VG2KOU=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Ae2oWy2k3bpZhN2N0KJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4Zua3H1FpHst7M0nQj+hQ8pAzaqz08OSSnqJyKLBfrrhVdw6ySrycVCBHo1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42v3hKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/IzLJDUo2WJRmApiYjJ7nwy4QmbExBLKFLe3EjaiijJjQyrZELzll1dJ66LquVXv7rJSv87jKMIJnMI5eFCDOtxCA5rAQMIzvMKbo50X5935WLQWnHzmGP7A+fwBDDiQfw==</latexit><latexit sha1_base64="DGmzEx0U30tc7/g9hR8C3VG2KOU=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Ae2oWy2k3bpZhN2N0KJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4Zua3H1FpHst7M0nQj+hQ8pAzaqz08OSSnqJyKLBfrrhVdw6ySrycVCBHo1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42v3hKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/IzLJDUo2WJRmApiYjJ7nwy4QmbExBLKFLe3EjaiijJjQyrZELzll1dJ66LquVXv7rJSv87jKMIJnMI5eFCDOtxCA5rAQMIzvMKbo50X5935WLQWnHzmGP7A+fwBDDiQfw==</latexit>

H
<latexit sha1_base64="venyS6Wb6PztQ7mRn1xiaVoAroY=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRS48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ/dzvPKHSPJYPZpqgH9GR5CFn1FipWR+UK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasJbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXldqd3kcRTiDc7gED26gBnVoQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AnXmMzA==</latexit><latexit sha1_base64="venyS6Wb6PztQ7mRn1xiaVoAroY=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRS48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ/dzvPKHSPJYPZpqgH9GR5CFn1FipWR+UK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasJbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXldqd3kcRTiDc7gED26gBnVoQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AnXmMzA==</latexit><latexit sha1_base64="venyS6Wb6PztQ7mRn1xiaVoAroY=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRS48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ/dzvPKHSPJYPZpqgH9GR5CFn1FipWR+UK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasJbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXldqd3kcRTiDc7gED26gBnVoQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AnXmMzA==</latexit><latexit sha1_base64="venyS6Wb6PztQ7mRn1xiaVoAroY=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRS48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ/dzvPKHSPJYPZpqgH9GR5CFn1FipWR+UK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasJbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXldqd3kcRTiDc7gED26gBnVoQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AnXmMzA==</latexit>

H
<latexit sha1_base64="venyS6Wb6PztQ7mRn1xiaVoAroY=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRS48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ/dzvPKHSPJYPZpqgH9GR5CFn1FipWR+UK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasJbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXldqd3kcRTiDc7gED26gBnVoQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AnXmMzA==</latexit><latexit sha1_base64="venyS6Wb6PztQ7mRn1xiaVoAroY=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRS48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ/dzvPKHSPJYPZpqgH9GR5CFn1FipWR+UK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasJbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXldqd3kcRTiDc7gED26gBnVoQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AnXmMzA==</latexit><latexit sha1_base64="venyS6Wb6PztQ7mRn1xiaVoAroY=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRS48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ/dzvPKHSPJYPZpqgH9GR5CFn1FipWR+UK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasJbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXldqd3kcRTiDc7gED26gBnVoQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AnXmMzA==</latexit><latexit sha1_base64="venyS6Wb6PztQ7mRn1xiaVoAroY=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRS48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ/dzvPKHSPJYPZpqgH9GR5CFn1FipWR+UK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasJbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXldqd3kcRTiDc7gED26gBnVoQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AnXmMzA==</latexit>



Understanding decoherence

Entangling with an external system destroys interference

|Ei|0i !H |Ei 1p
2
(|0i+ |1i) !ent

1p
2
(|E0i|0i+ |E1i|1i)

<latexit sha1_base64="m2eJCgcbKlMG3wRSlVIDIEiItOs="></latexit><latexit sha1_base64="m2eJCgcbKlMG3wRSlVIDIEiItOs="></latexit><latexit sha1_base64="m2eJCgcbKlMG3wRSlVIDIEiItOs="></latexit><latexit sha1_base64="m2eJCgcbKlMG3wRSlVIDIEiItOs="></latexit>

!H

1p
2
(|E0i|+i+ |E1i|�i) = 1p

2
(|E0

0i|0i+ |E0
1i|1i)

<latexit sha1_base64="fV49nguBHIotzJRd5VBQZ0UryA4="></latexit><latexit sha1_base64="fV49nguBHIotzJRd5VBQZ0UryA4="></latexit><latexit sha1_base64="fV49nguBHIotzJRd5VBQZ0UryA4="></latexit><latexit sha1_base64="fV49nguBHIotzJRd5VBQZ0UryA4="></latexit>

50% chance of seeing 0

No interference!

This again explains why we don’t see quantum interference 
with everyday objects



Understanding decoherence

Decoherence is typically a gradual process

Some good news as well

Decoherence time is (roughly) how long it takes for the state 
to become maximally entangled with the environment

We can also disentangle things from the environment

How?

Let’s look at a very silly example



Understanding decoherence

|Mei(a|0i+ b|1i)|Ei
<latexit sha1_base64="SY3miMs5bXeQ8doPRVNteGGKLbs=">AAACHHicbVDLSgMxFM3UV62vqks3wSJUhDKjgi6LIrgRKtgHtKVk0ts2NJMZkoxQZvohbvwVNy4UceNC8G9M26lo64HAuefcy809bsCZ0rb9ZaUWFpeWV9KrmbX1jc2t7PZORfmhpFCmPvdlzSUKOBNQ1kxzqAUSiOdyqLr9y5FfvQepmC/u9CCApke6gnUYJdpIrexJfAO4IYnocsB5gmP7pzrCbuxMq0McX015K5uzC/YYeJ44CcmhBKVW9qPR9mnogdCUE6Xqjh3oZkSkZpTDMNMIFQSE9kkX6oYK4oFqRuPjhvjAKG3c8aV5QuOx+nsiIp5SA881nR7RPTXrjcT/vHqoO+fNiIkg1CDoZFEn5Fj7eJQUbjMJVPOBIYRKZv6KaY9IQrXJM2NCcGZPnieV44JjF5zb01zxIokjjfbQPsojB52hIrpGJVRGFD2gJ/SCXq1H69l6s94nrSkrmdlFf2B9fgNNVJ+k</latexit><latexit sha1_base64="SY3miMs5bXeQ8doPRVNteGGKLbs=">AAACHHicbVDLSgMxFM3UV62vqks3wSJUhDKjgi6LIrgRKtgHtKVk0ts2NJMZkoxQZvohbvwVNy4UceNC8G9M26lo64HAuefcy809bsCZ0rb9ZaUWFpeWV9KrmbX1jc2t7PZORfmhpFCmPvdlzSUKOBNQ1kxzqAUSiOdyqLr9y5FfvQepmC/u9CCApke6gnUYJdpIrexJfAO4IYnocsB5gmP7pzrCbuxMq0McX015K5uzC/YYeJ44CcmhBKVW9qPR9mnogdCUE6Xqjh3oZkSkZpTDMNMIFQSE9kkX6oYK4oFqRuPjhvjAKG3c8aV5QuOx+nsiIp5SA881nR7RPTXrjcT/vHqoO+fNiIkg1CDoZFEn5Fj7eJQUbjMJVPOBIYRKZv6KaY9IQrXJM2NCcGZPnieV44JjF5zb01zxIokjjfbQPsojB52hIrpGJVRGFD2gJ/SCXq1H69l6s94nrSkrmdlFf2B9fgNNVJ+k</latexit><latexit sha1_base64="SY3miMs5bXeQ8doPRVNteGGKLbs=">AAACHHicbVDLSgMxFM3UV62vqks3wSJUhDKjgi6LIrgRKtgHtKVk0ts2NJMZkoxQZvohbvwVNy4UceNC8G9M26lo64HAuefcy809bsCZ0rb9ZaUWFpeWV9KrmbX1jc2t7PZORfmhpFCmPvdlzSUKOBNQ1kxzqAUSiOdyqLr9y5FfvQepmC/u9CCApke6gnUYJdpIrexJfAO4IYnocsB5gmP7pzrCbuxMq0McX015K5uzC/YYeJ44CcmhBKVW9qPR9mnogdCUE6Xqjh3oZkSkZpTDMNMIFQSE9kkX6oYK4oFqRuPjhvjAKG3c8aV5QuOx+nsiIp5SA881nR7RPTXrjcT/vHqoO+fNiIkg1CDoZFEn5Fj7eJQUbjMJVPOBIYRKZv6KaY9IQrXJM2NCcGZPnieV44JjF5zb01zxIokjjfbQPsojB52hIrpGJVRGFD2gJ/SCXq1H69l6s94nrSkrmdlFf2B9fgNNVJ+k</latexit><latexit sha1_base64="SY3miMs5bXeQ8doPRVNteGGKLbs=">AAACHHicbVDLSgMxFM3UV62vqks3wSJUhDKjgi6LIrgRKtgHtKVk0ts2NJMZkoxQZvohbvwVNy4UceNC8G9M26lo64HAuefcy809bsCZ0rb9ZaUWFpeWV9KrmbX1jc2t7PZORfmhpFCmPvdlzSUKOBNQ1kxzqAUSiOdyqLr9y5FfvQepmC/u9CCApke6gnUYJdpIrexJfAO4IYnocsB5gmP7pzrCbuxMq0McX015K5uzC/YYeJ44CcmhBKVW9qPR9mnogdCUE6Xqjh3oZkSkZpTDMNMIFQSE9kkX6oYK4oFqRuPjhvjAKG3c8aV5QuOx+nsiIp5SA881nR7RPTXrjcT/vHqoO+fNiIkg1CDoZFEn5Fj7eJQUbjMJVPOBIYRKZv6KaY9IQrXJM2NCcGZPnieV44JjF5zb01zxIokjjfbQPsojB52hIrpGJVRGFD2gJ/SCXq1H69l6s94nrSkrmdlFf2B9fgNNVJ+k</latexit>

|Mei(a|0i|E0i+ b|1i|E1i)
<latexit sha1_base64="X+nhR3qX4rJkDA0nXA+ukS4eOfQ=">AAACK3icbVBJSwMxFM641rqNevQSLEJFKDMi6LFUBC9CBbtAO5RM+tqGZjJDkhHKtP/Hi3/Fgx5c8Or/MF2otfVB4Fve4+V9fsSZ0o7zYS0tr6yurac20ptb2zu79t5+WYWxpFCiIQ9l1ScKOBNQ0kxzqEYSSOBzqPjdq6FfeQCpWCjudS8CLyBtwVqMEm2khl3o3wKuSyLaHHCW4L4zZf3rxi85xX7fnbWm5KRhZ5ycMyq8CNwJyKBJFRv2S70Z0jgAoSknStVcJ9JeQqRmlMMgXY8VRIR2SRtqBgoSgPKS0a0DfGyUJm6F0jyh8UidnUhIoFQv8E1nQHRHzXtD8T+vFuvWpZcwEcUaBB0vasUc6xAPg8NNJoFq3jOAUMnMXzHtEEmoNvGmTQju/MmLoHyWc52ce3eeyRcmcaTQITpCWeSiC5RHN6iISoiiR/SM3tC79WS9Wp/W17h1yZrMHKA/ZX3/AChApS8=</latexit><latexit sha1_base64="X+nhR3qX4rJkDA0nXA+ukS4eOfQ=">AAACK3icbVBJSwMxFM641rqNevQSLEJFKDMi6LFUBC9CBbtAO5RM+tqGZjJDkhHKtP/Hi3/Fgx5c8Or/MF2otfVB4Fve4+V9fsSZ0o7zYS0tr6yurac20ptb2zu79t5+WYWxpFCiIQ9l1ScKOBNQ0kxzqEYSSOBzqPjdq6FfeQCpWCjudS8CLyBtwVqMEm2khl3o3wKuSyLaHHCW4L4zZf3rxi85xX7fnbWm5KRhZ5ycMyq8CNwJyKBJFRv2S70Z0jgAoSknStVcJ9JeQqRmlMMgXY8VRIR2SRtqBgoSgPKS0a0DfGyUJm6F0jyh8UidnUhIoFQv8E1nQHRHzXtD8T+vFuvWpZcwEcUaBB0vasUc6xAPg8NNJoFq3jOAUMnMXzHtEEmoNvGmTQju/MmLoHyWc52ce3eeyRcmcaTQITpCWeSiC5RHN6iISoiiR/SM3tC79WS9Wp/W17h1yZrMHKA/ZX3/AChApS8=</latexit><latexit sha1_base64="X+nhR3qX4rJkDA0nXA+ukS4eOfQ=">AAACK3icbVBJSwMxFM641rqNevQSLEJFKDMi6LFUBC9CBbtAO5RM+tqGZjJDkhHKtP/Hi3/Fgx5c8Or/MF2otfVB4Fve4+V9fsSZ0o7zYS0tr6yurac20ptb2zu79t5+WYWxpFCiIQ9l1ScKOBNQ0kxzqEYSSOBzqPjdq6FfeQCpWCjudS8CLyBtwVqMEm2khl3o3wKuSyLaHHCW4L4zZf3rxi85xX7fnbWm5KRhZ5ycMyq8CNwJyKBJFRv2S70Z0jgAoSknStVcJ9JeQqRmlMMgXY8VRIR2SRtqBgoSgPKS0a0DfGyUJm6F0jyh8UidnUhIoFQv8E1nQHRHzXtD8T+vFuvWpZcwEcUaBB0vasUc6xAPg8NNJoFq3jOAUMnMXzHtEEmoNvGmTQju/MmLoHyWc52ce3eeyRcmcaTQITpCWeSiC5RHN6iISoiiR/SM3tC79WS9Wp/W17h1yZrMHKA/ZX3/AChApS8=</latexit><latexit sha1_base64="X+nhR3qX4rJkDA0nXA+ukS4eOfQ=">AAACK3icbVBJSwMxFM641rqNevQSLEJFKDMi6LFUBC9CBbtAO5RM+tqGZjJDkhHKtP/Hi3/Fgx5c8Or/MF2otfVB4Fve4+V9fsSZ0o7zYS0tr6yurac20ptb2zu79t5+WYWxpFCiIQ9l1ScKOBNQ0kxzqEYSSOBzqPjdq6FfeQCpWCjudS8CLyBtwVqMEm2khl3o3wKuSyLaHHCW4L4zZf3rxi85xX7fnbWm5KRhZ5ycMyq8CNwJyKBJFRv2S70Z0jgAoSknStVcJ9JeQqRmlMMgXY8VRIR2SRtqBgoSgPKS0a0DfGyUJm6F0jyh8UidnUhIoFQv8E1nQHRHzXtD8T+vFuvWpZcwEcUaBB0vasUc6xAPg8NNJoFq3jOAUMnMXzHtEEmoNvGmTQju/MmLoHyWc52ce3eeyRcmcaTQITpCWeSiC5RHN6iISoiiR/SM3tC79WS9Wp/W17h1yZrMHKA/ZX3/AChApS8=</latexit>

Suppose I measure in computational basis

(a|Me0i|0i|E0i+ b|Me1i|1i|E1i)
<latexit sha1_base64="g1Z59qvHVp216ULIg29Bl8pyyaU=">AAACPXicbVBLSwMxGMzWV62vVY9egkWoCGVXBD0WRfAiVOgL2lKy6dc2NJtdkqxQtv1jXvwP3rx58aCIV6+m7aK1dSAwmZmP5Bsv5Expx3m2UkvLK6tr6fXMxubW9o69u1dRQSQplGnAA1nziALOBJQ10xxqoQTiexyqXv9q7FfvQSoWiJIehND0SVewDqNEG6lll3CO4OEttBzckER0OeDhDL2e0U+wN0m6v7Y7m/y5HLfsrJN3JsCLxE1IFiUotuynRjugkQ9CU06UqrtOqJsxkZpRDqNMI1IQEtonXagbKogPqhlPth/hI6O0cSeQ5giNJ+rsREx8pQa+Z5I+0T01743F/7x6pDsXzZiJMNIg6PShTsSxDvC4StxmEqjmA0MIlcz8FdMekYRqU3jGlODOr7xIKqd518m7d2fZwmVSRxodoEOUQy46RwV0g4qojCh6QC/oDb1bj9ar9WF9TqMpK5nZR39gfX0D8SOrhQ==</latexit><latexit sha1_base64="g1Z59qvHVp216ULIg29Bl8pyyaU=">AAACPXicbVBLSwMxGMzWV62vVY9egkWoCGVXBD0WRfAiVOgL2lKy6dc2NJtdkqxQtv1jXvwP3rx58aCIV6+m7aK1dSAwmZmP5Bsv5Expx3m2UkvLK6tr6fXMxubW9o69u1dRQSQplGnAA1nziALOBJQ10xxqoQTiexyqXv9q7FfvQSoWiJIehND0SVewDqNEG6lll3CO4OEttBzckER0OeDhDL2e0U+wN0m6v7Y7m/y5HLfsrJN3JsCLxE1IFiUotuynRjugkQ9CU06UqrtOqJsxkZpRDqNMI1IQEtonXagbKogPqhlPth/hI6O0cSeQ5giNJ+rsREx8pQa+Z5I+0T01743F/7x6pDsXzZiJMNIg6PShTsSxDvC4StxmEqjmA0MIlcz8FdMekYRqU3jGlODOr7xIKqd518m7d2fZwmVSRxodoEOUQy46RwV0g4qojCh6QC/oDb1bj9ar9WF9TqMpK5nZR39gfX0D8SOrhQ==</latexit><latexit sha1_base64="g1Z59qvHVp216ULIg29Bl8pyyaU=">AAACPXicbVBLSwMxGMzWV62vVY9egkWoCGVXBD0WRfAiVOgL2lKy6dc2NJtdkqxQtv1jXvwP3rx58aCIV6+m7aK1dSAwmZmP5Bsv5Expx3m2UkvLK6tr6fXMxubW9o69u1dRQSQplGnAA1nziALOBJQ10xxqoQTiexyqXv9q7FfvQSoWiJIehND0SVewDqNEG6lll3CO4OEttBzckER0OeDhDL2e0U+wN0m6v7Y7m/y5HLfsrJN3JsCLxE1IFiUotuynRjugkQ9CU06UqrtOqJsxkZpRDqNMI1IQEtonXagbKogPqhlPth/hI6O0cSeQ5giNJ+rsREx8pQa+Z5I+0T01743F/7x6pDsXzZiJMNIg6PShTsSxDvC4StxmEqjmA0MIlcz8FdMekYRqU3jGlODOr7xIKqd518m7d2fZwmVSRxodoEOUQy46RwV0g4qojCh6QC/oDb1bj9ar9WF9TqMpK5nZR39gfX0D8SOrhQ==</latexit><latexit sha1_base64="g1Z59qvHVp216ULIg29Bl8pyyaU=">AAACPXicbVBLSwMxGMzWV62vVY9egkWoCGVXBD0WRfAiVOgL2lKy6dc2NJtdkqxQtv1jXvwP3rx58aCIV6+m7aK1dSAwmZmP5Bsv5Expx3m2UkvLK6tr6fXMxubW9o69u1dRQSQplGnAA1nziALOBJQ10xxqoQTiexyqXv9q7FfvQSoWiJIehND0SVewDqNEG6lll3CO4OEttBzckER0OeDhDL2e0U+wN0m6v7Y7m/y5HLfsrJN3JsCLxE1IFiUotuynRjugkQ9CU06UqrtOqJsxkZpRDqNMI1IQEtonXagbKogPqhlPth/hI6O0cSeQ5giNJ+rsREx8pQa+Z5I+0T01743F/7x6pDsXzZiJMNIg6PShTsSxDvC4StxmEqjmA0MIlcz8FdMekYRqU3jGlODOr7xIKqd518m7d2fZwmVSRxodoEOUQy46RwV0g4qojCh6QC/oDb1bj9ar9WF9TqMpK5nZR39gfX0D8SOrhQ==</latexit>

If I see 0 do nothing; if I see 1 flip it!

(a|Me0i|E0i+ b|Me1i|E1i)|0i
<latexit sha1_base64="FMN5E6DirkgmapA5guRc31ySLXQ=">AAACNHicbVBbSwJBFJ7tanbb6rGXIQmMQHYjqEcpgiACg7yAisyOZ3VwdnaZmQ1E/VG99EN6iaCHInrtNzTqGqkdGPgu53DmfF7EmdKO82otLC4tr6ym1tLrG5tb2/bObkmFsaRQpCEPZcUjCjgTUNRMc6hEEkjgcSh7ncuhX34AqVgo7nU3gnpAWoL5jBJtpIZ9g7ME92+h4WBck0S0OOD+lWETcoy9ke9O+e6EHOH+b2/Dzjg5Z1R4HrgJyKCkCg37udYMaRyA0JQTpaquE+l6j0jNKIdBuhYriAjtkBZUDRQkAFXvjY4e4EOjNLEfSvOExiP170SPBEp1A890BkS31aw3FP/zqrH2z+s9JqJYg6DjRX7MsQ7xMEHcZBKo5l0DCJXM/BXTNpGEapNz2oTgzp48D0onOdfJuXenmfxFEkcK7aMDlEUuOkN5dI0KqIgoekQv6B19WE/Wm/VpfY1bF6xkZg9NlfX9A0cGp6k=</latexit><latexit sha1_base64="FMN5E6DirkgmapA5guRc31ySLXQ=">AAACNHicbVBbSwJBFJ7tanbb6rGXIQmMQHYjqEcpgiACg7yAisyOZ3VwdnaZmQ1E/VG99EN6iaCHInrtNzTqGqkdGPgu53DmfF7EmdKO82otLC4tr6ym1tLrG5tb2/bObkmFsaRQpCEPZcUjCjgTUNRMc6hEEkjgcSh7ncuhX34AqVgo7nU3gnpAWoL5jBJtpIZ9g7ME92+h4WBck0S0OOD+lWETcoy9ke9O+e6EHOH+b2/Dzjg5Z1R4HrgJyKCkCg37udYMaRyA0JQTpaquE+l6j0jNKIdBuhYriAjtkBZUDRQkAFXvjY4e4EOjNLEfSvOExiP170SPBEp1A890BkS31aw3FP/zqrH2z+s9JqJYg6DjRX7MsQ7xMEHcZBKo5l0DCJXM/BXTNpGEapNz2oTgzp48D0onOdfJuXenmfxFEkcK7aMDlEUuOkN5dI0KqIgoekQv6B19WE/Wm/VpfY1bF6xkZg9NlfX9A0cGp6k=</latexit><latexit sha1_base64="FMN5E6DirkgmapA5guRc31ySLXQ=">AAACNHicbVBbSwJBFJ7tanbb6rGXIQmMQHYjqEcpgiACg7yAisyOZ3VwdnaZmQ1E/VG99EN6iaCHInrtNzTqGqkdGPgu53DmfF7EmdKO82otLC4tr6ym1tLrG5tb2/bObkmFsaRQpCEPZcUjCjgTUNRMc6hEEkjgcSh7ncuhX34AqVgo7nU3gnpAWoL5jBJtpIZ9g7ME92+h4WBck0S0OOD+lWETcoy9ke9O+e6EHOH+b2/Dzjg5Z1R4HrgJyKCkCg37udYMaRyA0JQTpaquE+l6j0jNKIdBuhYriAjtkBZUDRQkAFXvjY4e4EOjNLEfSvOExiP170SPBEp1A890BkS31aw3FP/zqrH2z+s9JqJYg6DjRX7MsQ7xMEHcZBKo5l0DCJXM/BXTNpGEapNz2oTgzp48D0onOdfJuXenmfxFEkcK7aMDlEUuOkN5dI0KqIgoekQv6B19WE/Wm/VpfY1bF6xkZg9NlfX9A0cGp6k=</latexit><latexit sha1_base64="FMN5E6DirkgmapA5guRc31ySLXQ=">AAACNHicbVBbSwJBFJ7tanbb6rGXIQmMQHYjqEcpgiACg7yAisyOZ3VwdnaZmQ1E/VG99EN6iaCHInrtNzTqGqkdGPgu53DmfF7EmdKO82otLC4tr6ym1tLrG5tb2/bObkmFsaRQpCEPZcUjCjgTUNRMc6hEEkjgcSh7ncuhX34AqVgo7nU3gnpAWoL5jBJtpIZ9g7ME92+h4WBck0S0OOD+lWETcoy9ke9O+e6EHOH+b2/Dzjg5Z1R4HrgJyKCkCg37udYMaRyA0JQTpaquE+l6j0jNKIdBuhYriAjtkBZUDRQkAFXvjY4e4EOjNLEfSvOExiP170SPBEp1A890BkS31aw3FP/zqrH2z+s9JqJYg6DjRX7MsQ7xMEHcZBKo5l0DCJXM/BXTNpGEapNz2oTgzp48D0onOdfJuXenmfxFEkcK7aMDlEUuOkN5dI0KqIgoekQv6B19WE/Wm/VpfY1bF6xkZg9NlfX9A0cGp6k=</latexit>

I’ve made a qubit that is disentangled from both me and 
the environment

Of course, we’ve lost the original information 
so this isn’t very useful (except for initialising system)



Understanding decoherence

While this entangling view of decoherence tells us 
why it happens, it’s not very useful “practically”

Can be shown that it’s equivalent to

| i = a|0i+ b|1i
<latexit sha1_base64="BRxZ3W2naTE9ydHjY8xuIM3JlXQ=">AAACFHicbVDLSgMxFL1TX7W+Rl26CRZBKJQZEXQjFN24rGAf0Cklk2ba0ExmSDJCmfYj3Pgrblwo4taFO//GtB1FWw8Ezj3nXm7u8WPOlHacTyu3tLyyupZfL2xsbm3v2Lt7dRUlktAaiXgkmz5WlDNBa5ppTpuxpDj0OW34g6uJ37ijUrFI3OphTNsh7gkWMIK1kTp2aYS8WDHkSSx6nKILhEfOT1VCPhq532XHLjplZwq0SNyMFCFDtWN/eN2IJCEVmnCsVMt1Yt1OsdSMcDoueImiMSYD3KMtQwUOqWqn06PG6MgoXRRE0jyh0VT9PZHiUKlh6JvOEOu+mvcm4n9eK9HBeTtlIk40FWS2KEg40hGaJIS6TFKi+dAQTCQzf0WkjyUm2uRYMCG48ycvkvpJ2XXK7s1psXKZxZGHAziEY3DhDCpwDVWoAYF7eIRneLEerCfr1XqbteasbGYf/sB6/wKTZZyg</latexit><latexit sha1_base64="BRxZ3W2naTE9ydHjY8xuIM3JlXQ=">AAACFHicbVDLSgMxFL1TX7W+Rl26CRZBKJQZEXQjFN24rGAf0Cklk2ba0ExmSDJCmfYj3Pgrblwo4taFO//GtB1FWw8Ezj3nXm7u8WPOlHacTyu3tLyyupZfL2xsbm3v2Lt7dRUlktAaiXgkmz5WlDNBa5ppTpuxpDj0OW34g6uJ37ijUrFI3OphTNsh7gkWMIK1kTp2aYS8WDHkSSx6nKILhEfOT1VCPhq532XHLjplZwq0SNyMFCFDtWN/eN2IJCEVmnCsVMt1Yt1OsdSMcDoueImiMSYD3KMtQwUOqWqn06PG6MgoXRRE0jyh0VT9PZHiUKlh6JvOEOu+mvcm4n9eK9HBeTtlIk40FWS2KEg40hGaJIS6TFKi+dAQTCQzf0WkjyUm2uRYMCG48ycvkvpJ2XXK7s1psXKZxZGHAziEY3DhDCpwDVWoAYF7eIRneLEerCfr1XqbteasbGYf/sB6/wKTZZyg</latexit><latexit sha1_base64="BRxZ3W2naTE9ydHjY8xuIM3JlXQ=">AAACFHicbVDLSgMxFL1TX7W+Rl26CRZBKJQZEXQjFN24rGAf0Cklk2ba0ExmSDJCmfYj3Pgrblwo4taFO//GtB1FWw8Ezj3nXm7u8WPOlHacTyu3tLyyupZfL2xsbm3v2Lt7dRUlktAaiXgkmz5WlDNBa5ppTpuxpDj0OW34g6uJ37ijUrFI3OphTNsh7gkWMIK1kTp2aYS8WDHkSSx6nKILhEfOT1VCPhq532XHLjplZwq0SNyMFCFDtWN/eN2IJCEVmnCsVMt1Yt1OsdSMcDoueImiMSYD3KMtQwUOqWqn06PG6MgoXRRE0jyh0VT9PZHiUKlh6JvOEOu+mvcm4n9eK9HBeTtlIk40FWS2KEg40hGaJIS6TFKi+dAQTCQzf0WkjyUm2uRYMCG48ycvkvpJ2XXK7s1psXKZxZGHAziEY3DhDCpwDVWoAYF7eIRneLEerCfr1XqbteasbGYf/sB6/wKTZZyg</latexit><latexit sha1_base64="BRxZ3W2naTE9ydHjY8xuIM3JlXQ=">AAACFHicbVDLSgMxFL1TX7W+Rl26CRZBKJQZEXQjFN24rGAf0Cklk2ba0ExmSDJCmfYj3Pgrblwo4taFO//GtB1FWw8Ezj3nXm7u8WPOlHacTyu3tLyyupZfL2xsbm3v2Lt7dRUlktAaiXgkmz5WlDNBa5ppTpuxpDj0OW34g6uJ37ijUrFI3OphTNsh7gkWMIK1kTp2aYS8WDHkSSx6nKILhEfOT1VCPhq532XHLjplZwq0SNyMFCFDtWN/eN2IJCEVmnCsVMt1Yt1OsdSMcDoueImiMSYD3KMtQwUOqWqn06PG6MgoXRRE0jyh0VT9PZHiUKlh6JvOEOu+mvcm4n9eK9HBeTtlIk40FWS2KEg40hGaJIS6TFKi+dAQTCQzf0WkjyUm2uRYMCG48ycvkvpJ2XXK7s1psXKZxZGHAziEY3DhDCpwDVWoAYF7eIRneLEerCfr1XqbteasbGYf/sB6/wKTZZyg</latexit>

| i
<latexit sha1_base64="mFLzTGCBIgob+EOhZk49qa5B08c=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaWDbbSbt0swm7G6XE/g8vHhTx6n/x5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0PfVbD6g0j+WdGSfoR3QgecgZNVa6fyLdRHPSVVQOBPbKFbfqzkCWiZeTCuSo98pf3X7M0gilYYJq3fHcxPgZVYYzgZNSN9WYUDaiA+xYKmmE2s9mV0/IiVX6JIyVLWnITP09kdFI63EU2M6ImqFe9Kbif14nNeGln3GZpAYlmy8KU0FMTKYRkD5XyIwYW0KZ4vZWwoZUUWZsUCUbgrf48jJpnlU9t+rdnldqV3kcRTiCYzgFDy6gBjdQhwYwUPAMr/DmPDovzrvzMW8tOPnMIfyB8/kDHECSPw==</latexit><latexit sha1_base64="mFLzTGCBIgob+EOhZk49qa5B08c=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaWDbbSbt0swm7G6XE/g8vHhTx6n/x5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0PfVbD6g0j+WdGSfoR3QgecgZNVa6fyLdRHPSVVQOBPbKFbfqzkCWiZeTCuSo98pf3X7M0gilYYJq3fHcxPgZVYYzgZNSN9WYUDaiA+xYKmmE2s9mV0/IiVX6JIyVLWnITP09kdFI63EU2M6ImqFe9Kbif14nNeGln3GZpAYlmy8KU0FMTKYRkD5XyIwYW0KZ4vZWwoZUUWZsUCUbgrf48jJpnlU9t+rdnldqV3kcRTiCYzgFDy6gBjdQhwYwUPAMr/DmPDovzrvzMW8tOPnMIfyB8/kDHECSPw==</latexit><latexit sha1_base64="mFLzTGCBIgob+EOhZk49qa5B08c=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaWDbbSbt0swm7G6XE/g8vHhTx6n/x5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0PfVbD6g0j+WdGSfoR3QgecgZNVa6fyLdRHPSVVQOBPbKFbfqzkCWiZeTCuSo98pf3X7M0gilYYJq3fHcxPgZVYYzgZNSN9WYUDaiA+xYKmmE2s9mV0/IiVX6JIyVLWnITP09kdFI63EU2M6ImqFe9Kbif14nNeGln3GZpAYlmy8KU0FMTKYRkD5XyIwYW0KZ4vZWwoZUUWZsUCUbgrf48jJpnlU9t+rdnldqV3kcRTiCYzgFDy6gBjdQhwYwUPAMr/DmPDovzrvzMW8tOPnMIfyB8/kDHECSPw==</latexit><latexit sha1_base64="mFLzTGCBIgob+EOhZk49qa5B08c=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaWDbbSbt0swm7G6XE/g8vHhTx6n/x5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0PfVbD6g0j+WdGSfoR3QgecgZNVa6fyLdRHPSVVQOBPbKFbfqzkCWiZeTCuSo98pf3X7M0gilYYJq3fHcxPgZVYYzgZNSN9WYUDaiA+xYKmmE2s9mV0/IiVX6JIyVLWnITP09kdFI63EU2M6ImqFe9Kbif14nNeGln3GZpAYlmy8KU0FMTKYRkD5XyIwYW0KZ4vZWwoZUUWZsUCUbgrf48jJpnlU9t+rdnldqV3kcRTiCYzgFDy6gBjdQhwYwUPAMr/DmPDovzrvzMW8tOPnMIfyB8/kDHECSPw==</latexit>

X| i
<latexit sha1_base64="MO8PTxIVNbuehm0fJeFkjLcS9Tk=">AAAB+HicbVBNS8NAEJ3Ur1o/WvXoZbEInkoigh6LXjxWsB/QhLLZTtqlm03Y3Qi19pd48aCIV3+KN/+N2zYHbX0w8Hhvhpl5YSq4Nq777RTW1jc2t4rbpZ3dvf1y5eCwpZNMMWyyRCSqE1KNgktsGm4EdlKFNA4FtsPRzcxvP6DSPJH3ZpxiENOB5BFn1FipVyl3noifak58ReVAYK9SdWvuHGSVeDmpQo5Gr/Ll9xOWxSgNE1TrruemJphQZTgTOC35mcaUshEdYNdSSWPUwWR++JScWqVPokTZkobM1d8TExprPY5D2xlTM9TL3kz8z+tmJroKJlymmUHJFouiTBCTkFkKpM8VMiPGllCmuL2VsCFVlBmbVcmG4C2/vEpa5zXPrXl3F9X6dR5HEY7hBM7Ag0uowy00oAkMMniGV3hzHp0X5935WLQWnHzmCP7A+fwBQzKS0g==</latexit><latexit sha1_base64="MO8PTxIVNbuehm0fJeFkjLcS9Tk=">AAAB+HicbVBNS8NAEJ3Ur1o/WvXoZbEInkoigh6LXjxWsB/QhLLZTtqlm03Y3Qi19pd48aCIV3+KN/+N2zYHbX0w8Hhvhpl5YSq4Nq777RTW1jc2t4rbpZ3dvf1y5eCwpZNMMWyyRCSqE1KNgktsGm4EdlKFNA4FtsPRzcxvP6DSPJH3ZpxiENOB5BFn1FipVyl3noifak58ReVAYK9SdWvuHGSVeDmpQo5Gr/Ll9xOWxSgNE1TrruemJphQZTgTOC35mcaUshEdYNdSSWPUwWR++JScWqVPokTZkobM1d8TExprPY5D2xlTM9TL3kz8z+tmJroKJlymmUHJFouiTBCTkFkKpM8VMiPGllCmuL2VsCFVlBmbVcmG4C2/vEpa5zXPrXl3F9X6dR5HEY7hBM7Ag0uowy00oAkMMniGV3hzHp0X5935WLQWnHzmCP7A+fwBQzKS0g==</latexit><latexit sha1_base64="MO8PTxIVNbuehm0fJeFkjLcS9Tk=">AAAB+HicbVBNS8NAEJ3Ur1o/WvXoZbEInkoigh6LXjxWsB/QhLLZTtqlm03Y3Qi19pd48aCIV3+KN/+N2zYHbX0w8Hhvhpl5YSq4Nq777RTW1jc2t4rbpZ3dvf1y5eCwpZNMMWyyRCSqE1KNgktsGm4EdlKFNA4FtsPRzcxvP6DSPJH3ZpxiENOB5BFn1FipVyl3noifak58ReVAYK9SdWvuHGSVeDmpQo5Gr/Ll9xOWxSgNE1TrruemJphQZTgTOC35mcaUshEdYNdSSWPUwWR++JScWqVPokTZkobM1d8TExprPY5D2xlTM9TL3kz8z+tmJroKJlymmUHJFouiTBCTkFkKpM8VMiPGllCmuL2VsCFVlBmbVcmG4C2/vEpa5zXPrXl3F9X6dR5HEY7hBM7Ag0uowy00oAkMMniGV3hzHp0X5935WLQWnHzmCP7A+fwBQzKS0g==</latexit><latexit sha1_base64="MO8PTxIVNbuehm0fJeFkjLcS9Tk=">AAAB+HicbVBNS8NAEJ3Ur1o/WvXoZbEInkoigh6LXjxWsB/QhLLZTtqlm03Y3Qi19pd48aCIV3+KN/+N2zYHbX0w8Hhvhpl5YSq4Nq777RTW1jc2t4rbpZ3dvf1y5eCwpZNMMWyyRCSqE1KNgktsGm4EdlKFNA4FtsPRzcxvP6DSPJH3ZpxiENOB5BFn1FipVyl3noifak58ReVAYK9SdWvuHGSVeDmpQo5Gr/Ll9xOWxSgNE1TrruemJphQZTgTOC35mcaUshEdYNdSSWPUwWR++JScWqVPokTZkobM1d8TExprPY5D2xlTM9TL3kz8z+tmJroKJlymmUHJFouiTBCTkFkKpM8VMiPGllCmuL2VsCFVlBmbVcmG4C2/vEpa5zXPrXl3F9X6dR5HEY7hBM7Ag0uowy00oAkMMniGV3hzHp0X5935WLQWnHzmCP7A+fwBQzKS0g==</latexit>

Z| i
<latexit sha1_base64="8rD66L8Ic55xRYO6/9tgka1qCVA=">AAAB+HicbVBNS8NAEJ34WetHox69LBbBU0lE0GPRi8cK9gPbUDbbSbt0swm7G6HW/hIvHhTx6k/x5r9x2+agrQ8GHu/NMDMvTAXXxvO+nZXVtfWNzcJWcXtnd6/k7h80dJIphnWWiES1QqpRcIl1w43AVqqQxqHAZji8nvrNB1SaJ/LOjFIMYtqXPOKMGit13dL9E+mkmpOOorIvsOuWvYo3A1kmfk7KkKPWdb86vYRlMUrDBNW67XupCcZUGc4EToqdTGNK2ZD2sW2ppDHqYDw7fEJOrNIjUaJsSUNm6u+JMY21HsWh7YypGehFbyr+57UzE10GYy7TzKBk80VRJohJyDQF0uMKmREjSyhT3N5K2IAqyozNqmhD8BdfXiaNs4rvVfzb83L1Ko+jAEdwDKfgwwVU4QZqUAcGGTzDK7w5j86L8+58zFtXnHzmEP7A+fwBRlaS1A==</latexit><latexit sha1_base64="8rD66L8Ic55xRYO6/9tgka1qCVA=">AAAB+HicbVBNS8NAEJ34WetHox69LBbBU0lE0GPRi8cK9gPbUDbbSbt0swm7G6HW/hIvHhTx6k/x5r9x2+agrQ8GHu/NMDMvTAXXxvO+nZXVtfWNzcJWcXtnd6/k7h80dJIphnWWiES1QqpRcIl1w43AVqqQxqHAZji8nvrNB1SaJ/LOjFIMYtqXPOKMGit13dL9E+mkmpOOorIvsOuWvYo3A1kmfk7KkKPWdb86vYRlMUrDBNW67XupCcZUGc4EToqdTGNK2ZD2sW2ppDHqYDw7fEJOrNIjUaJsSUNm6u+JMY21HsWh7YypGehFbyr+57UzE10GYy7TzKBk80VRJohJyDQF0uMKmREjSyhT3N5K2IAqyozNqmhD8BdfXiaNs4rvVfzb83L1Ko+jAEdwDKfgwwVU4QZqUAcGGTzDK7w5j86L8+58zFtXnHzmEP7A+fwBRlaS1A==</latexit><latexit sha1_base64="8rD66L8Ic55xRYO6/9tgka1qCVA=">AAAB+HicbVBNS8NAEJ34WetHox69LBbBU0lE0GPRi8cK9gPbUDbbSbt0swm7G6HW/hIvHhTx6k/x5r9x2+agrQ8GHu/NMDMvTAXXxvO+nZXVtfWNzcJWcXtnd6/k7h80dJIphnWWiES1QqpRcIl1w43AVqqQxqHAZji8nvrNB1SaJ/LOjFIMYtqXPOKMGit13dL9E+mkmpOOorIvsOuWvYo3A1kmfk7KkKPWdb86vYRlMUrDBNW67XupCcZUGc4EToqdTGNK2ZD2sW2ppDHqYDw7fEJOrNIjUaJsSUNm6u+JMY21HsWh7YypGehFbyr+57UzE10GYy7TzKBk80VRJohJyDQF0uMKmREjSyhT3N5K2IAqyozNqmhD8BdfXiaNs4rvVfzb83L1Ko+jAEdwDKfgwwVU4QZqUAcGGTzDK7w5j86L8+58zFtXnHzmEP7A+fwBRlaS1A==</latexit><latexit sha1_base64="8rD66L8Ic55xRYO6/9tgka1qCVA=">AAAB+HicbVBNS8NAEJ34WetHox69LBbBU0lE0GPRi8cK9gPbUDbbSbt0swm7G6HW/hIvHhTx6k/x5r9x2+agrQ8GHu/NMDMvTAXXxvO+nZXVtfWNzcJWcXtnd6/k7h80dJIphnWWiES1QqpRcIl1w43AVqqQxqHAZji8nvrNB1SaJ/LOjFIMYtqXPOKMGit13dL9E+mkmpOOorIvsOuWvYo3A1kmfk7KkKPWdb86vYRlMUrDBNW67XupCcZUGc4EToqdTGNK2ZD2sW2ppDHqYDw7fEJOrNIjUaJsSUNm6u+JMY21HsWh7YypGehFbyr+57UzE10GYy7TzKBk80VRJohJyDQF0uMKmREjSyhT3N5K2IAqyozNqmhD8BdfXiaNs4rvVfzb83L1Ko+jAEdwDKfgwwVU4QZqUAcGGTzDK7w5j86L8+58zFtXnHzmEP7A+fwBRlaS1A==</latexit>

XZ| i
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Decoherence Interaction with  
environment



Understanding decoherence

While this entangling view of decoherence tells us 
why it happens, it’s not very useful “practically”

Can be shown that it’s equivalent to

| i = a|0i+ b|1i
<latexit sha1_base64="BRxZ3W2naTE9ydHjY8xuIM3JlXQ=">AAACFHicbVDLSgMxFL1TX7W+Rl26CRZBKJQZEXQjFN24rGAf0Cklk2ba0ExmSDJCmfYj3Pgrblwo4taFO//GtB1FWw8Ezj3nXm7u8WPOlHacTyu3tLyyupZfL2xsbm3v2Lt7dRUlktAaiXgkmz5WlDNBa5ppTpuxpDj0OW34g6uJ37ijUrFI3OphTNsh7gkWMIK1kTp2aYS8WDHkSSx6nKILhEfOT1VCPhq532XHLjplZwq0SNyMFCFDtWN/eN2IJCEVmnCsVMt1Yt1OsdSMcDoueImiMSYD3KMtQwUOqWqn06PG6MgoXRRE0jyh0VT9PZHiUKlh6JvOEOu+mvcm4n9eK9HBeTtlIk40FWS2KEg40hGaJIS6TFKi+dAQTCQzf0WkjyUm2uRYMCG48ycvkvpJ2XXK7s1psXKZxZGHAziEY3DhDCpwDVWoAYF7eIRneLEerCfr1XqbteasbGYf/sB6/wKTZZyg</latexit><latexit sha1_base64="BRxZ3W2naTE9ydHjY8xuIM3JlXQ=">AAACFHicbVDLSgMxFL1TX7W+Rl26CRZBKJQZEXQjFN24rGAf0Cklk2ba0ExmSDJCmfYj3Pgrblwo4taFO//GtB1FWw8Ezj3nXm7u8WPOlHacTyu3tLyyupZfL2xsbm3v2Lt7dRUlktAaiXgkmz5WlDNBa5ppTpuxpDj0OW34g6uJ37ijUrFI3OphTNsh7gkWMIK1kTp2aYS8WDHkSSx6nKILhEfOT1VCPhq532XHLjplZwq0SNyMFCFDtWN/eN2IJCEVmnCsVMt1Yt1OsdSMcDoueImiMSYD3KMtQwUOqWqn06PG6MgoXRRE0jyh0VT9PZHiUKlh6JvOEOu+mvcm4n9eK9HBeTtlIk40FWS2KEg40hGaJIS6TFKi+dAQTCQzf0WkjyUm2uRYMCG48ycvkvpJ2XXK7s1psXKZxZGHAziEY3DhDCpwDVWoAYF7eIRneLEerCfr1XqbteasbGYf/sB6/wKTZZyg</latexit><latexit sha1_base64="BRxZ3W2naTE9ydHjY8xuIM3JlXQ=">AAACFHicbVDLSgMxFL1TX7W+Rl26CRZBKJQZEXQjFN24rGAf0Cklk2ba0ExmSDJCmfYj3Pgrblwo4taFO//GtB1FWw8Ezj3nXm7u8WPOlHacTyu3tLyyupZfL2xsbm3v2Lt7dRUlktAaiXgkmz5WlDNBa5ppTpuxpDj0OW34g6uJ37ijUrFI3OphTNsh7gkWMIK1kTp2aYS8WDHkSSx6nKILhEfOT1VCPhq532XHLjplZwq0SNyMFCFDtWN/eN2IJCEVmnCsVMt1Yt1OsdSMcDoueImiMSYD3KMtQwUOqWqn06PG6MgoXRRE0jyh0VT9PZHiUKlh6JvOEOu+mvcm4n9eK9HBeTtlIk40FWS2KEg40hGaJIS6TFKi+dAQTCQzf0WkjyUm2uRYMCG48ycvkvpJ2XXK7s1psXKZxZGHAziEY3DhDCpwDVWoAYF7eIRneLEerCfr1XqbteasbGYf/sB6/wKTZZyg</latexit><latexit sha1_base64="BRxZ3W2naTE9ydHjY8xuIM3JlXQ=">AAACFHicbVDLSgMxFL1TX7W+Rl26CRZBKJQZEXQjFN24rGAf0Cklk2ba0ExmSDJCmfYj3Pgrblwo4taFO//GtB1FWw8Ezj3nXm7u8WPOlHacTyu3tLyyupZfL2xsbm3v2Lt7dRUlktAaiXgkmz5WlDNBa5ppTpuxpDj0OW34g6uJ37ijUrFI3OphTNsh7gkWMIK1kTp2aYS8WDHkSSx6nKILhEfOT1VCPhq532XHLjplZwq0SNyMFCFDtWN/eN2IJCEVmnCsVMt1Yt1OsdSMcDoueImiMSYD3KMtQwUOqWqn06PG6MgoXRRE0jyh0VT9PZHiUKlh6JvOEOu+mvcm4n9eK9HBeTtlIk40FWS2KEg40hGaJIS6TFKi+dAQTCQzf0WkjyUm2uRYMCG48ycvkvpJ2XXK7s1psXKZxZGHAziEY3DhDCpwDVWoAYF7eIRneLEerCfr1XqbteasbGYf/sB6/wKTZZyg</latexit>

| i
<latexit sha1_base64="mFLzTGCBIgob+EOhZk49qa5B08c=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaWDbbSbt0swm7G6XE/g8vHhTx6n/x5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0PfVbD6g0j+WdGSfoR3QgecgZNVa6fyLdRHPSVVQOBPbKFbfqzkCWiZeTCuSo98pf3X7M0gilYYJq3fHcxPgZVYYzgZNSN9WYUDaiA+xYKmmE2s9mV0/IiVX6JIyVLWnITP09kdFI63EU2M6ImqFe9Kbif14nNeGln3GZpAYlmy8KU0FMTKYRkD5XyIwYW0KZ4vZWwoZUUWZsUCUbgrf48jJpnlU9t+rdnldqV3kcRTiCYzgFDy6gBjdQhwYwUPAMr/DmPDovzrvzMW8tOPnMIfyB8/kDHECSPw==</latexit><latexit sha1_base64="mFLzTGCBIgob+EOhZk49qa5B08c=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaWDbbSbt0swm7G6XE/g8vHhTx6n/x5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0PfVbD6g0j+WdGSfoR3QgecgZNVa6fyLdRHPSVVQOBPbKFbfqzkCWiZeTCuSo98pf3X7M0gilYYJq3fHcxPgZVYYzgZNSN9WYUDaiA+xYKmmE2s9mV0/IiVX6JIyVLWnITP09kdFI63EU2M6ImqFe9Kbif14nNeGln3GZpAYlmy8KU0FMTKYRkD5XyIwYW0KZ4vZWwoZUUWZsUCUbgrf48jJpnlU9t+rdnldqV3kcRTiCYzgFDy6gBjdQhwYwUPAMr/DmPDovzrvzMW8tOPnMIfyB8/kDHECSPw==</latexit><latexit sha1_base64="mFLzTGCBIgob+EOhZk49qa5B08c=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaWDbbSbt0swm7G6XE/g8vHhTx6n/x5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0PfVbD6g0j+WdGSfoR3QgecgZNVa6fyLdRHPSVVQOBPbKFbfqzkCWiZeTCuSo98pf3X7M0gilYYJq3fHcxPgZVYYzgZNSN9WYUDaiA+xYKmmE2s9mV0/IiVX6JIyVLWnITP09kdFI63EU2M6ImqFe9Kbif14nNeGln3GZpAYlmy8KU0FMTKYRkD5XyIwYW0KZ4vZWwoZUUWZsUCUbgrf48jJpnlU9t+rdnldqV3kcRTiCYzgFDy6gBjdQhwYwUPAMr/DmPDovzrvzMW8tOPnMIfyB8/kDHECSPw==</latexit><latexit sha1_base64="mFLzTGCBIgob+EOhZk49qa5B08c=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaWDbbSbt0swm7G6XE/g8vHhTx6n/x5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0PfVbD6g0j+WdGSfoR3QgecgZNVa6fyLdRHPSVVQOBPbKFbfqzkCWiZeTCuSo98pf3X7M0gilYYJq3fHcxPgZVYYzgZNSN9WYUDaiA+xYKmmE2s9mV0/IiVX6JIyVLWnITP09kdFI63EU2M6ImqFe9Kbif14nNeGln3GZpAYlmy8KU0FMTKYRkD5XyIwYW0KZ4vZWwoZUUWZsUCUbgrf48jJpnlU9t+rdnldqV3kcRTiCYzgFDy6gBjdQhwYwUPAMr/DmPDovzrvzMW8tOPnMIfyB8/kDHECSPw==</latexit>

X| i
<latexit sha1_base64="MO8PTxIVNbuehm0fJeFkjLcS9Tk=">AAAB+HicbVBNS8NAEJ3Ur1o/WvXoZbEInkoigh6LXjxWsB/QhLLZTtqlm03Y3Qi19pd48aCIV3+KN/+N2zYHbX0w8Hhvhpl5YSq4Nq777RTW1jc2t4rbpZ3dvf1y5eCwpZNMMWyyRCSqE1KNgktsGm4EdlKFNA4FtsPRzcxvP6DSPJH3ZpxiENOB5BFn1FipVyl3noifak58ReVAYK9SdWvuHGSVeDmpQo5Gr/Ll9xOWxSgNE1TrruemJphQZTgTOC35mcaUshEdYNdSSWPUwWR++JScWqVPokTZkobM1d8TExprPY5D2xlTM9TL3kz8z+tmJroKJlymmUHJFouiTBCTkFkKpM8VMiPGllCmuL2VsCFVlBmbVcmG4C2/vEpa5zXPrXl3F9X6dR5HEY7hBM7Ag0uowy00oAkMMniGV3hzHp0X5935WLQWnHzmCP7A+fwBQzKS0g==</latexit><latexit sha1_base64="MO8PTxIVNbuehm0fJeFkjLcS9Tk=">AAAB+HicbVBNS8NAEJ3Ur1o/WvXoZbEInkoigh6LXjxWsB/QhLLZTtqlm03Y3Qi19pd48aCIV3+KN/+N2zYHbX0w8Hhvhpl5YSq4Nq777RTW1jc2t4rbpZ3dvf1y5eCwpZNMMWyyRCSqE1KNgktsGm4EdlKFNA4FtsPRzcxvP6DSPJH3ZpxiENOB5BFn1FipVyl3noifak58ReVAYK9SdWvuHGSVeDmpQo5Gr/Ll9xOWxSgNE1TrruemJphQZTgTOC35mcaUshEdYNdSSWPUwWR++JScWqVPokTZkobM1d8TExprPY5D2xlTM9TL3kz8z+tmJroKJlymmUHJFouiTBCTkFkKpM8VMiPGllCmuL2VsCFVlBmbVcmG4C2/vEpa5zXPrXl3F9X6dR5HEY7hBM7Ag0uowy00oAkMMniGV3hzHp0X5935WLQWnHzmCP7A+fwBQzKS0g==</latexit><latexit sha1_base64="MO8PTxIVNbuehm0fJeFkjLcS9Tk=">AAAB+HicbVBNS8NAEJ3Ur1o/WvXoZbEInkoigh6LXjxWsB/QhLLZTtqlm03Y3Qi19pd48aCIV3+KN/+N2zYHbX0w8Hhvhpl5YSq4Nq777RTW1jc2t4rbpZ3dvf1y5eCwpZNMMWyyRCSqE1KNgktsGm4EdlKFNA4FtsPRzcxvP6DSPJH3ZpxiENOB5BFn1FipVyl3noifak58ReVAYK9SdWvuHGSVeDmpQo5Gr/Ll9xOWxSgNE1TrruemJphQZTgTOC35mcaUshEdYNdSSWPUwWR++JScWqVPokTZkobM1d8TExprPY5D2xlTM9TL3kz8z+tmJroKJlymmUHJFouiTBCTkFkKpM8VMiPGllCmuL2VsCFVlBmbVcmG4C2/vEpa5zXPrXl3F9X6dR5HEY7hBM7Ag0uowy00oAkMMniGV3hzHp0X5935WLQWnHzmCP7A+fwBQzKS0g==</latexit><latexit sha1_base64="MO8PTxIVNbuehm0fJeFkjLcS9Tk=">AAAB+HicbVBNS8NAEJ3Ur1o/WvXoZbEInkoigh6LXjxWsB/QhLLZTtqlm03Y3Qi19pd48aCIV3+KN/+N2zYHbX0w8Hhvhpl5YSq4Nq777RTW1jc2t4rbpZ3dvf1y5eCwpZNMMWyyRCSqE1KNgktsGm4EdlKFNA4FtsPRzcxvP6DSPJH3ZpxiENOB5BFn1FipVyl3noifak58ReVAYK9SdWvuHGSVeDmpQo5Gr/Ll9xOWxSgNE1TrruemJphQZTgTOC35mcaUshEdYNdSSWPUwWR++JScWqVPokTZkobM1d8TExprPY5D2xlTM9TL3kz8z+tmJroKJlymmUHJFouiTBCTkFkKpM8VMiPGllCmuL2VsCFVlBmbVcmG4C2/vEpa5zXPrXl3F9X6dR5HEY7hBM7Ag0uowy00oAkMMniGV3hzHp0X5935WLQWnHzmCP7A+fwBQzKS0g==</latexit>

Z| i
<latexit sha1_base64="8rD66L8Ic55xRYO6/9tgka1qCVA=">AAAB+HicbVBNS8NAEJ34WetHox69LBbBU0lE0GPRi8cK9gPbUDbbSbt0swm7G6HW/hIvHhTx6k/x5r9x2+agrQ8GHu/NMDMvTAXXxvO+nZXVtfWNzcJWcXtnd6/k7h80dJIphnWWiES1QqpRcIl1w43AVqqQxqHAZji8nvrNB1SaJ/LOjFIMYtqXPOKMGit13dL9E+mkmpOOorIvsOuWvYo3A1kmfk7KkKPWdb86vYRlMUrDBNW67XupCcZUGc4EToqdTGNK2ZD2sW2ppDHqYDw7fEJOrNIjUaJsSUNm6u+JMY21HsWh7YypGehFbyr+57UzE10GYy7TzKBk80VRJohJyDQF0uMKmREjSyhT3N5K2IAqyozNqmhD8BdfXiaNs4rvVfzb83L1Ko+jAEdwDKfgwwVU4QZqUAcGGTzDK7w5j86L8+58zFtXnHzmEP7A+fwBRlaS1A==</latexit><latexit sha1_base64="8rD66L8Ic55xRYO6/9tgka1qCVA=">AAAB+HicbVBNS8NAEJ34WetHox69LBbBU0lE0GPRi8cK9gPbUDbbSbt0swm7G6HW/hIvHhTx6k/x5r9x2+agrQ8GHu/NMDMvTAXXxvO+nZXVtfWNzcJWcXtnd6/k7h80dJIphnWWiES1QqpRcIl1w43AVqqQxqHAZji8nvrNB1SaJ/LOjFIMYtqXPOKMGit13dL9E+mkmpOOorIvsOuWvYo3A1kmfk7KkKPWdb86vYRlMUrDBNW67XupCcZUGc4EToqdTGNK2ZD2sW2ppDHqYDw7fEJOrNIjUaJsSUNm6u+JMY21HsWh7YypGehFbyr+57UzE10GYy7TzKBk80VRJohJyDQF0uMKmREjSyhT3N5K2IAqyozNqmhD8BdfXiaNs4rvVfzb83L1Ko+jAEdwDKfgwwVU4QZqUAcGGTzDK7w5j86L8+58zFtXnHzmEP7A+fwBRlaS1A==</latexit><latexit sha1_base64="8rD66L8Ic55xRYO6/9tgka1qCVA=">AAAB+HicbVBNS8NAEJ34WetHox69LBbBU0lE0GPRi8cK9gPbUDbbSbt0swm7G6HW/hIvHhTx6k/x5r9x2+agrQ8GHu/NMDMvTAXXxvO+nZXVtfWNzcJWcXtnd6/k7h80dJIphnWWiES1QqpRcIl1w43AVqqQxqHAZji8nvrNB1SaJ/LOjFIMYtqXPOKMGit13dL9E+mkmpOOorIvsOuWvYo3A1kmfk7KkKPWdb86vYRlMUrDBNW67XupCcZUGc4EToqdTGNK2ZD2sW2ppDHqYDw7fEJOrNIjUaJsSUNm6u+JMY21HsWh7YypGehFbyr+57UzE10GYy7TzKBk80VRJohJyDQF0uMKmREjSyhT3N5K2IAqyozNqmhD8BdfXiaNs4rvVfzb83L1Ko+jAEdwDKfgwwVU4QZqUAcGGTzDK7w5j86L8+58zFtXnHzmEP7A+fwBRlaS1A==</latexit><latexit sha1_base64="8rD66L8Ic55xRYO6/9tgka1qCVA=">AAAB+HicbVBNS8NAEJ34WetHox69LBbBU0lE0GPRi8cK9gPbUDbbSbt0swm7G6HW/hIvHhTx6k/x5r9x2+agrQ8GHu/NMDMvTAXXxvO+nZXVtfWNzcJWcXtnd6/k7h80dJIphnWWiES1QqpRcIl1w43AVqqQxqHAZji8nvrNB1SaJ/LOjFIMYtqXPOKMGit13dL9E+mkmpOOorIvsOuWvYo3A1kmfk7KkKPWdb86vYRlMUrDBNW67XupCcZUGc4EToqdTGNK2ZD2sW2ppDHqYDw7fEJOrNIjUaJsSUNm6u+JMY21HsWh7YypGehFbyr+57UzE10GYy7TzKBk80VRJohJyDQF0uMKmREjSyhT3N5K2IAqyozNqmhD8BdfXiaNs4rvVfzb83L1Ko+jAEdwDKfgwwVU4QZqUAcGGTzDK7w5j86L8+58zFtXnHzmEP7A+fwBRlaS1A==</latexit>

XZ| i
<latexit sha1_base64="qRslElUtgddXQYOUdRG8H+qd+/Y=">AAAB+XicbVDLSgNBEOyNrxhfqx69DAbBU9gVQY9BLx4jmAcmS5id9CZDZmeXmdlAWPMnXjwo4tU/8ebfOHkcNLGgoajqprsrTAXXxvO+ncLa+sbmVnG7tLO7t3/gHh41dJIphnWWiES1QqpRcIl1w43AVqqQxqHAZji8nfrNESrNE/lgxikGMe1LHnFGjZW6rtt6fCKdVHPSUVT2BXbdslfxZiCrxF+QMixQ67pfnV7CshilYYJq3fa91AQ5VYYzgZNSJ9OYUjakfWxbKmmMOshnl0/ImVV6JEqULWnITP09kdNY63Ec2s6YmoFe9qbif147M9F1kHOZZgYlmy+KMkFMQqYxkB5XyIwYW0KZ4vZWwgZUUWZsWCUbgr/88ippXFR8r+LfX5arN4s4inACp3AOPlxBFe6gBnVgMIJneIU3J3denHfnY95acBYzx/AHzucP9f2TNg==</latexit><latexit sha1_base64="qRslElUtgddXQYOUdRG8H+qd+/Y=">AAAB+XicbVDLSgNBEOyNrxhfqx69DAbBU9gVQY9BLx4jmAcmS5id9CZDZmeXmdlAWPMnXjwo4tU/8ebfOHkcNLGgoajqprsrTAXXxvO+ncLa+sbmVnG7tLO7t3/gHh41dJIphnWWiES1QqpRcIl1w43AVqqQxqHAZji8nfrNESrNE/lgxikGMe1LHnFGjZW6rtt6fCKdVHPSUVT2BXbdslfxZiCrxF+QMixQ67pfnV7CshilYYJq3fa91AQ5VYYzgZNSJ9OYUjakfWxbKmmMOshnl0/ImVV6JEqULWnITP09kdNY63Ec2s6YmoFe9qbif147M9F1kHOZZgYlmy+KMkFMQqYxkB5XyIwYW0KZ4vZWwgZUUWZsWCUbgr/88ippXFR8r+LfX5arN4s4inACp3AOPlxBFe6gBnVgMIJneIU3J3denHfnY95acBYzx/AHzucP9f2TNg==</latexit><latexit sha1_base64="qRslElUtgddXQYOUdRG8H+qd+/Y=">AAAB+XicbVDLSgNBEOyNrxhfqx69DAbBU9gVQY9BLx4jmAcmS5id9CZDZmeXmdlAWPMnXjwo4tU/8ebfOHkcNLGgoajqprsrTAXXxvO+ncLa+sbmVnG7tLO7t3/gHh41dJIphnWWiES1QqpRcIl1w43AVqqQxqHAZji8nfrNESrNE/lgxikGMe1LHnFGjZW6rtt6fCKdVHPSUVT2BXbdslfxZiCrxF+QMixQ67pfnV7CshilYYJq3fa91AQ5VYYzgZNSJ9OYUjakfWxbKmmMOshnl0/ImVV6JEqULWnITP09kdNY63Ec2s6YmoFe9qbif147M9F1kHOZZgYlmy+KMkFMQqYxkB5XyIwYW0KZ4vZWwgZUUWZsWCUbgr/88ippXFR8r+LfX5arN4s4inACp3AOPlxBFe6gBnVgMIJneIU3J3denHfnY95acBYzx/AHzucP9f2TNg==</latexit><latexit sha1_base64="qRslElUtgddXQYOUdRG8H+qd+/Y=">AAAB+XicbVDLSgNBEOyNrxhfqx69DAbBU9gVQY9BLx4jmAcmS5id9CZDZmeXmdlAWPMnXjwo4tU/8ebfOHkcNLGgoajqprsrTAXXxvO+ncLa+sbmVnG7tLO7t3/gHh41dJIphnWWiES1QqpRcIl1w43AVqqQxqHAZji8nfrNESrNE/lgxikGMe1LHnFGjZW6rtt6fCKdVHPSUVT2BXbdslfxZiCrxF+QMixQ67pfnV7CshilYYJq3fa91AQ5VYYzgZNSJ9OYUjakfWxbKmmMOshnl0/ImVV6JEqULWnITP09kdNY63Ec2s6YmoFe9qbif147M9F1kHOZZgYlmy+KMkFMQqYxkB5XyIwYW0KZ4vZWwgZUUWZsWCUbgr/88ippXFR8r+LfX5arN4s4inACp3AOPlxBFe6gBnVgMIJneIU3J3denHfnY95acBYzx/AHzucP9f2TNg==</latexit>

Decoherence Interaction with  
environment

(1� p)
<latexit sha1_base64="LVOq5mv/rJhZ+5MKUPO6Zwaoajw=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRahHiy7Iuix6MVjBfsB7VKyabYNzSYhyQpl6Y/w4kERr/4eb/4b03YP2vpg4PHeDDPzIsWZsb7/7RXW1jc2t4rbpZ3dvf2D8uFRy8hUE9okkkvdibChnAnatMxy2lGa4iTitB2N72Z++4lqw6R4tBNFwwQPBYsZwdZJ7WqALpA675crfs2fA62SICcVyNHol796A0nShApLODamG/jKhhnWlhFOp6VeaqjCZIyHtOuowAk1YTY/d4rOnDJAsdSuhEVz9fdEhhNjJknkOhNsR2bZm4n/ed3UxjdhxoRKLRVksShOObISzX5HA6YpsXziCCaauVsRGWGNiXUJlVwIwfLLq6R1WQv8WvBwVanf5nEU4QROoQoBXEMd7qEBTSAwhmd4hTdPeS/eu/exaC14+cwx/IH3+QMllI4f</latexit><latexit sha1_base64="LVOq5mv/rJhZ+5MKUPO6Zwaoajw=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRahHiy7Iuix6MVjBfsB7VKyabYNzSYhyQpl6Y/w4kERr/4eb/4b03YP2vpg4PHeDDPzIsWZsb7/7RXW1jc2t4rbpZ3dvf2D8uFRy8hUE9okkkvdibChnAnatMxy2lGa4iTitB2N72Z++4lqw6R4tBNFwwQPBYsZwdZJ7WqALpA675crfs2fA62SICcVyNHol796A0nShApLODamG/jKhhnWlhFOp6VeaqjCZIyHtOuowAk1YTY/d4rOnDJAsdSuhEVz9fdEhhNjJknkOhNsR2bZm4n/ed3UxjdhxoRKLRVksShOObISzX5HA6YpsXziCCaauVsRGWGNiXUJlVwIwfLLq6R1WQv8WvBwVanf5nEU4QROoQoBXEMd7qEBTSAwhmd4hTdPeS/eu/exaC14+cwx/IH3+QMllI4f</latexit><latexit sha1_base64="LVOq5mv/rJhZ+5MKUPO6Zwaoajw=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRahHiy7Iuix6MVjBfsB7VKyabYNzSYhyQpl6Y/w4kERr/4eb/4b03YP2vpg4PHeDDPzIsWZsb7/7RXW1jc2t4rbpZ3dvf2D8uFRy8hUE9okkkvdibChnAnatMxy2lGa4iTitB2N72Z++4lqw6R4tBNFwwQPBYsZwdZJ7WqALpA675crfs2fA62SICcVyNHol796A0nShApLODamG/jKhhnWlhFOp6VeaqjCZIyHtOuowAk1YTY/d4rOnDJAsdSuhEVz9fdEhhNjJknkOhNsR2bZm4n/ed3UxjdhxoRKLRVksShOObISzX5HA6YpsXziCCaauVsRGWGNiXUJlVwIwfLLq6R1WQv8WvBwVanf5nEU4QROoQoBXEMd7qEBTSAwhmd4hTdPeS/eu/exaC14+cwx/IH3+QMllI4f</latexit><latexit sha1_base64="LVOq5mv/rJhZ+5MKUPO6Zwaoajw=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRahHiy7Iuix6MVjBfsB7VKyabYNzSYhyQpl6Y/w4kERr/4eb/4b03YP2vpg4PHeDDPzIsWZsb7/7RXW1jc2t4rbpZ3dvf2D8uFRy8hUE9okkkvdibChnAnatMxy2lGa4iTitB2N72Z++4lqw6R4tBNFwwQPBYsZwdZJ7WqALpA675crfs2fA62SICcVyNHol796A0nShApLODamG/jKhhnWlhFOp6VeaqjCZIyHtOuowAk1YTY/d4rOnDJAsdSuhEVz9fdEhhNjJknkOhNsR2bZm4n/ed3UxjdhxoRKLRVksShOObISzX5HA6YpsXziCCaauVsRGWGNiXUJlVwIwfLLq6R1WQv8WvBwVanf5nEU4QROoQoBXEMd7qEBTSAwhmd4hTdPeS/eu/exaC14+cwx/IH3+QMllI4f</latexit>

p/3
<latexit sha1_base64="iJVA1jVlUFQyLZvKwcvsmfKrysY=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU01U0GPRi8eK9gPaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0O/VbT6g0j+WjGSfoR3QgecgZNVZ6SM4ueuWKW3VnIMvEy0kFctR75a9uP2ZphNIwQbXueG5i/Iwqw5nASambakwoG9EBdiyVNELtZ7NTJ+TEKn0SxsqWNGSm/p7IaKT1OApsZ0TNUC96U/E/r5Oa8NrPuExSg5LNF4WpICYm079JnytkRowtoUxxeythQ6ooMzadkg3BW3x5mTTPq55b9e4vK7WbPI4iHMExnIIHV1CDO6hDAxgM4Ble4c0Rzovz7nzMWwtOPnMIf+B8/gC5iY1q</latexit><latexit sha1_base64="iJVA1jVlUFQyLZvKwcvsmfKrysY=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU01U0GPRi8eK9gPaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0O/VbT6g0j+WjGSfoR3QgecgZNVZ6SM4ueuWKW3VnIMvEy0kFctR75a9uP2ZphNIwQbXueG5i/Iwqw5nASambakwoG9EBdiyVNELtZ7NTJ+TEKn0SxsqWNGSm/p7IaKT1OApsZ0TNUC96U/E/r5Oa8NrPuExSg5LNF4WpICYm079JnytkRowtoUxxeythQ6ooMzadkg3BW3x5mTTPq55b9e4vK7WbPI4iHMExnIIHV1CDO6hDAxgM4Ble4c0Rzovz7nzMWwtOPnMIf+B8/gC5iY1q</latexit><latexit sha1_base64="iJVA1jVlUFQyLZvKwcvsmfKrysY=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU01U0GPRi8eK9gPaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0O/VbT6g0j+WjGSfoR3QgecgZNVZ6SM4ueuWKW3VnIMvEy0kFctR75a9uP2ZphNIwQbXueG5i/Iwqw5nASambakwoG9EBdiyVNELtZ7NTJ+TEKn0SxsqWNGSm/p7IaKT1OApsZ0TNUC96U/E/r5Oa8NrPuExSg5LNF4WpICYm079JnytkRowtoUxxeythQ6ooMzadkg3BW3x5mTTPq55b9e4vK7WbPI4iHMExnIIHV1CDO6hDAxgM4Ble4c0Rzovz7nzMWwtOPnMIf+B8/gC5iY1q</latexit><latexit sha1_base64="iJVA1jVlUFQyLZvKwcvsmfKrysY=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU01U0GPRi8eK9gPaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0O/VbT6g0j+WjGSfoR3QgecgZNVZ6SM4ueuWKW3VnIMvEy0kFctR75a9uP2ZphNIwQbXueG5i/Iwqw5nASambakwoG9EBdiyVNELtZ7NTJ+TEKn0SxsqWNGSm/p7IaKT1OApsZ0TNUC96U/E/r5Oa8NrPuExSg5LNF4WpICYm079JnytkRowtoUxxeythQ6ooMzadkg3BW3x5mTTPq55b9e4vK7WbPI4iHMExnIIHV1CDO6hDAxgM4Ble4c0Rzovz7nzMWwtOPnMIf+B8/gC5iY1q</latexit>

p/3
<latexit sha1_base64="iJVA1jVlUFQyLZvKwcvsmfKrysY=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU01U0GPRi8eK9gPaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0O/VbT6g0j+WjGSfoR3QgecgZNVZ6SM4ueuWKW3VnIMvEy0kFctR75a9uP2ZphNIwQbXueG5i/Iwqw5nASambakwoG9EBdiyVNELtZ7NTJ+TEKn0SxsqWNGSm/p7IaKT1OApsZ0TNUC96U/E/r5Oa8NrPuExSg5LNF4WpICYm079JnytkRowtoUxxeythQ6ooMzadkg3BW3x5mTTPq55b9e4vK7WbPI4iHMExnIIHV1CDO6hDAxgM4Ble4c0Rzovz7nzMWwtOPnMIf+B8/gC5iY1q</latexit><latexit sha1_base64="iJVA1jVlUFQyLZvKwcvsmfKrysY=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU01U0GPRi8eK9gPaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0O/VbT6g0j+WjGSfoR3QgecgZNVZ6SM4ueuWKW3VnIMvEy0kFctR75a9uP2ZphNIwQbXueG5i/Iwqw5nASambakwoG9EBdiyVNELtZ7NTJ+TEKn0SxsqWNGSm/p7IaKT1OApsZ0TNUC96U/E/r5Oa8NrPuExSg5LNF4WpICYm079JnytkRowtoUxxeythQ6ooMzadkg3BW3x5mTTPq55b9e4vK7WbPI4iHMExnIIHV1CDO6hDAxgM4Ble4c0Rzovz7nzMWwtOPnMIf+B8/gC5iY1q</latexit><latexit sha1_base64="iJVA1jVlUFQyLZvKwcvsmfKrysY=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU01U0GPRi8eK9gPaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0O/VbT6g0j+WjGSfoR3QgecgZNVZ6SM4ueuWKW3VnIMvEy0kFctR75a9uP2ZphNIwQbXueG5i/Iwqw5nASambakwoG9EBdiyVNELtZ7NTJ+TEKn0SxsqWNGSm/p7IaKT1OApsZ0TNUC96U/E/r5Oa8NrPuExSg5LNF4WpICYm079JnytkRowtoUxxeythQ6ooMzadkg3BW3x5mTTPq55b9e4vK7WbPI4iHMExnIIHV1CDO6hDAxgM4Ble4c0Rzovz7nzMWwtOPnMIf+B8/gC5iY1q</latexit><latexit sha1_base64="iJVA1jVlUFQyLZvKwcvsmfKrysY=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU01U0GPRi8eK9gPaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0O/VbT6g0j+WjGSfoR3QgecgZNVZ6SM4ueuWKW3VnIMvEy0kFctR75a9uP2ZphNIwQbXueG5i/Iwqw5nASambakwoG9EBdiyVNELtZ7NTJ+TEKn0SxsqWNGSm/p7IaKT1OApsZ0TNUC96U/E/r5Oa8NrPuExSg5LNF4WpICYm079JnytkRowtoUxxeythQ6ooMzadkg3BW3x5mTTPq55b9e4vK7WbPI4iHMExnIIHV1CDO6hDAxgM4Ble4c0Rzovz7nzMWwtOPnMIf+B8/gC5iY1q</latexit>

p/3
<latexit sha1_base64="iJVA1jVlUFQyLZvKwcvsmfKrysY=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU01U0GPRi8eK9gPaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0O/VbT6g0j+WjGSfoR3QgecgZNVZ6SM4ueuWKW3VnIMvEy0kFctR75a9uP2ZphNIwQbXueG5i/Iwqw5nASambakwoG9EBdiyVNELtZ7NTJ+TEKn0SxsqWNGSm/p7IaKT1OApsZ0TNUC96U/E/r5Oa8NrPuExSg5LNF4WpICYm079JnytkRowtoUxxeythQ6ooMzadkg3BW3x5mTTPq55b9e4vK7WbPI4iHMExnIIHV1CDO6hDAxgM4Ble4c0Rzovz7nzMWwtOPnMIf+B8/gC5iY1q</latexit><latexit sha1_base64="iJVA1jVlUFQyLZvKwcvsmfKrysY=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU01U0GPRi8eK9gPaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0O/VbT6g0j+WjGSfoR3QgecgZNVZ6SM4ueuWKW3VnIMvEy0kFctR75a9uP2ZphNIwQbXueG5i/Iwqw5nASambakwoG9EBdiyVNELtZ7NTJ+TEKn0SxsqWNGSm/p7IaKT1OApsZ0TNUC96U/E/r5Oa8NrPuExSg5LNF4WpICYm079JnytkRowtoUxxeythQ6ooMzadkg3BW3x5mTTPq55b9e4vK7WbPI4iHMExnIIHV1CDO6hDAxgM4Ble4c0Rzovz7nzMWwtOPnMIf+B8/gC5iY1q</latexit><latexit sha1_base64="iJVA1jVlUFQyLZvKwcvsmfKrysY=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU01U0GPRi8eK9gPaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0O/VbT6g0j+WjGSfoR3QgecgZNVZ6SM4ueuWKW3VnIMvEy0kFctR75a9uP2ZphNIwQbXueG5i/Iwqw5nASambakwoG9EBdiyVNELtZ7NTJ+TEKn0SxsqWNGSm/p7IaKT1OApsZ0TNUC96U/E/r5Oa8NrPuExSg5LNF4WpICYm079JnytkRowtoUxxeythQ6ooMzadkg3BW3x5mTTPq55b9e4vK7WbPI4iHMExnIIHV1CDO6hDAxgM4Ble4c0Rzovz7nzMWwtOPnMIf+B8/gC5iY1q</latexit><latexit sha1_base64="iJVA1jVlUFQyLZvKwcvsmfKrysY=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU01U0GPRi8eK9gPaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0O/VbT6g0j+WjGSfoR3QgecgZNVZ6SM4ueuWKW3VnIMvEy0kFctR75a9uP2ZphNIwQbXueG5i/Iwqw5nASambakwoG9EBdiyVNELtZ7NTJ+TEKn0SxsqWNGSm/p7IaKT1OApsZ0TNUC96U/E/r5Oa8NrPuExSg5LNF4WpICYm079JnytkRowtoUxxeythQ6ooMzadkg3BW3x5mTTPq55b9e4vK7WbPI4iHMExnIIHV1CDO6hDAxgM4Ble4c0Rzovz7nzMWwtOPnMIf+B8/gC5iY1q</latexit>



Fault tolerance

| i
<latexit sha1_base64="mFLzTGCBIgob+EOhZk49qa5B08c=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaWDbbSbt0swm7G6XE/g8vHhTx6n/x5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0PfVbD6g0j+WdGSfoR3QgecgZNVa6fyLdRHPSVVQOBPbKFbfqzkCWiZeTCuSo98pf3X7M0gilYYJq3fHcxPgZVYYzgZNSN9WYUDaiA+xYKmmE2s9mV0/IiVX6JIyVLWnITP09kdFI63EU2M6ImqFe9Kbif14nNeGln3GZpAYlmy8KU0FMTKYRkD5XyIwYW0KZ4vZWwoZUUWZsUCUbgrf48jJpnlU9t+rdnldqV3kcRTiCYzgFDy6gBjdQhwYwUPAMr/DmPDovzrvzMW8tOPnMIfyB8/kDHECSPw==</latexit><latexit sha1_base64="mFLzTGCBIgob+EOhZk49qa5B08c=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaWDbbSbt0swm7G6XE/g8vHhTx6n/x5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0PfVbD6g0j+WdGSfoR3QgecgZNVa6fyLdRHPSVVQOBPbKFbfqzkCWiZeTCuSo98pf3X7M0gilYYJq3fHcxPgZVYYzgZNSN9WYUDaiA+xYKmmE2s9mV0/IiVX6JIyVLWnITP09kdFI63EU2M6ImqFe9Kbif14nNeGln3GZpAYlmy8KU0FMTKYRkD5XyIwYW0KZ4vZWwoZUUWZsUCUbgrf48jJpnlU9t+rdnldqV3kcRTiCYzgFDy6gBjdQhwYwUPAMr/DmPDovzrvzMW8tOPnMIfyB8/kDHECSPw==</latexit><latexit sha1_base64="mFLzTGCBIgob+EOhZk49qa5B08c=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaWDbbSbt0swm7G6XE/g8vHhTx6n/x5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0PfVbD6g0j+WdGSfoR3QgecgZNVa6fyLdRHPSVVQOBPbKFbfqzkCWiZeTCuSo98pf3X7M0gilYYJq3fHcxPgZVYYzgZNSN9WYUDaiA+xYKmmE2s9mV0/IiVX6JIyVLWnITP09kdFI63EU2M6ImqFe9Kbif14nNeGln3GZpAYlmy8KU0FMTKYRkD5XyIwYW0KZ4vZWwoZUUWZsUCUbgrf48jJpnlU9t+rdnldqV3kcRTiCYzgFDy6gBjdQhwYwUPAMr/DmPDovzrvzMW8tOPnMIfyB8/kDHECSPw==</latexit><latexit sha1_base64="mFLzTGCBIgob+EOhZk49qa5B08c=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaWDbbSbt0swm7G6XE/g8vHhTx6n/x5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0PfVbD6g0j+WdGSfoR3QgecgZNVa6fyLdRHPSVVQOBPbKFbfqzkCWiZeTCuSo98pf3X7M0gilYYJq3fHcxPgZVYYzgZNSN9WYUDaiA+xYKmmE2s9mV0/IiVX6JIyVLWnITP09kdFI63EU2M6ImqFe9Kbif14nNeGln3GZpAYlmy8KU0FMTKYRkD5XyIwYW0KZ4vZWwoZUUWZsUCUbgrf48jJpnlU9t+rdnldqV3kcRTiCYzgFDy6gBjdQhwYwUPAMr/DmPDovzrvzMW8tOPnMIfyB8/kDHECSPw==</latexit>

X| i
<latexit sha1_base64="MO8PTxIVNbuehm0fJeFkjLcS9Tk=">AAAB+HicbVBNS8NAEJ3Ur1o/WvXoZbEInkoigh6LXjxWsB/QhLLZTtqlm03Y3Qi19pd48aCIV3+KN/+N2zYHbX0w8Hhvhpl5YSq4Nq777RTW1jc2t4rbpZ3dvf1y5eCwpZNMMWyyRCSqE1KNgktsGm4EdlKFNA4FtsPRzcxvP6DSPJH3ZpxiENOB5BFn1FipVyl3noifak58ReVAYK9SdWvuHGSVeDmpQo5Gr/Ll9xOWxSgNE1TrruemJphQZTgTOC35mcaUshEdYNdSSWPUwWR++JScWqVPokTZkobM1d8TExprPY5D2xlTM9TL3kz8z+tmJroKJlymmUHJFouiTBCTkFkKpM8VMiPGllCmuL2VsCFVlBmbVcmG4C2/vEpa5zXPrXl3F9X6dR5HEY7hBM7Ag0uowy00oAkMMniGV3hzHp0X5935WLQWnHzmCP7A+fwBQzKS0g==</latexit><latexit sha1_base64="MO8PTxIVNbuehm0fJeFkjLcS9Tk=">AAAB+HicbVBNS8NAEJ3Ur1o/WvXoZbEInkoigh6LXjxWsB/QhLLZTtqlm03Y3Qi19pd48aCIV3+KN/+N2zYHbX0w8Hhvhpl5YSq4Nq777RTW1jc2t4rbpZ3dvf1y5eCwpZNMMWyyRCSqE1KNgktsGm4EdlKFNA4FtsPRzcxvP6DSPJH3ZpxiENOB5BFn1FipVyl3noifak58ReVAYK9SdWvuHGSVeDmpQo5Gr/Ll9xOWxSgNE1TrruemJphQZTgTOC35mcaUshEdYNdSSWPUwWR++JScWqVPokTZkobM1d8TExprPY5D2xlTM9TL3kz8z+tmJroKJlymmUHJFouiTBCTkFkKpM8VMiPGllCmuL2VsCFVlBmbVcmG4C2/vEpa5zXPrXl3F9X6dR5HEY7hBM7Ag0uowy00oAkMMniGV3hzHp0X5935WLQWnHzmCP7A+fwBQzKS0g==</latexit><latexit sha1_base64="MO8PTxIVNbuehm0fJeFkjLcS9Tk=">AAAB+HicbVBNS8NAEJ3Ur1o/WvXoZbEInkoigh6LXjxWsB/QhLLZTtqlm03Y3Qi19pd48aCIV3+KN/+N2zYHbX0w8Hhvhpl5YSq4Nq777RTW1jc2t4rbpZ3dvf1y5eCwpZNMMWyyRCSqE1KNgktsGm4EdlKFNA4FtsPRzcxvP6DSPJH3ZpxiENOB5BFn1FipVyl3noifak58ReVAYK9SdWvuHGSVeDmpQo5Gr/Ll9xOWxSgNE1TrruemJphQZTgTOC35mcaUshEdYNdSSWPUwWR++JScWqVPokTZkobM1d8TExprPY5D2xlTM9TL3kz8z+tmJroKJlymmUHJFouiTBCTkFkKpM8VMiPGllCmuL2VsCFVlBmbVcmG4C2/vEpa5zXPrXl3F9X6dR5HEY7hBM7Ag0uowy00oAkMMniGV3hzHp0X5935WLQWnHzmCP7A+fwBQzKS0g==</latexit><latexit sha1_base64="MO8PTxIVNbuehm0fJeFkjLcS9Tk=">AAAB+HicbVBNS8NAEJ3Ur1o/WvXoZbEInkoigh6LXjxWsB/QhLLZTtqlm03Y3Qi19pd48aCIV3+KN/+N2zYHbX0w8Hhvhpl5YSq4Nq777RTW1jc2t4rbpZ3dvf1y5eCwpZNMMWyyRCSqE1KNgktsGm4EdlKFNA4FtsPRzcxvP6DSPJH3ZpxiENOB5BFn1FipVyl3noifak58ReVAYK9SdWvuHGSVeDmpQo5Gr/Ll9xOWxSgNE1TrruemJphQZTgTOC35mcaUshEdYNdSSWPUwWR++JScWqVPokTZkobM1d8TExprPY5D2xlTM9TL3kz8z+tmJroKJlymmUHJFouiTBCTkFkKpM8VMiPGllCmuL2VsCFVlBmbVcmG4C2/vEpa5zXPrXl3F9X6dR5HEY7hBM7Ag0uowy00oAkMMniGV3hzHp0X5935WLQWnHzmCP7A+fwBQzKS0g==</latexit>

Z| i
<latexit sha1_base64="8rD66L8Ic55xRYO6/9tgka1qCVA=">AAAB+HicbVBNS8NAEJ34WetHox69LBbBU0lE0GPRi8cK9gPbUDbbSbt0swm7G6HW/hIvHhTx6k/x5r9x2+agrQ8GHu/NMDMvTAXXxvO+nZXVtfWNzcJWcXtnd6/k7h80dJIphnWWiES1QqpRcIl1w43AVqqQxqHAZji8nvrNB1SaJ/LOjFIMYtqXPOKMGit13dL9E+mkmpOOorIvsOuWvYo3A1kmfk7KkKPWdb86vYRlMUrDBNW67XupCcZUGc4EToqdTGNK2ZD2sW2ppDHqYDw7fEJOrNIjUaJsSUNm6u+JMY21HsWh7YypGehFbyr+57UzE10GYy7TzKBk80VRJohJyDQF0uMKmREjSyhT3N5K2IAqyozNqmhD8BdfXiaNs4rvVfzb83L1Ko+jAEdwDKfgwwVU4QZqUAcGGTzDK7w5j86L8+58zFtXnHzmEP7A+fwBRlaS1A==</latexit><latexit sha1_base64="8rD66L8Ic55xRYO6/9tgka1qCVA=">AAAB+HicbVBNS8NAEJ34WetHox69LBbBU0lE0GPRi8cK9gPbUDbbSbt0swm7G6HW/hIvHhTx6k/x5r9x2+agrQ8GHu/NMDMvTAXXxvO+nZXVtfWNzcJWcXtnd6/k7h80dJIphnWWiES1QqpRcIl1w43AVqqQxqHAZji8nvrNB1SaJ/LOjFIMYtqXPOKMGit13dL9E+mkmpOOorIvsOuWvYo3A1kmfk7KkKPWdb86vYRlMUrDBNW67XupCcZUGc4EToqdTGNK2ZD2sW2ppDHqYDw7fEJOrNIjUaJsSUNm6u+JMY21HsWh7YypGehFbyr+57UzE10GYy7TzKBk80VRJohJyDQF0uMKmREjSyhT3N5K2IAqyozNqmhD8BdfXiaNs4rvVfzb83L1Ko+jAEdwDKfgwwVU4QZqUAcGGTzDK7w5j86L8+58zFtXnHzmEP7A+fwBRlaS1A==</latexit><latexit sha1_base64="8rD66L8Ic55xRYO6/9tgka1qCVA=">AAAB+HicbVBNS8NAEJ34WetHox69LBbBU0lE0GPRi8cK9gPbUDbbSbt0swm7G6HW/hIvHhTx6k/x5r9x2+agrQ8GHu/NMDMvTAXXxvO+nZXVtfWNzcJWcXtnd6/k7h80dJIphnWWiES1QqpRcIl1w43AVqqQxqHAZji8nvrNB1SaJ/LOjFIMYtqXPOKMGit13dL9E+mkmpOOorIvsOuWvYo3A1kmfk7KkKPWdb86vYRlMUrDBNW67XupCcZUGc4EToqdTGNK2ZD2sW2ppDHqYDw7fEJOrNIjUaJsSUNm6u+JMY21HsWh7YypGehFbyr+57UzE10GYy7TzKBk80VRJohJyDQF0uMKmREjSyhT3N5K2IAqyozNqmhD8BdfXiaNs4rvVfzb83L1Ko+jAEdwDKfgwwVU4QZqUAcGGTzDK7w5j86L8+58zFtXnHzmEP7A+fwBRlaS1A==</latexit><latexit sha1_base64="8rD66L8Ic55xRYO6/9tgka1qCVA=">AAAB+HicbVBNS8NAEJ34WetHox69LBbBU0lE0GPRi8cK9gPbUDbbSbt0swm7G6HW/hIvHhTx6k/x5r9x2+agrQ8GHu/NMDMvTAXXxvO+nZXVtfWNzcJWcXtnd6/k7h80dJIphnWWiES1QqpRcIl1w43AVqqQxqHAZji8nvrNB1SaJ/LOjFIMYtqXPOKMGit13dL9E+mkmpOOorIvsOuWvYo3A1kmfk7KkKPWdb86vYRlMUrDBNW67XupCcZUGc4EToqdTGNK2ZD2sW2ppDHqYDw7fEJOrNIjUaJsSUNm6u+JMY21HsWh7YypGehFbyr+57UzE10GYy7TzKBk80VRJohJyDQF0uMKmREjSyhT3N5K2IAqyozNqmhD8BdfXiaNs4rvVfzb83L1Ko+jAEdwDKfgwwVU4QZqUAcGGTzDK7w5j86L8+58zFtXnHzmEP7A+fwBRlaS1A==</latexit>

XZ| i
<latexit sha1_base64="qRslElUtgddXQYOUdRG8H+qd+/Y=">AAAB+XicbVDLSgNBEOyNrxhfqx69DAbBU9gVQY9BLx4jmAcmS5id9CZDZmeXmdlAWPMnXjwo4tU/8ebfOHkcNLGgoajqprsrTAXXxvO+ncLa+sbmVnG7tLO7t3/gHh41dJIphnWWiES1QqpRcIl1w43AVqqQxqHAZji8nfrNESrNE/lgxikGMe1LHnFGjZW6rtt6fCKdVHPSUVT2BXbdslfxZiCrxF+QMixQ67pfnV7CshilYYJq3fa91AQ5VYYzgZNSJ9OYUjakfWxbKmmMOshnl0/ImVV6JEqULWnITP09kdNY63Ec2s6YmoFe9qbif147M9F1kHOZZgYlmy+KMkFMQqYxkB5XyIwYW0KZ4vZWwgZUUWZsWCUbgr/88ippXFR8r+LfX5arN4s4inACp3AOPlxBFe6gBnVgMIJneIU3J3denHfnY95acBYzx/AHzucP9f2TNg==</latexit><latexit sha1_base64="qRslElUtgddXQYOUdRG8H+qd+/Y=">AAAB+XicbVDLSgNBEOyNrxhfqx69DAbBU9gVQY9BLx4jmAcmS5id9CZDZmeXmdlAWPMnXjwo4tU/8ebfOHkcNLGgoajqprsrTAXXxvO+ncLa+sbmVnG7tLO7t3/gHh41dJIphnWWiES1QqpRcIl1w43AVqqQxqHAZji8nfrNESrNE/lgxikGMe1LHnFGjZW6rtt6fCKdVHPSUVT2BXbdslfxZiCrxF+QMixQ67pfnV7CshilYYJq3fa91AQ5VYYzgZNSJ9OYUjakfWxbKmmMOshnl0/ImVV6JEqULWnITP09kdNY63Ec2s6YmoFe9qbif147M9F1kHOZZgYlmy+KMkFMQqYxkB5XyIwYW0KZ4vZWwgZUUWZsWCUbgr/88ippXFR8r+LfX5arN4s4inACp3AOPlxBFe6gBnVgMIJneIU3J3denHfnY95acBYzx/AHzucP9f2TNg==</latexit><latexit sha1_base64="qRslElUtgddXQYOUdRG8H+qd+/Y=">AAAB+XicbVDLSgNBEOyNrxhfqx69DAbBU9gVQY9BLx4jmAcmS5id9CZDZmeXmdlAWPMnXjwo4tU/8ebfOHkcNLGgoajqprsrTAXXxvO+ncLa+sbmVnG7tLO7t3/gHh41dJIphnWWiES1QqpRcIl1w43AVqqQxqHAZji8nfrNESrNE/lgxikGMe1LHnFGjZW6rtt6fCKdVHPSUVT2BXbdslfxZiCrxF+QMixQ67pfnV7CshilYYJq3fa91AQ5VYYzgZNSJ9OYUjakfWxbKmmMOshnl0/ImVV6JEqULWnITP09kdNY63Ec2s6YmoFe9qbif147M9F1kHOZZgYlmy+KMkFMQqYxkB5XyIwYW0KZ4vZWwgZUUWZsWCUbgr/88ippXFR8r+LfX5arN4s4inACp3AOPlxBFe6gBnVgMIJneIU3J3denHfnY95acBYzx/AHzucP9f2TNg==</latexit><latexit sha1_base64="qRslElUtgddXQYOUdRG8H+qd+/Y=">AAAB+XicbVDLSgNBEOyNrxhfqx69DAbBU9gVQY9BLx4jmAcmS5id9CZDZmeXmdlAWPMnXjwo4tU/8ebfOHkcNLGgoajqprsrTAXXxvO+ncLa+sbmVnG7tLO7t3/gHh41dJIphnWWiES1QqpRcIl1w43AVqqQxqHAZji8nfrNESrNE/lgxikGMe1LHnFGjZW6rtt6fCKdVHPSUVT2BXbdslfxZiCrxF+QMixQ67pfnV7CshilYYJq3fa91AQ5VYYzgZNSJ9OYUjakfWxbKmmMOshnl0/ImVV6JEqULWnITP09kdNY63Ec2s6YmoFe9qbif147M9F1kHOZZgYlmy+KMkFMQqYxkB5XyIwYW0KZ4vZWwgZUUWZsWCUbgr/88ippXFR8r+LfX5arN4s4inACp3AOPlxBFe6gBnVgMIJneIU3J3denHfnY95acBYzx/AHzucP9f2TNg==</latexit>

Our goal will be to detect when an error happens 
(quantum error detection)

We also want to know what type of error, to undo it 
(quantum error correction)

Is this even possible?

Quantum threshold theorem

p  pth
<latexit sha1_base64="w3l6VYW3/wqKn9yyLA8/gn30DCk=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbTbt0k2x3J4US+ju8eFDEqz/Gm//GbZuDtj4YeLw3w8y8QElh0HW/ncLG5tb2TnG3tLd/cHhUPj5pmiTVjDdYIhPdDqjhUsS8gQIlbyvNaRRI3gpG93O/NeHaiCR+wqnifkQHsQgFo2glX5Gu5GOiehkOZ71yxa26C5B14uWkAjnqvfJXt5+wNOIxMkmN6XiuQj+jGgWTfFbqpoYrykZ0wDuWxjTixs8WR8/IhVX6JEy0rRjJQv09kdHImGkU2M6I4tCsenPxP6+TYnjrZyJWKfKYLReFqSSYkHkCpC80ZyinllCmhb2VsCHVlKHNqWRD8FZfXifNq6rnVr3H60rtLo+jCGdwDpfgwQ3U4AHq0AAGY3iGV3hzJs6L8+58LFsLTj5zCn/gfP4AhMiR7Q==</latexit><latexit sha1_base64="w3l6VYW3/wqKn9yyLA8/gn30DCk=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbTbt0k2x3J4US+ju8eFDEqz/Gm//GbZuDtj4YeLw3w8y8QElh0HW/ncLG5tb2TnG3tLd/cHhUPj5pmiTVjDdYIhPdDqjhUsS8gQIlbyvNaRRI3gpG93O/NeHaiCR+wqnifkQHsQgFo2glX5Gu5GOiehkOZ71yxa26C5B14uWkAjnqvfJXt5+wNOIxMkmN6XiuQj+jGgWTfFbqpoYrykZ0wDuWxjTixs8WR8/IhVX6JEy0rRjJQv09kdHImGkU2M6I4tCsenPxP6+TYnjrZyJWKfKYLReFqSSYkHkCpC80ZyinllCmhb2VsCHVlKHNqWRD8FZfXifNq6rnVr3H60rtLo+jCGdwDpfgwQ3U4AHq0AAGY3iGV3hzJs6L8+58LFsLTj5zCn/gfP4AhMiR7Q==</latexit><latexit sha1_base64="w3l6VYW3/wqKn9yyLA8/gn30DCk=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbTbt0k2x3J4US+ju8eFDEqz/Gm//GbZuDtj4YeLw3w8y8QElh0HW/ncLG5tb2TnG3tLd/cHhUPj5pmiTVjDdYIhPdDqjhUsS8gQIlbyvNaRRI3gpG93O/NeHaiCR+wqnifkQHsQgFo2glX5Gu5GOiehkOZ71yxa26C5B14uWkAjnqvfJXt5+wNOIxMkmN6XiuQj+jGgWTfFbqpoYrykZ0wDuWxjTixs8WR8/IhVX6JEy0rRjJQv09kdHImGkU2M6I4tCsenPxP6+TYnjrZyJWKfKYLReFqSSYkHkCpC80ZyinllCmhb2VsCHVlKHNqWRD8FZfXifNq6rnVr3H60rtLo+jCGdwDpfgwQ3U4AHq0AAGY3iGV3hzJs6L8+58LFsLTj5zCn/gfP4AhMiR7Q==</latexit><latexit sha1_base64="w3l6VYW3/wqKn9yyLA8/gn30DCk=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbTbt0k2x3J4US+ju8eFDEqz/Gm//GbZuDtj4YeLw3w8y8QElh0HW/ncLG5tb2TnG3tLd/cHhUPj5pmiTVjDdYIhPdDqjhUsS8gQIlbyvNaRRI3gpG93O/NeHaiCR+wqnifkQHsQgFo2glX5Gu5GOiehkOZ71yxa26C5B14uWkAjnqvfJXt5+wNOIxMkmN6XiuQj+jGgWTfFbqpoYrykZ0wDuWxjTixs8WR8/IhVX6JEy0rRjJQv09kdHImGkU2M6I4tCsenPxP6+TYnjrZyJWKfKYLReFqSSYkHkCpC80ZyinllCmhb2VsCHVlKHNqWRD8FZfXifNq6rnVr3H60rtLo+jCGdwDpfgwQ3U4AHq0AAGY3iGV3hzJs6L8+58LFsLTj5zCn/gfP4AhMiR7Q==</latexit>

If             there exists a procedure for fault tolerant QC

Time for some error correction, but first…



Measurements
O

<latexit sha1_base64="UaeGPGlSTEcc6/SnXGnxtlHbwMU=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRizdbsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfj25nffkKleSwfzCRBP6JDyUPOqLFS475frrhVdw6ySrycVCBHvV/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJ66LquVWvcVmp3eRxFOEETuEcPLiCGtxBHZrAAOEZXuHNeXRenHfnY9FacPKZY/gD5/MHqBWM0w==</latexit><latexit sha1_base64="UaeGPGlSTEcc6/SnXGnxtlHbwMU=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRizdbsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfj25nffkKleSwfzCRBP6JDyUPOqLFS475frrhVdw6ySrycVCBHvV/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJ66LquVWvcVmp3eRxFOEETuEcPLiCGtxBHZrAAOEZXuHNeXRenHfnY9FacPKZY/gD5/MHqBWM0w==</latexit><latexit sha1_base64="UaeGPGlSTEcc6/SnXGnxtlHbwMU=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRizdbsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfj25nffkKleSwfzCRBP6JDyUPOqLFS475frrhVdw6ySrycVCBHvV/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJ66LquVWvcVmp3eRxFOEETuEcPLiCGtxBHZrAAOEZXuHNeXRenHfnY9FacPKZY/gD5/MHqBWM0w==</latexit><latexit sha1_base64="UaeGPGlSTEcc6/SnXGnxtlHbwMU=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRizdbsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfj25nffkKleSwfzCRBP6JDyUPOqLFS475frrhVdw6ySrycVCBHvV/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJ66LquVWvcVmp3eRxFOEETuEcPLiCGtxBHZrAAOEZXuHNeXRenHfnY9FacPKZY/gD5/MHqBWM0w==</latexit>

�1
<latexit sha1_base64="6d7HKAX/CPFJiYibEkWrfiM7QMc=">AAAB8HicbVDLSgMxFL2pr1pfVZdugkVwVWZE0GXRjcsK9iHtUDKZTBuaZIYkI5ShX+HGhSJu/Rx3/o1pOwttPRA4nHMuufeEqeDGet43Kq2tb2xulbcrO7t7+wfVw6O2STJNWYsmItHdkBgmuGIty61g3VQzIkPBOuH4duZ3npg2PFEPdpKyQJKh4jGnxDrpsS9cNCIDf1CteXVvDrxK/ILUoEBzUP3qRwnNJFOWCmJMz/dSG+REW04Fm1b6mWEpoWMyZD1HFZHMBPl84Sk+c0qE40S7pyyeq78nciKNmcjQJSWxI7PszcT/vF5m4+sg5yrNLFN08VGcCWwTPLseR1wzasXEEUI1d7tiOiKaUOs6qrgS/OWTV0n7ou57df/+sta4Keoowwmcwjn4cAUNuIMmtICChGd4hTek0Qt6Rx+LaAkVM8fwB+jzB2bPkCE=</latexit><latexit sha1_base64="6d7HKAX/CPFJiYibEkWrfiM7QMc=">AAAB8HicbVDLSgMxFL2pr1pfVZdugkVwVWZE0GXRjcsK9iHtUDKZTBuaZIYkI5ShX+HGhSJu/Rx3/o1pOwttPRA4nHMuufeEqeDGet43Kq2tb2xulbcrO7t7+wfVw6O2STJNWYsmItHdkBgmuGIty61g3VQzIkPBOuH4duZ3npg2PFEPdpKyQJKh4jGnxDrpsS9cNCIDf1CteXVvDrxK/ILUoEBzUP3qRwnNJFOWCmJMz/dSG+REW04Fm1b6mWEpoWMyZD1HFZHMBPl84Sk+c0qE40S7pyyeq78nciKNmcjQJSWxI7PszcT/vF5m4+sg5yrNLFN08VGcCWwTPLseR1wzasXEEUI1d7tiOiKaUOs6qrgS/OWTV0n7ou57df/+sta4Keoowwmcwjn4cAUNuIMmtICChGd4hTek0Qt6Rx+LaAkVM8fwB+jzB2bPkCE=</latexit><latexit sha1_base64="6d7HKAX/CPFJiYibEkWrfiM7QMc=">AAAB8HicbVDLSgMxFL2pr1pfVZdugkVwVWZE0GXRjcsK9iHtUDKZTBuaZIYkI5ShX+HGhSJu/Rx3/o1pOwttPRA4nHMuufeEqeDGet43Kq2tb2xulbcrO7t7+wfVw6O2STJNWYsmItHdkBgmuGIty61g3VQzIkPBOuH4duZ3npg2PFEPdpKyQJKh4jGnxDrpsS9cNCIDf1CteXVvDrxK/ILUoEBzUP3qRwnNJFOWCmJMz/dSG+REW04Fm1b6mWEpoWMyZD1HFZHMBPl84Sk+c0qE40S7pyyeq78nciKNmcjQJSWxI7PszcT/vF5m4+sg5yrNLFN08VGcCWwTPLseR1wzasXEEUI1d7tiOiKaUOs6qrgS/OWTV0n7ou57df/+sta4Keoowwmcwjn4cAUNuIMmtICChGd4hTek0Qt6Rx+LaAkVM8fwB+jzB2bPkCE=</latexit><latexit sha1_base64="6d7HKAX/CPFJiYibEkWrfiM7QMc=">AAAB8HicbVDLSgMxFL2pr1pfVZdugkVwVWZE0GXRjcsK9iHtUDKZTBuaZIYkI5ShX+HGhSJu/Rx3/o1pOwttPRA4nHMuufeEqeDGet43Kq2tb2xulbcrO7t7+wfVw6O2STJNWYsmItHdkBgmuGIty61g3VQzIkPBOuH4duZ3npg2PFEPdpKyQJKh4jGnxDrpsS9cNCIDf1CteXVvDrxK/ILUoEBzUP3qRwnNJFOWCmJMz/dSG+REW04Fm1b6mWEpoWMyZD1HFZHMBPl84Sk+c0qE40S7pyyeq78nciKNmcjQJSWxI7PszcT/vF5m4+sg5yrNLFN08VGcCWwTPLseR1wzasXEEUI1d7tiOiKaUOs6qrgS/OWTV0n7ou57df/+sta4Keoowwmcwjn4cAUNuIMmtICChGd4hTek0Qt6Rx+LaAkVM8fwB+jzB2bPkCE=</latexit>

�2
<latexit sha1_base64="8FQpCAit46Yvh49GVbVk4i6juAM=">AAAB8HicbVDLSgMxFL3xWeur6tJNsAiuykwRdFl047KCfUg7lEwm04YmmSHJCGXoV7hxoYhbP8edf2PazkJbDwQO55xL7j1hKrixnveN1tY3Nre2Szvl3b39g8PK0XHbJJmmrEUTkehuSAwTXLGW5VawbqoZkaFgnXB8O/M7T0wbnqgHO0lZIMlQ8ZhTYp302BcuGpFBfVCpejVvDrxK/IJUoUBzUPnqRwnNJFOWCmJMz/dSG+REW04Fm5b7mWEpoWMyZD1HFZHMBPl84Sk+d0qE40S7pyyeq78nciKNmcjQJSWxI7PszcT/vF5m4+sg5yrNLFN08VGcCWwTPLseR1wzasXEEUI1d7tiOiKaUOs6KrsS/OWTV0m7XvO9mn9/WW3cFHWU4BTO4AJ8uIIG3EETWkBBwjO8whvS6AW9o49FdA0VMyfwB+jzB2hTkCI=</latexit><latexit sha1_base64="8FQpCAit46Yvh49GVbVk4i6juAM=">AAAB8HicbVDLSgMxFL3xWeur6tJNsAiuykwRdFl047KCfUg7lEwm04YmmSHJCGXoV7hxoYhbP8edf2PazkJbDwQO55xL7j1hKrixnveN1tY3Nre2Szvl3b39g8PK0XHbJJmmrEUTkehuSAwTXLGW5VawbqoZkaFgnXB8O/M7T0wbnqgHO0lZIMlQ8ZhTYp302BcuGpFBfVCpejVvDrxK/IJUoUBzUPnqRwnNJFOWCmJMz/dSG+REW04Fm5b7mWEpoWMyZD1HFZHMBPl84Sk+d0qE40S7pyyeq78nciKNmcjQJSWxI7PszcT/vF5m4+sg5yrNLFN08VGcCWwTPLseR1wzasXEEUI1d7tiOiKaUOs6KrsS/OWTV0m7XvO9mn9/WW3cFHWU4BTO4AJ8uIIG3EETWkBBwjO8whvS6AW9o49FdA0VMyfwB+jzB2hTkCI=</latexit><latexit sha1_base64="8FQpCAit46Yvh49GVbVk4i6juAM=">AAAB8HicbVDLSgMxFL3xWeur6tJNsAiuykwRdFl047KCfUg7lEwm04YmmSHJCGXoV7hxoYhbP8edf2PazkJbDwQO55xL7j1hKrixnveN1tY3Nre2Szvl3b39g8PK0XHbJJmmrEUTkehuSAwTXLGW5VawbqoZkaFgnXB8O/M7T0wbnqgHO0lZIMlQ8ZhTYp302BcuGpFBfVCpejVvDrxK/IJUoUBzUPnqRwnNJFOWCmJMz/dSG+REW04Fm5b7mWEpoWMyZD1HFZHMBPl84Sk+d0qE40S7pyyeq78nciKNmcjQJSWxI7PszcT/vF5m4+sg5yrNLFN08VGcCWwTPLseR1wzasXEEUI1d7tiOiKaUOs6KrsS/OWTV0m7XvO9mn9/WW3cFHWU4BTO4AJ8uIIG3EETWkBBwjO8whvS6AW9o49FdA0VMyfwB+jzB2hTkCI=</latexit><latexit sha1_base64="8FQpCAit46Yvh49GVbVk4i6juAM=">AAAB8HicbVDLSgMxFL3xWeur6tJNsAiuykwRdFl047KCfUg7lEwm04YmmSHJCGXoV7hxoYhbP8edf2PazkJbDwQO55xL7j1hKrixnveN1tY3Nre2Szvl3b39g8PK0XHbJJmmrEUTkehuSAwTXLGW5VawbqoZkaFgnXB8O/M7T0wbnqgHO0lZIMlQ8ZhTYp302BcuGpFBfVCpejVvDrxK/IJUoUBzUPnqRwnNJFOWCmJMz/dSG+REW04Fm5b7mWEpoWMyZD1HFZHMBPl84Sk+d0qE40S7pyyeq78nciKNmcjQJSWxI7PszcT/vF5m4+sg5yrNLFN08VGcCWwTPLseR1wzasXEEUI1d7tiOiKaUOs6KrsS/OWTV0m7XvO9mn9/WW3cFHWU4BTO4AJ8uIIG3EETWkBBwjO8whvS6AW9o49FdA0VMyfwB+jzB2hTkCI=</latexit>

�3
<latexit sha1_base64="on4i+UsgbtKhiQNY2dSGt/SdRkQ=">AAAB8HicbVDLSgMxFL1TX7W+qi7dBIvgqsyooMuiG5cVbK20Q8lkMm1oHkOSEcrQr3DjQhG3fo47/8a0nYW2HggczjmX3HuilDNjff/bK62srq1vlDcrW9s7u3vV/YO2UZkmtEUUV7oTYUM5k7RlmeW0k2qKRcTpQzS6mfoPT1QbpuS9Hac0FHggWcIItk567HEXjXH/vF+t+XV/BrRMgoLUoECzX/3qxYpkgkpLODamG/ipDXOsLSOcTiq9zNAUkxEe0K6jEgtqwny28ASdOCVGidLuSYtm6u+JHAtjxiJySYHt0Cx6U/E/r5vZ5CrMmUwzSyWZf5RkHFmFptejmGlKLB87golmbldEhlhjYl1HFVdCsHjyMmmf1QO/Htxd1BrXRR1lOIJjOIUALqEBt9CEFhAQ8Ayv8OZp78V79z7m0ZJXzBzCH3ifP2nXkCM=</latexit><latexit sha1_base64="on4i+UsgbtKhiQNY2dSGt/SdRkQ=">AAAB8HicbVDLSgMxFL1TX7W+qi7dBIvgqsyooMuiG5cVbK20Q8lkMm1oHkOSEcrQr3DjQhG3fo47/8a0nYW2HggczjmX3HuilDNjff/bK62srq1vlDcrW9s7u3vV/YO2UZkmtEUUV7oTYUM5k7RlmeW0k2qKRcTpQzS6mfoPT1QbpuS9Hac0FHggWcIItk567HEXjXH/vF+t+XV/BrRMgoLUoECzX/3qxYpkgkpLODamG/ipDXOsLSOcTiq9zNAUkxEe0K6jEgtqwny28ASdOCVGidLuSYtm6u+JHAtjxiJySYHt0Cx6U/E/r5vZ5CrMmUwzSyWZf5RkHFmFptejmGlKLB87golmbldEhlhjYl1HFVdCsHjyMmmf1QO/Htxd1BrXRR1lOIJjOIUALqEBt9CEFhAQ8Ayv8OZp78V79z7m0ZJXzBzCH3ifP2nXkCM=</latexit><latexit sha1_base64="on4i+UsgbtKhiQNY2dSGt/SdRkQ=">AAAB8HicbVDLSgMxFL1TX7W+qi7dBIvgqsyooMuiG5cVbK20Q8lkMm1oHkOSEcrQr3DjQhG3fo47/8a0nYW2HggczjmX3HuilDNjff/bK62srq1vlDcrW9s7u3vV/YO2UZkmtEUUV7oTYUM5k7RlmeW0k2qKRcTpQzS6mfoPT1QbpuS9Hac0FHggWcIItk567HEXjXH/vF+t+XV/BrRMgoLUoECzX/3qxYpkgkpLODamG/ipDXOsLSOcTiq9zNAUkxEe0K6jEgtqwny28ASdOCVGidLuSYtm6u+JHAtjxiJySYHt0Cx6U/E/r5vZ5CrMmUwzSyWZf5RkHFmFptejmGlKLB87golmbldEhlhjYl1HFVdCsHjyMmmf1QO/Htxd1BrXRR1lOIJjOIUALqEBt9CEFhAQ8Ayv8OZp78V79z7m0ZJXzBzCH3ifP2nXkCM=</latexit><latexit sha1_base64="on4i+UsgbtKhiQNY2dSGt/SdRkQ=">AAAB8HicbVDLSgMxFL1TX7W+qi7dBIvgqsyooMuiG5cVbK20Q8lkMm1oHkOSEcrQr3DjQhG3fo47/8a0nYW2HggczjmX3HuilDNjff/bK62srq1vlDcrW9s7u3vV/YO2UZkmtEUUV7oTYUM5k7RlmeW0k2qKRcTpQzS6mfoPT1QbpuS9Hac0FHggWcIItk567HEXjXH/vF+t+XV/BrRMgoLUoECzX/3qxYpkgkpLODamG/ipDXOsLSOcTiq9zNAUkxEe0K6jEgtqwny28ASdOCVGidLuSYtm6u+JHAtjxiJySYHt0Cx6U/E/r5vZ5CrMmUwzSyWZf5RkHFmFptejmGlKLB87golmbldEhlhjYl1HFVdCsHjyMmmf1QO/Htxd1BrXRR1lOIJjOIUALqEBt9CEFhAQ8Ayv8OZp78V79z7m0ZJXzBzCH3ifP2nXkCM=</latexit>

�4
<latexit sha1_base64="CxaEDwLe9sQffKwIPLabfM+1CIQ=">AAAB8HicbVDLSgMxFL2pr1pfVZdugkVwVWZE0GXRjcsK9iHtUDKZTBuaZIYkI5ShX+HGhSJu/Rx3/o1pOwttPRA4nHMuufeEqeDGet43Kq2tb2xulbcrO7t7+wfVw6O2STJNWYsmItHdkBgmuGIty61g3VQzIkPBOuH4duZ3npg2PFEPdpKyQJKh4jGnxDrpsS9cNCKDy0G15tW9OfAq8QtSgwLNQfWrHyU0k0xZKogxPd9LbZATbTkVbFrpZ4alhI7JkPUcVUQyE+Tzhaf4zCkRjhPtnrJ4rv6eyIk0ZiJDl5TEjsyyNxP/83qZja+DnKs0s0zRxUdxJrBN8Ox6HHHNqBUTRwjV3O2K6YhoQq3rqOJK8JdPXiXti7rv1f37y1rjpqijDCdwCufgwxU04A6a0AIKEp7hFd6QRi/oHX0soiVUzBzDH6DPH2tbkCQ=</latexit><latexit sha1_base64="CxaEDwLe9sQffKwIPLabfM+1CIQ=">AAAB8HicbVDLSgMxFL2pr1pfVZdugkVwVWZE0GXRjcsK9iHtUDKZTBuaZIYkI5ShX+HGhSJu/Rx3/o1pOwttPRA4nHMuufeEqeDGet43Kq2tb2xulbcrO7t7+wfVw6O2STJNWYsmItHdkBgmuGIty61g3VQzIkPBOuH4duZ3npg2PFEPdpKyQJKh4jGnxDrpsS9cNCKDy0G15tW9OfAq8QtSgwLNQfWrHyU0k0xZKogxPd9LbZATbTkVbFrpZ4alhI7JkPUcVUQyE+Tzhaf4zCkRjhPtnrJ4rv6eyIk0ZiJDl5TEjsyyNxP/83qZja+DnKs0s0zRxUdxJrBN8Ox6HHHNqBUTRwjV3O2K6YhoQq3rqOJK8JdPXiXti7rv1f37y1rjpqijDCdwCufgwxU04A6a0AIKEp7hFd6QRi/oHX0soiVUzBzDH6DPH2tbkCQ=</latexit><latexit sha1_base64="CxaEDwLe9sQffKwIPLabfM+1CIQ=">AAAB8HicbVDLSgMxFL2pr1pfVZdugkVwVWZE0GXRjcsK9iHtUDKZTBuaZIYkI5ShX+HGhSJu/Rx3/o1pOwttPRA4nHMuufeEqeDGet43Kq2tb2xulbcrO7t7+wfVw6O2STJNWYsmItHdkBgmuGIty61g3VQzIkPBOuH4duZ3npg2PFEPdpKyQJKh4jGnxDrpsS9cNCKDy0G15tW9OfAq8QtSgwLNQfWrHyU0k0xZKogxPd9LbZATbTkVbFrpZ4alhI7JkPUcVUQyE+Tzhaf4zCkRjhPtnrJ4rv6eyIk0ZiJDl5TEjsyyNxP/83qZja+DnKs0s0zRxUdxJrBN8Ox6HHHNqBUTRwjV3O2K6YhoQq3rqOJK8JdPXiXti7rv1f37y1rjpqijDCdwCufgwxU04A6a0AIKEp7hFd6QRi/oHX0soiVUzBzDH6DPH2tbkCQ=</latexit><latexit sha1_base64="CxaEDwLe9sQffKwIPLabfM+1CIQ=">AAAB8HicbVDLSgMxFL2pr1pfVZdugkVwVWZE0GXRjcsK9iHtUDKZTBuaZIYkI5ShX+HGhSJu/Rx3/o1pOwttPRA4nHMuufeEqeDGet43Kq2tb2xulbcrO7t7+wfVw6O2STJNWYsmItHdkBgmuGIty61g3VQzIkPBOuH4duZ3npg2PFEPdpKyQJKh4jGnxDrpsS9cNCKDy0G15tW9OfAq8QtSgwLNQfWrHyU0k0xZKogxPd9LbZATbTkVbFrpZ4alhI7JkPUcVUQyE+Tzhaf4zCkRjhPtnrJ4rv6eyIk0ZiJDl5TEjsyyNxP/83qZja+DnKs0s0zRxUdxJrBN8Ox6HHHNqBUTRwjV3O2K6YhoQq3rqOJK8JdPXiXti7rv1f37y1rjpqijDCdwCufgwxU04A6a0AIKEp7hFd6QRi/oHX0soiVUzBzDH6DPH2tbkCQ=</latexit>

...
<latexit sha1_base64="ocgiAjpDjkxJr5kPWC1BB+yVGnk=">AAAB7XicbVBNS8NAEJ34WetX1aOXYBE8lUQEPRa9eKxgP6ANZbPZtGs3u2F3Uiih/8GLB0W8+n+8+W/ctjlo64OBx3szzMwLU8ENet63s7a+sbm1Xdop7+7tHxxWjo5bRmWasiZVQulOSAwTXLImchSsk2pGklCwdji6m/ntMdOGK/mIk5QFCRlIHnNK0Eqt3jhSaPqVqlfz5nBXiV+QKhRo9CtfvUjRLGESqSDGdH0vxSAnGjkVbFruZYalhI7IgHUtlSRhJsjn107dc6tEbqy0LYnuXP09kZPEmEkS2s6E4NAsezPxP6+bYXwT5FymGTJJF4viTLio3NnrbsQ1oygmlhCqub3VpUOiCUUbUNmG4C+/vEpalzXfq/kPV9X6bRFHCU7hDC7Ah2uowz00oAkUnuAZXuHNUc6L8+58LFrXnGLmBP7A+fwBy2+PQg==</latexit><latexit sha1_base64="ocgiAjpDjkxJr5kPWC1BB+yVGnk=">AAAB7XicbVBNS8NAEJ34WetX1aOXYBE8lUQEPRa9eKxgP6ANZbPZtGs3u2F3Uiih/8GLB0W8+n+8+W/ctjlo64OBx3szzMwLU8ENet63s7a+sbm1Xdop7+7tHxxWjo5bRmWasiZVQulOSAwTXLImchSsk2pGklCwdji6m/ntMdOGK/mIk5QFCRlIHnNK0Eqt3jhSaPqVqlfz5nBXiV+QKhRo9CtfvUjRLGESqSDGdH0vxSAnGjkVbFruZYalhI7IgHUtlSRhJsjn107dc6tEbqy0LYnuXP09kZPEmEkS2s6E4NAsezPxP6+bYXwT5FymGTJJF4viTLio3NnrbsQ1oygmlhCqub3VpUOiCUUbUNmG4C+/vEpalzXfq/kPV9X6bRFHCU7hDC7Ah2uowz00oAkUnuAZXuHNUc6L8+58LFrXnGLmBP7A+fwBy2+PQg==</latexit><latexit sha1_base64="ocgiAjpDjkxJr5kPWC1BB+yVGnk=">AAAB7XicbVBNS8NAEJ34WetX1aOXYBE8lUQEPRa9eKxgP6ANZbPZtGs3u2F3Uiih/8GLB0W8+n+8+W/ctjlo64OBx3szzMwLU8ENet63s7a+sbm1Xdop7+7tHxxWjo5bRmWasiZVQulOSAwTXLImchSsk2pGklCwdji6m/ntMdOGK/mIk5QFCRlIHnNK0Eqt3jhSaPqVqlfz5nBXiV+QKhRo9CtfvUjRLGESqSDGdH0vxSAnGjkVbFruZYalhI7IgHUtlSRhJsjn107dc6tEbqy0LYnuXP09kZPEmEkS2s6E4NAsezPxP6+bYXwT5FymGTJJF4viTLio3NnrbsQ1oygmlhCqub3VpUOiCUUbUNmG4C+/vEpalzXfq/kPV9X6bRFHCU7hDC7Ah2uowz00oAkUnuAZXuHNUc6L8+58LFrXnGLmBP7A+fwBy2+PQg==</latexit><latexit sha1_base64="ocgiAjpDjkxJr5kPWC1BB+yVGnk=">AAAB7XicbVBNS8NAEJ34WetX1aOXYBE8lUQEPRa9eKxgP6ANZbPZtGs3u2F3Uiih/8GLB0W8+n+8+W/ctjlo64OBx3szzMwLU8ENet63s7a+sbm1Xdop7+7tHxxWjo5bRmWasiZVQulOSAwTXLImchSsk2pGklCwdji6m/ntMdOGK/mIk5QFCRlIHnNK0Eqt3jhSaPqVqlfz5nBXiV+QKhRo9CtfvUjRLGESqSDGdH0vxSAnGjkVbFruZYalhI7IgHUtlSRhJsjn107dc6tEbqy0LYnuXP09kZPEmEkS2s6E4NAsezPxP6+bYXwT5FymGTJJF4viTLio3NnrbsQ1oygmlhCqub3VpUOiCUUbUNmG4C+/vEpalzXfq/kPV9X6bRFHCU7hDC7Ah2uowz00oAkUnuAZXuHNUc6L8+58LFrXnGLmBP7A+fwBy2+PQg==</latexit>

�n
<latexit sha1_base64="ZKF4KSNvZ9RtOOwj2gJZX58ARx4=">AAAB8HicbVDLSgMxFL2pr1pfVZdugkVwVWZE0GXRjcsK9iHtUDKZTBuaZIYkI5ShX+HGhSJu/Rx3/o1pOwttPRA4nHMuufeEqeDGet43Kq2tb2xulbcrO7t7+wfVw6O2STJNWYsmItHdkBgmuGIty61g3VQzIkPBOuH4duZ3npg2PFEPdpKyQJKh4jGnxDrpsS9cNCIDNajWvLo3B14lfkFqUKA5qH71o4RmkilLBTGm53upDXKiLaeCTSv9zLCU0DEZsp6jikhmgny+8BSfOSXCcaLdUxbP1d8TOZHGTGTokpLYkVn2ZuJ/Xi+z8XWQc5Vmlim6+CjOBLYJnl2PI64ZtWLiCKGau10xHRFNqHUdVVwJ/vLJq6R9Ufe9un9/WWvcFHWU4QRO4Rx8uIIG3EETWkBBwjO8whvS6AW9o49FtISKmWP4A/T5A8NDkF4=</latexit><latexit sha1_base64="ZKF4KSNvZ9RtOOwj2gJZX58ARx4=">AAAB8HicbVDLSgMxFL2pr1pfVZdugkVwVWZE0GXRjcsK9iHtUDKZTBuaZIYkI5ShX+HGhSJu/Rx3/o1pOwttPRA4nHMuufeEqeDGet43Kq2tb2xulbcrO7t7+wfVw6O2STJNWYsmItHdkBgmuGIty61g3VQzIkPBOuH4duZ3npg2PFEPdpKyQJKh4jGnxDrpsS9cNCIDNajWvLo3B14lfkFqUKA5qH71o4RmkilLBTGm53upDXKiLaeCTSv9zLCU0DEZsp6jikhmgny+8BSfOSXCcaLdUxbP1d8TOZHGTGTokpLYkVn2ZuJ/Xi+z8XWQc5Vmlim6+CjOBLYJnl2PI64ZtWLiCKGau10xHRFNqHUdVVwJ/vLJq6R9Ufe9un9/WWvcFHWU4QRO4Rx8uIIG3EETWkBBwjO8whvS6AW9o49FtISKmWP4A/T5A8NDkF4=</latexit><latexit sha1_base64="ZKF4KSNvZ9RtOOwj2gJZX58ARx4=">AAAB8HicbVDLSgMxFL2pr1pfVZdugkVwVWZE0GXRjcsK9iHtUDKZTBuaZIYkI5ShX+HGhSJu/Rx3/o1pOwttPRA4nHMuufeEqeDGet43Kq2tb2xulbcrO7t7+wfVw6O2STJNWYsmItHdkBgmuGIty61g3VQzIkPBOuH4duZ3npg2PFEPdpKyQJKh4jGnxDrpsS9cNCIDNajWvLo3B14lfkFqUKA5qH71o4RmkilLBTGm53upDXKiLaeCTSv9zLCU0DEZsp6jikhmgny+8BSfOSXCcaLdUxbP1d8TOZHGTGTokpLYkVn2ZuJ/Xi+z8XWQc5Vmlim6+CjOBLYJnl2PI64ZtWLiCKGau10xHRFNqHUdVVwJ/vLJq6R9Ufe9un9/WWvcFHWU4QRO4Rx8uIIG3EETWkBBwjO8whvS6AW9o49FtISKmWP4A/T5A8NDkF4=</latexit><latexit sha1_base64="ZKF4KSNvZ9RtOOwj2gJZX58ARx4=">AAAB8HicbVDLSgMxFL2pr1pfVZdugkVwVWZE0GXRjcsK9iHtUDKZTBuaZIYkI5ShX+HGhSJu/Rx3/o1pOwttPRA4nHMuufeEqeDGet43Kq2tb2xulbcrO7t7+wfVw6O2STJNWYsmItHdkBgmuGIty61g3VQzIkPBOuH4duZ3npg2PFEPdpKyQJKh4jGnxDrpsS9cNCIDNajWvLo3B14lfkFqUKA5qH71o4RmkilLBTGm53upDXKiLaeCTSv9zLCU0DEZsp6jikhmgny+8BSfOSXCcaLdUxbP1d8TOZHGTGTokpLYkVn2ZuJ/Xi+z8XWQc5Vmlim6+CjOBLYJnl2PI64ZtWLiCKGau10xHRFNqHUdVVwJ/vLJq6R9Ufe9un9/WWvcFHWU4QRO4Rx8uIIG3EETWkBBwjO8whvS6AW9o49FtISKmWP4A/T5A8NDkF4=</latexit>

|v1i
<latexit sha1_base64="FYPVsanrVwTD7CM178iTgOPGt70=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbSbt0s4m7m0KJ/R1ePCji1R/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hodua3xqg0j+WDmSToR3QgecgZNVbyn8i455GuonIgsFeuuFV3DrJKvJxUIEe9V/7q9mOWRigNE1Trjucmxs+oMpwJnJa6qcaEshEdYMdSSSPUfjY/ekrOrNInYaxsSUPm6u+JjEZaT6LAdkbUDPWyNxP/8zqpCa/9jMskNSjZYlGYCmJiMkuA9LlCZsTEEsoUt7cSNqSKMmNzKtkQvOWXV0nzouq5Ve/+slK7yeMowgmcwjl4cAU1uIM6NIDBIzzDK7w5Y+fFeXc+Fq0FJ585hj9wPn8A+taRkw==</latexit><latexit sha1_base64="FYPVsanrVwTD7CM178iTgOPGt70=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbSbt0s4m7m0KJ/R1ePCji1R/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hodua3xqg0j+WDmSToR3QgecgZNVbyn8i455GuonIgsFeuuFV3DrJKvJxUIEe9V/7q9mOWRigNE1Trjucmxs+oMpwJnJa6qcaEshEdYMdSSSPUfjY/ekrOrNInYaxsSUPm6u+JjEZaT6LAdkbUDPWyNxP/8zqpCa/9jMskNSjZYlGYCmJiMkuA9LlCZsTEEsoUt7cSNqSKMmNzKtkQvOWXV0nzouq5Ve/+slK7yeMowgmcwjl4cAU1uIM6NIDBIzzDK7w5Y+fFeXc+Fq0FJ585hj9wPn8A+taRkw==</latexit><latexit sha1_base64="FYPVsanrVwTD7CM178iTgOPGt70=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbSbt0s4m7m0KJ/R1ePCji1R/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hodua3xqg0j+WDmSToR3QgecgZNVbyn8i455GuonIgsFeuuFV3DrJKvJxUIEe9V/7q9mOWRigNE1Trjucmxs+oMpwJnJa6qcaEshEdYMdSSSPUfjY/ekrOrNInYaxsSUPm6u+JjEZaT6LAdkbUDPWyNxP/8zqpCa/9jMskNSjZYlGYCmJiMkuA9LlCZsTEEsoUt7cSNqSKMmNzKtkQvOWXV0nzouq5Ve/+slK7yeMowgmcwjl4cAU1uIM6NIDBIzzDK7w5Y+fFeXc+Fq0FJ585hj9wPn8A+taRkw==</latexit><latexit sha1_base64="FYPVsanrVwTD7CM178iTgOPGt70=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbSbt0s4m7m0KJ/R1ePCji1R/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hodua3xqg0j+WDmSToR3QgecgZNVbyn8i455GuonIgsFeuuFV3DrJKvJxUIEe9V/7q9mOWRigNE1Trjucmxs+oMpwJnJa6qcaEshEdYMdSSSPUfjY/ekrOrNInYaxsSUPm6u+JjEZaT6LAdkbUDPWyNxP/8zqpCa/9jMskNSjZYlGYCmJiMkuA9LlCZsTEEsoUt7cSNqSKMmNzKtkQvOWXV0nzouq5Ve/+slK7yeMowgmcwjl4cAU1uIM6NIDBIzzDK7w5Y+fFeXc+Fq0FJ585hj9wPn8A+taRkw==</latexit>

|v2i
<latexit sha1_base64="lBCl6iXfE16DUvESua0TSOr6W8I=">AAAB9HicbVBNS8NAEJ34WetX1aOXxSJ4KkkR9Fj04rGC/YA2lM120i7dbOLuplBif4cXD4p49cd489+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0O/NbY1Sax/LBTBL0IzqQPOSMGiv5T2Tcq5KuonIgsFcquxV3DrJKvJyUIUe9V/rq9mOWRigNE1Trjucmxs+oMpwJnBa7qcaEshEdYMdSSSPUfjY/ekrOrdInYaxsSUPm6u+JjEZaT6LAdkbUDPWyNxP/8zqpCa/9jMskNSjZYlGYCmJiMkuA9LlCZsTEEsoUt7cSNqSKMmNzKtoQvOWXV0mzWvHcind/Wa7d5HEU4BTO4AI8uIIa3EEdGsDgEZ7hFd6csfPivDsfi9Y1J585gT9wPn8A/GKRlA==</latexit><latexit sha1_base64="lBCl6iXfE16DUvESua0TSOr6W8I=">AAAB9HicbVBNS8NAEJ34WetX1aOXxSJ4KkkR9Fj04rGC/YA2lM120i7dbOLuplBif4cXD4p49cd489+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0O/NbY1Sax/LBTBL0IzqQPOSMGiv5T2Tcq5KuonIgsFcquxV3DrJKvJyUIUe9V/rq9mOWRigNE1Trjucmxs+oMpwJnBa7qcaEshEdYMdSSSPUfjY/ekrOrdInYaxsSUPm6u+JjEZaT6LAdkbUDPWyNxP/8zqpCa/9jMskNSjZYlGYCmJiMkuA9LlCZsTEEsoUt7cSNqSKMmNzKtoQvOWXV0mzWvHcind/Wa7d5HEU4BTO4AI8uIIa3EEdGsDgEZ7hFd6csfPivDsfi9Y1J585gT9wPn8A/GKRlA==</latexit><latexit sha1_base64="lBCl6iXfE16DUvESua0TSOr6W8I=">AAAB9HicbVBNS8NAEJ34WetX1aOXxSJ4KkkR9Fj04rGC/YA2lM120i7dbOLuplBif4cXD4p49cd489+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0O/NbY1Sax/LBTBL0IzqQPOSMGiv5T2Tcq5KuonIgsFcquxV3DrJKvJyUIUe9V/rq9mOWRigNE1Trjucmxs+oMpwJnBa7qcaEshEdYMdSSSPUfjY/ekrOrdInYaxsSUPm6u+JjEZaT6LAdkbUDPWyNxP/8zqpCa/9jMskNSjZYlGYCmJiMkuA9LlCZsTEEsoUt7cSNqSKMmNzKtoQvOWXV0mzWvHcind/Wa7d5HEU4BTO4AI8uIIa3EEdGsDgEZ7hFd6csfPivDsfi9Y1J585gT9wPn8A/GKRlA==</latexit><latexit sha1_base64="lBCl6iXfE16DUvESua0TSOr6W8I=">AAAB9HicbVBNS8NAEJ34WetX1aOXxSJ4KkkR9Fj04rGC/YA2lM120i7dbOLuplBif4cXD4p49cd489+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0O/NbY1Sax/LBTBL0IzqQPOSMGiv5T2Tcq5KuonIgsFcquxV3DrJKvJyUIUe9V/rq9mOWRigNE1Trjucmxs+oMpwJnBa7qcaEshEdYMdSSSPUfjY/ekrOrdInYaxsSUPm6u+JjEZaT6LAdkbUDPWyNxP/8zqpCa/9jMskNSjZYlGYCmJiMkuA9LlCZsTEEsoUt7cSNqSKMmNzKtoQvOWXV0mzWvHcind/Wa7d5HEU4BTO4AI8uIIa3EEdGsDgEZ7hFd6csfPivDsfi9Y1J585gT9wPn8A/GKRlA==</latexit>

|v3i
<latexit sha1_base64="yhznEu2oYoLpjYQhcy1wZ2Aw8Sw=">AAAB9HicbVBNS8NAEJ34WetX1aOXxSJ4KokKeix68VjBfkAbymY7aZduNnF3Uyixv8OLB0W8+mO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dJwqhnUWi1i1AqpRcIl1w43AVqKQRoHAZjC8nfrNESrNY/lgxgn6Ee1LHnJGjZX8JzLqXpCOorIvsFsquxV3BrJMvJyUIUetW/rq9GKWRigNE1Trtucmxs+oMpwJnBQ7qcaEsiHtY9tSSSPUfjY7ekJOrdIjYaxsSUNm6u+JjEZaj6PAdkbUDPSiNxX/89qpCa/9jMskNSjZfFGYCmJiMk2A9LhCZsTYEsoUt7cSNqCKMmNzKtoQvMWXl0njvOK5Fe/+sly9yeMowDGcwBl4cAVVuIMa1IHBIzzDK7w5I+fFeXc+5q0rTj5zBH/gfP4A/e6RlQ==</latexit><latexit sha1_base64="yhznEu2oYoLpjYQhcy1wZ2Aw8Sw=">AAAB9HicbVBNS8NAEJ34WetX1aOXxSJ4KokKeix68VjBfkAbymY7aZduNnF3Uyixv8OLB0W8+mO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dJwqhnUWi1i1AqpRcIl1w43AVqKQRoHAZjC8nfrNESrNY/lgxgn6Ee1LHnJGjZX8JzLqXpCOorIvsFsquxV3BrJMvJyUIUetW/rq9GKWRigNE1Trtucmxs+oMpwJnBQ7qcaEsiHtY9tSSSPUfjY7ekJOrdIjYaxsSUNm6u+JjEZaj6PAdkbUDPSiNxX/89qpCa/9jMskNSjZfFGYCmJiMk2A9LhCZsTYEsoUt7cSNqCKMmNzKtoQvMWXl0njvOK5Fe/+sly9yeMowDGcwBl4cAVVuIMa1IHBIzzDK7w5I+fFeXc+5q0rTj5zBH/gfP4A/e6RlQ==</latexit><latexit sha1_base64="yhznEu2oYoLpjYQhcy1wZ2Aw8Sw=">AAAB9HicbVBNS8NAEJ34WetX1aOXxSJ4KokKeix68VjBfkAbymY7aZduNnF3Uyixv8OLB0W8+mO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dJwqhnUWi1i1AqpRcIl1w43AVqKQRoHAZjC8nfrNESrNY/lgxgn6Ee1LHnJGjZX8JzLqXpCOorIvsFsquxV3BrJMvJyUIUetW/rq9GKWRigNE1Trtucmxs+oMpwJnBQ7qcaEsiHtY9tSSSPUfjY7ekJOrdIjYaxsSUNm6u+JjEZaj6PAdkbUDPSiNxX/89qpCa/9jMskNSjZfFGYCmJiMk2A9LhCZsTYEsoUt7cSNqCKMmNzKtoQvMWXl0njvOK5Fe/+sly9yeMowDGcwBl4cAVVuIMa1IHBIzzDK7w5I+fFeXc+5q0rTj5zBH/gfP4A/e6RlQ==</latexit><latexit sha1_base64="yhznEu2oYoLpjYQhcy1wZ2Aw8Sw=">AAAB9HicbVBNS8NAEJ34WetX1aOXxSJ4KokKeix68VjBfkAbymY7aZduNnF3Uyixv8OLB0W8+mO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dJwqhnUWi1i1AqpRcIl1w43AVqKQRoHAZjC8nfrNESrNY/lgxgn6Ee1LHnJGjZX8JzLqXpCOorIvsFsquxV3BrJMvJyUIUetW/rq9GKWRigNE1Trtucmxs+oMpwJnBQ7qcaEsiHtY9tSSSPUfjY7ekJOrdIjYaxsSUNm6u+JjEZaj6PAdkbUDPSiNxX/89qpCa/9jMskNSjZfFGYCmJiMk2A9LhCZsTYEsoUt7cSNqCKMmNzKtoQvMWXl0njvOK5Fe/+sly9yeMowDGcwBl4cAVVuIMa1IHBIzzDK7w5I+fFeXc+5q0rTj5zBH/gfP4A/e6RlQ==</latexit>

|v4i
<latexit sha1_base64="4LZ4lvIw+APN8QfIIesYHDYSWTY=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbSbt0s4m7m0KJ/R1ePCji1R/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hodua3xqg0j+WDmSToR3QgecgZNVbyn8i4d0m6isqBwF654lbdOcgq8XJSgRz1Xvmr249ZGqE0TFCtO56bGD+jynAmcFrqphoTykZ0gB1LJY1Q+9n86Ck5s0qfhLGyJQ2Zq78nMhppPYkC2xlRM9TL3kz8z+ukJrz2My6T1KBki0VhKoiJySwB0ucKmRETSyhT3N5K2JAqyozNqWRD8JZfXiXNi6rnVr37y0rtJo+jCCdwCufgwRXU4A7q0AAGj/AMr/DmjJ0X5935WLQWnHzmGP7A+fwB/3qRlg==</latexit><latexit sha1_base64="4LZ4lvIw+APN8QfIIesYHDYSWTY=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbSbt0s4m7m0KJ/R1ePCji1R/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hodua3xqg0j+WDmSToR3QgecgZNVbyn8i4d0m6isqBwF654lbdOcgq8XJSgRz1Xvmr249ZGqE0TFCtO56bGD+jynAmcFrqphoTykZ0gB1LJY1Q+9n86Ck5s0qfhLGyJQ2Zq78nMhppPYkC2xlRM9TL3kz8z+ukJrz2My6T1KBki0VhKoiJySwB0ucKmRETSyhT3N5K2JAqyozNqWRD8JZfXiXNi6rnVr37y0rtJo+jCCdwCufgwRXU4A7q0AAGj/AMr/DmjJ0X5935WLQWnHzmGP7A+fwB/3qRlg==</latexit><latexit sha1_base64="4LZ4lvIw+APN8QfIIesYHDYSWTY=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbSbt0s4m7m0KJ/R1ePCji1R/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hodua3xqg0j+WDmSToR3QgecgZNVbyn8i4d0m6isqBwF654lbdOcgq8XJSgRz1Xvmr249ZGqE0TFCtO56bGD+jynAmcFrqphoTykZ0gB1LJY1Q+9n86Ck5s0qfhLGyJQ2Zq78nMhppPYkC2xlRM9TL3kz8z+ukJrz2My6T1KBki0VhKoiJySwB0ucKmRETSyhT3N5K2JAqyozNqWRD8JZfXiXNi6rnVr37y0rtJo+jCCdwCufgwRXU4A7q0AAGj/AMr/DmjJ0X5935WLQWnHzmGP7A+fwB/3qRlg==</latexit><latexit sha1_base64="4LZ4lvIw+APN8QfIIesYHDYSWTY=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbSbt0s4m7m0KJ/R1ePCji1R/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hodua3xqg0j+WDmSToR3QgecgZNVbyn8i4d0m6isqBwF654lbdOcgq8XJSgRz1Xvmr249ZGqE0TFCtO56bGD+jynAmcFrqphoTykZ0gB1LJY1Q+9n86Ck5s0qfhLGyJQ2Zq78nMhppPYkC2xlRM9TL3kz8z+ukJrz2My6T1KBki0VhKoiJySwB0ucKmRETSyhT3N5K2JAqyozNqWRD8JZfXiXNi6rnVr37y0rtJo+jCCdwCufgwRXU4A7q0AAGj/AMr/DmjJ0X5935WLQWnHzmGP7A+fwB/3qRlg==</latexit>

|vni
<latexit sha1_base64="l8+UKznCW3fwMAnAWC5YwYzie30=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbSbt0s4m7m0KJ/R1ePCji1R/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hodua3xqg0j+WDmSToR3QgecgZNVbyn8i4J0lXUTkQ2CtX3Ko7B1klXk4qkKPeK391+zFLI5SGCap1x3MT42dUGc4ETkvdVGNC2YgOsGOppBFqP5sfPSVnVumTMFa2pCFz9fdERiOtJ1FgOyNqhnrZm4n/eZ3UhNd+xmWSGpRssShMBTExmSVA+lwhM2JiCWWK21sJG1JFmbE5lWwI3vLLq6R5UfXcqnd/Wand5HEU4QRO4Rw8uIIa3EEdGsDgEZ7hFd6csfPivDsfi9aCk88cwx84nz9ZQZHQ</latexit><latexit sha1_base64="l8+UKznCW3fwMAnAWC5YwYzie30=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbSbt0s4m7m0KJ/R1ePCji1R/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hodua3xqg0j+WDmSToR3QgecgZNVbyn8i4J0lXUTkQ2CtX3Ko7B1klXk4qkKPeK391+zFLI5SGCap1x3MT42dUGc4ETkvdVGNC2YgOsGOppBFqP5sfPSVnVumTMFa2pCFz9fdERiOtJ1FgOyNqhnrZm4n/eZ3UhNd+xmWSGpRssShMBTExmSVA+lwhM2JiCWWK21sJG1JFmbE5lWwI3vLLq6R5UfXcqnd/Wand5HEU4QRO4Rw8uIIa3EEdGsDgEZ7hFd6csfPivDsfi9aCk88cwx84nz9ZQZHQ</latexit><latexit sha1_base64="l8+UKznCW3fwMAnAWC5YwYzie30=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbSbt0s4m7m0KJ/R1ePCji1R/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hodua3xqg0j+WDmSToR3QgecgZNVbyn8i4J0lXUTkQ2CtX3Ko7B1klXk4qkKPeK391+zFLI5SGCap1x3MT42dUGc4ETkvdVGNC2YgOsGOppBFqP5sfPSVnVumTMFa2pCFz9fdERiOtJ1FgOyNqhnrZm4n/eZ3UhNd+xmWSGpRssShMBTExmSVA+lwhM2JiCWWK21sJG1JFmbE5lWwI3vLLq6R5UfXcqnd/Wand5HEU4QRO4Rw8uIIa3EEdGsDgEZ7hFd6csfPivDsfi9aCk88cwx84nz9ZQZHQ</latexit><latexit sha1_base64="l8+UKznCW3fwMAnAWC5YwYzie30=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbSbt0s4m7m0KJ/R1ePCji1R/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hodua3xqg0j+WDmSToR3QgecgZNVbyn8i4J0lXUTkQ2CtX3Ko7B1klXk4qkKPeK391+zFLI5SGCap1x3MT42dUGc4ETkvdVGNC2YgOsGOppBFqP5sfPSVnVumTMFa2pCFz9fdERiOtJ1FgOyNqhnrZm4n/eZ3UhNd+xmWSGpRssShMBTExmSVA+lwhM2JiCWWK21sJG1JFmbE5lWwI3vLLq6R5UfXcqnd/Wand5HEU4QRO4Rw8uIIa3EEdGsDgEZ7hFd6csfPivDsfi9aCk88cwx84nz9ZQZHQ</latexit>
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What if �1 = �2
<latexit sha1_base64="rK0tAcjdJD5NNLwizz8CnGLC4Is=">AAAB/3icbVDLSsNAFL3xWesrKrhxM1gEVyUpgm6EohuXFewD2hAmk0k7dDIJMxOhxC78FTcuFHHrb7jzb5y2QbT1wMDhnHO5d06Qcqa043xZS8srq2vrpY3y5tb2zq69t99SSSYJbZKEJ7ITYEU5E7Spmea0k0qK44DTdjC8nvjteyoVS8SdHqXUi3FfsIgRrI3k24eox006xL6LLn94zbcrTtWZAi0StyAVKNDw7c9emJAspkITjpXquk6qvRxLzQin43IvUzTFZIj7tGuowDFVXj69f4xOjBKiKJHmCY2m6u+JHMdKjeLAJGOsB2rem4j/ed1MRxdezkSaaSrIbFGUcaQTNCkDhUxSovnIEEwkM7ciMsASE20qK5sS3PkvL5JWreo6Vff2rFK/KuoowREcwym4cA51uIEGNIHAAzzBC7xaj9az9Wa9z6JLVjFzAH9gfXwD7i+Uvw==</latexit><latexit sha1_base64="rK0tAcjdJD5NNLwizz8CnGLC4Is=">AAAB/3icbVDLSsNAFL3xWesrKrhxM1gEVyUpgm6EohuXFewD2hAmk0k7dDIJMxOhxC78FTcuFHHrb7jzb5y2QbT1wMDhnHO5d06Qcqa043xZS8srq2vrpY3y5tb2zq69t99SSSYJbZKEJ7ITYEU5E7Spmea0k0qK44DTdjC8nvjteyoVS8SdHqXUi3FfsIgRrI3k24eox006xL6LLn94zbcrTtWZAi0StyAVKNDw7c9emJAspkITjpXquk6qvRxLzQin43IvUzTFZIj7tGuowDFVXj69f4xOjBKiKJHmCY2m6u+JHMdKjeLAJGOsB2rem4j/ed1MRxdezkSaaSrIbFGUcaQTNCkDhUxSovnIEEwkM7ciMsASE20qK5sS3PkvL5JWreo6Vff2rFK/KuoowREcwym4cA51uIEGNIHAAzzBC7xaj9az9Wa9z6JLVjFzAH9gfXwD7i+Uvw==</latexit><latexit sha1_base64="rK0tAcjdJD5NNLwizz8CnGLC4Is=">AAAB/3icbVDLSsNAFL3xWesrKrhxM1gEVyUpgm6EohuXFewD2hAmk0k7dDIJMxOhxC78FTcuFHHrb7jzb5y2QbT1wMDhnHO5d06Qcqa043xZS8srq2vrpY3y5tb2zq69t99SSSYJbZKEJ7ITYEU5E7Spmea0k0qK44DTdjC8nvjteyoVS8SdHqXUi3FfsIgRrI3k24eox006xL6LLn94zbcrTtWZAi0StyAVKNDw7c9emJAspkITjpXquk6qvRxLzQin43IvUzTFZIj7tGuowDFVXj69f4xOjBKiKJHmCY2m6u+JHMdKjeLAJGOsB2rem4j/ed1MRxdezkSaaSrIbFGUcaQTNCkDhUxSovnIEEwkM7ciMsASE20qK5sS3PkvL5JWreo6Vff2rFK/KuoowREcwym4cA51uIEGNIHAAzzBC7xaj9az9Wa9z6JLVjFzAH9gfXwD7i+Uvw==</latexit><latexit sha1_base64="rK0tAcjdJD5NNLwizz8CnGLC4Is=">AAAB/3icbVDLSsNAFL3xWesrKrhxM1gEVyUpgm6EohuXFewD2hAmk0k7dDIJMxOhxC78FTcuFHHrb7jzb5y2QbT1wMDhnHO5d06Qcqa043xZS8srq2vrpY3y5tb2zq69t99SSSYJbZKEJ7ITYEU5E7Spmea0k0qK44DTdjC8nvjteyoVS8SdHqXUi3FfsIgRrI3k24eox006xL6LLn94zbcrTtWZAi0StyAVKNDw7c9emJAspkITjpXquk6qvRxLzQin43IvUzTFZIj7tGuowDFVXj69f4xOjBKiKJHmCY2m6u+JHMdKjeLAJGOsB2rem4j/ed1MRxdezkSaaSrIbFGUcaQTNCkDhUxSovnIEEwkM7ciMsASE20qK5sS3PkvL5JWreo6Vff2rFK/KuoowREcwym4cA51uIEGNIHAAzzBC7xaj9az9Wa9z6JLVjFzAH9gfXwD7i+Uvw==</latexit>

?



Measurements
O

<latexit sha1_base64="UaeGPGlSTEcc6/SnXGnxtlHbwMU=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRizdbsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfj25nffkKleSwfzCRBP6JDyUPOqLFS475frrhVdw6ySrycVCBHvV/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJ66LquVWvcVmp3eRxFOEETuEcPLiCGtxBHZrAAOEZXuHNeXRenHfnY9FacPKZY/gD5/MHqBWM0w==</latexit><latexit sha1_base64="UaeGPGlSTEcc6/SnXGnxtlHbwMU=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRizdbsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfj25nffkKleSwfzCRBP6JDyUPOqLFS475frrhVdw6ySrycVCBHvV/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJ66LquVWvcVmp3eRxFOEETuEcPLiCGtxBHZrAAOEZXuHNeXRenHfnY9FacPKZY/gD5/MHqBWM0w==</latexit><latexit sha1_base64="UaeGPGlSTEcc6/SnXGnxtlHbwMU=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRizdbsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfj25nffkKleSwfzCRBP6JDyUPOqLFS475frrhVdw6ySrycVCBHvV/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJ66LquVWvcVmp3eRxFOEETuEcPLiCGtxBHZrAAOEZXuHNeXRenHfnY9FacPKZY/gD5/MHqBWM0w==</latexit><latexit sha1_base64="UaeGPGlSTEcc6/SnXGnxtlHbwMU=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRizdbsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfj25nffkKleSwfzCRBP6JDyUPOqLFS475frrhVdw6ySrycVCBHvV/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJ66LquVWvcVmp3eRxFOEETuEcPLiCGtxBHZrAAOEZXuHNeXRenHfnY9FacPKZY/gD5/MHqBWM0w==</latexit>

�1
<latexit sha1_base64="6d7HKAX/CPFJiYibEkWrfiM7QMc=">AAAB8HicbVDLSgMxFL2pr1pfVZdugkVwVWZE0GXRjcsK9iHtUDKZTBuaZIYkI5ShX+HGhSJu/Rx3/o1pOwttPRA4nHMuufeEqeDGet43Kq2tb2xulbcrO7t7+wfVw6O2STJNWYsmItHdkBgmuGIty61g3VQzIkPBOuH4duZ3npg2PFEPdpKyQJKh4jGnxDrpsS9cNCIDf1CteXVvDrxK/ILUoEBzUP3qRwnNJFOWCmJMz/dSG+REW04Fm1b6mWEpoWMyZD1HFZHMBPl84Sk+c0qE40S7pyyeq78nciKNmcjQJSWxI7PszcT/vF5m4+sg5yrNLFN08VGcCWwTPLseR1wzasXEEUI1d7tiOiKaUOs6qrgS/OWTV0n7ou57df/+sta4Keoowwmcwjn4cAUNuIMmtICChGd4hTek0Qt6Rx+LaAkVM8fwB+jzB2bPkCE=</latexit><latexit sha1_base64="6d7HKAX/CPFJiYibEkWrfiM7QMc=">AAAB8HicbVDLSgMxFL2pr1pfVZdugkVwVWZE0GXRjcsK9iHtUDKZTBuaZIYkI5ShX+HGhSJu/Rx3/o1pOwttPRA4nHMuufeEqeDGet43Kq2tb2xulbcrO7t7+wfVw6O2STJNWYsmItHdkBgmuGIty61g3VQzIkPBOuH4duZ3npg2PFEPdpKyQJKh4jGnxDrpsS9cNCIDf1CteXVvDrxK/ILUoEBzUP3qRwnNJFOWCmJMz/dSG+REW04Fm1b6mWEpoWMyZD1HFZHMBPl84Sk+c0qE40S7pyyeq78nciKNmcjQJSWxI7PszcT/vF5m4+sg5yrNLFN08VGcCWwTPLseR1wzasXEEUI1d7tiOiKaUOs6qrgS/OWTV0n7ou57df/+sta4Keoowwmcwjn4cAUNuIMmtICChGd4hTek0Qt6Rx+LaAkVM8fwB+jzB2bPkCE=</latexit><latexit sha1_base64="6d7HKAX/CPFJiYibEkWrfiM7QMc=">AAAB8HicbVDLSgMxFL2pr1pfVZdugkVwVWZE0GXRjcsK9iHtUDKZTBuaZIYkI5ShX+HGhSJu/Rx3/o1pOwttPRA4nHMuufeEqeDGet43Kq2tb2xulbcrO7t7+wfVw6O2STJNWYsmItHdkBgmuGIty61g3VQzIkPBOuH4duZ3npg2PFEPdpKyQJKh4jGnxDrpsS9cNCIDf1CteXVvDrxK/ILUoEBzUP3qRwnNJFOWCmJMz/dSG+REW04Fm1b6mWEpoWMyZD1HFZHMBPl84Sk+c0qE40S7pyyeq78nciKNmcjQJSWxI7PszcT/vF5m4+sg5yrNLFN08VGcCWwTPLseR1wzasXEEUI1d7tiOiKaUOs6qrgS/OWTV0n7ou57df/+sta4Keoowwmcwjn4cAUNuIMmtICChGd4hTek0Qt6Rx+LaAkVM8fwB+jzB2bPkCE=</latexit><latexit sha1_base64="6d7HKAX/CPFJiYibEkWrfiM7QMc=">AAAB8HicbVDLSgMxFL2pr1pfVZdugkVwVWZE0GXRjcsK9iHtUDKZTBuaZIYkI5ShX+HGhSJu/Rx3/o1pOwttPRA4nHMuufeEqeDGet43Kq2tb2xulbcrO7t7+wfVw6O2STJNWYsmItHdkBgmuGIty61g3VQzIkPBOuH4duZ3npg2PFEPdpKyQJKh4jGnxDrpsS9cNCIDf1CteXVvDrxK/ILUoEBzUP3qRwnNJFOWCmJMz/dSG+REW04Fm1b6mWEpoWMyZD1HFZHMBPl84Sk+c0qE40S7pyyeq78nciKNmcjQJSWxI7PszcT/vF5m4+sg5yrNLFN08VGcCWwTPLseR1wzasXEEUI1d7tiOiKaUOs6qrgS/OWTV0n7ou57df/+sta4Keoowwmcwjn4cAUNuIMmtICChGd4hTek0Qt6Rx+LaAkVM8fwB+jzB2bPkCE=</latexit>

�3
<latexit sha1_base64="on4i+UsgbtKhiQNY2dSGt/SdRkQ=">AAAB8HicbVDLSgMxFL1TX7W+qi7dBIvgqsyooMuiG5cVbK20Q8lkMm1oHkOSEcrQr3DjQhG3fo47/8a0nYW2HggczjmX3HuilDNjff/bK62srq1vlDcrW9s7u3vV/YO2UZkmtEUUV7oTYUM5k7RlmeW0k2qKRcTpQzS6mfoPT1QbpuS9Hac0FHggWcIItk567HEXjXH/vF+t+XV/BrRMgoLUoECzX/3qxYpkgkpLODamG/ipDXOsLSOcTiq9zNAUkxEe0K6jEgtqwny28ASdOCVGidLuSYtm6u+JHAtjxiJySYHt0Cx6U/E/r5vZ5CrMmUwzSyWZf5RkHFmFptejmGlKLB87golmbldEhlhjYl1HFVdCsHjyMmmf1QO/Htxd1BrXRR1lOIJjOIUALqEBt9CEFhAQ8Ayv8OZp78V79z7m0ZJXzBzCH3ifP2nXkCM=</latexit><latexit sha1_base64="on4i+UsgbtKhiQNY2dSGt/SdRkQ=">AAAB8HicbVDLSgMxFL1TX7W+qi7dBIvgqsyooMuiG5cVbK20Q8lkMm1oHkOSEcrQr3DjQhG3fo47/8a0nYW2HggczjmX3HuilDNjff/bK62srq1vlDcrW9s7u3vV/YO2UZkmtEUUV7oTYUM5k7RlmeW0k2qKRcTpQzS6mfoPT1QbpuS9Hac0FHggWcIItk567HEXjXH/vF+t+XV/BrRMgoLUoECzX/3qxYpkgkpLODamG/ipDXOsLSOcTiq9zNAUkxEe0K6jEgtqwny28ASdOCVGidLuSYtm6u+JHAtjxiJySYHt0Cx6U/E/r5vZ5CrMmUwzSyWZf5RkHFmFptejmGlKLB87golmbldEhlhjYl1HFVdCsHjyMmmf1QO/Htxd1BrXRR1lOIJjOIUALqEBt9CEFhAQ8Ayv8OZp78V79z7m0ZJXzBzCH3ifP2nXkCM=</latexit><latexit sha1_base64="on4i+UsgbtKhiQNY2dSGt/SdRkQ=">AAAB8HicbVDLSgMxFL1TX7W+qi7dBIvgqsyooMuiG5cVbK20Q8lkMm1oHkOSEcrQr3DjQhG3fo47/8a0nYW2HggczjmX3HuilDNjff/bK62srq1vlDcrW9s7u3vV/YO2UZkmtEUUV7oTYUM5k7RlmeW0k2qKRcTpQzS6mfoPT1QbpuS9Hac0FHggWcIItk567HEXjXH/vF+t+XV/BrRMgoLUoECzX/3qxYpkgkpLODamG/ipDXOsLSOcTiq9zNAUkxEe0K6jEgtqwny28ASdOCVGidLuSYtm6u+JHAtjxiJySYHt0Cx6U/E/r5vZ5CrMmUwzSyWZf5RkHFmFptejmGlKLB87golmbldEhlhjYl1HFVdCsHjyMmmf1QO/Htxd1BrXRR1lOIJjOIUALqEBt9CEFhAQ8Ayv8OZp78V79z7m0ZJXzBzCH3ifP2nXkCM=</latexit><latexit sha1_base64="on4i+UsgbtKhiQNY2dSGt/SdRkQ=">AAAB8HicbVDLSgMxFL1TX7W+qi7dBIvgqsyooMuiG5cVbK20Q8lkMm1oHkOSEcrQr3DjQhG3fo47/8a0nYW2HggczjmX3HuilDNjff/bK62srq1vlDcrW9s7u3vV/YO2UZkmtEUUV7oTYUM5k7RlmeW0k2qKRcTpQzS6mfoPT1QbpuS9Hac0FHggWcIItk567HEXjXH/vF+t+XV/BrRMgoLUoECzX/3qxYpkgkpLODamG/ipDXOsLSOcTiq9zNAUkxEe0K6jEgtqwny28ASdOCVGidLuSYtm6u+JHAtjxiJySYHt0Cx6U/E/r5vZ5CrMmUwzSyWZf5RkHFmFptejmGlKLB87golmbldEhlhjYl1HFVdCsHjyMmmf1QO/Htxd1BrXRR1lOIJjOIUALqEBt9CEFhAQ8Ayv8OZp78V79z7m0ZJXzBzCH3ifP2nXkCM=</latexit>

�4
<latexit sha1_base64="CxaEDwLe9sQffKwIPLabfM+1CIQ=">AAAB8HicbVDLSgMxFL2pr1pfVZdugkVwVWZE0GXRjcsK9iHtUDKZTBuaZIYkI5ShX+HGhSJu/Rx3/o1pOwttPRA4nHMuufeEqeDGet43Kq2tb2xulbcrO7t7+wfVw6O2STJNWYsmItHdkBgmuGIty61g3VQzIkPBOuH4duZ3npg2PFEPdpKyQJKh4jGnxDrpsS9cNCKDy0G15tW9OfAq8QtSgwLNQfWrHyU0k0xZKogxPd9LbZATbTkVbFrpZ4alhI7JkPUcVUQyE+Tzhaf4zCkRjhPtnrJ4rv6eyIk0ZiJDl5TEjsyyNxP/83qZja+DnKs0s0zRxUdxJrBN8Ox6HHHNqBUTRwjV3O2K6YhoQq3rqOJK8JdPXiXti7rv1f37y1rjpqijDCdwCufgwxU04A6a0AIKEp7hFd6QRi/oHX0soiVUzBzDH6DPH2tbkCQ=</latexit><latexit sha1_base64="CxaEDwLe9sQffKwIPLabfM+1CIQ=">AAAB8HicbVDLSgMxFL2pr1pfVZdugkVwVWZE0GXRjcsK9iHtUDKZTBuaZIYkI5ShX+HGhSJu/Rx3/o1pOwttPRA4nHMuufeEqeDGet43Kq2tb2xulbcrO7t7+wfVw6O2STJNWYsmItHdkBgmuGIty61g3VQzIkPBOuH4duZ3npg2PFEPdpKyQJKh4jGnxDrpsS9cNCKDy0G15tW9OfAq8QtSgwLNQfWrHyU0k0xZKogxPd9LbZATbTkVbFrpZ4alhI7JkPUcVUQyE+Tzhaf4zCkRjhPtnrJ4rv6eyIk0ZiJDl5TEjsyyNxP/83qZja+DnKs0s0zRxUdxJrBN8Ox6HHHNqBUTRwjV3O2K6YhoQq3rqOJK8JdPXiXti7rv1f37y1rjpqijDCdwCufgwxU04A6a0AIKEp7hFd6QRi/oHX0soiVUzBzDH6DPH2tbkCQ=</latexit><latexit sha1_base64="CxaEDwLe9sQffKwIPLabfM+1CIQ=">AAAB8HicbVDLSgMxFL2pr1pfVZdugkVwVWZE0GXRjcsK9iHtUDKZTBuaZIYkI5ShX+HGhSJu/Rx3/o1pOwttPRA4nHMuufeEqeDGet43Kq2tb2xulbcrO7t7+wfVw6O2STJNWYsmItHdkBgmuGIty61g3VQzIkPBOuH4duZ3npg2PFEPdpKyQJKh4jGnxDrpsS9cNCKDy0G15tW9OfAq8QtSgwLNQfWrHyU0k0xZKogxPd9LbZATbTkVbFrpZ4alhI7JkPUcVUQyE+Tzhaf4zCkRjhPtnrJ4rv6eyIk0ZiJDl5TEjsyyNxP/83qZja+DnKs0s0zRxUdxJrBN8Ox6HHHNqBUTRwjV3O2K6YhoQq3rqOJK8JdPXiXti7rv1f37y1rjpqijDCdwCufgwxU04A6a0AIKEp7hFd6QRi/oHX0soiVUzBzDH6DPH2tbkCQ=</latexit><latexit sha1_base64="CxaEDwLe9sQffKwIPLabfM+1CIQ=">AAAB8HicbVDLSgMxFL2pr1pfVZdugkVwVWZE0GXRjcsK9iHtUDKZTBuaZIYkI5ShX+HGhSJu/Rx3/o1pOwttPRA4nHMuufeEqeDGet43Kq2tb2xulbcrO7t7+wfVw6O2STJNWYsmItHdkBgmuGIty61g3VQzIkPBOuH4duZ3npg2PFEPdpKyQJKh4jGnxDrpsS9cNCKDy0G15tW9OfAq8QtSgwLNQfWrHyU0k0xZKogxPd9LbZATbTkVbFrpZ4alhI7JkPUcVUQyE+Tzhaf4zCkRjhPtnrJ4rv6eyIk0ZiJDl5TEjsyyNxP/83qZja+DnKs0s0zRxUdxJrBN8Ox6HHHNqBUTRwjV3O2K6YhoQq3rqOJK8JdPXiXti7rv1f37y1rjpqijDCdwCufgwxU04A6a0AIKEp7hFd6QRi/oHX0soiVUzBzDH6DPH2tbkCQ=</latexit>

...
<latexit sha1_base64="ocgiAjpDjkxJr5kPWC1BB+yVGnk=">AAAB7XicbVBNS8NAEJ34WetX1aOXYBE8lUQEPRa9eKxgP6ANZbPZtGs3u2F3Uiih/8GLB0W8+n+8+W/ctjlo64OBx3szzMwLU8ENet63s7a+sbm1Xdop7+7tHxxWjo5bRmWasiZVQulOSAwTXLImchSsk2pGklCwdji6m/ntMdOGK/mIk5QFCRlIHnNK0Eqt3jhSaPqVqlfz5nBXiV+QKhRo9CtfvUjRLGESqSDGdH0vxSAnGjkVbFruZYalhI7IgHUtlSRhJsjn107dc6tEbqy0LYnuXP09kZPEmEkS2s6E4NAsezPxP6+bYXwT5FymGTJJF4viTLio3NnrbsQ1oygmlhCqub3VpUOiCUUbUNmG4C+/vEpalzXfq/kPV9X6bRFHCU7hDC7Ah2uowz00oAkUnuAZXuHNUc6L8+58LFrXnGLmBP7A+fwBy2+PQg==</latexit><latexit sha1_base64="ocgiAjpDjkxJr5kPWC1BB+yVGnk=">AAAB7XicbVBNS8NAEJ34WetX1aOXYBE8lUQEPRa9eKxgP6ANZbPZtGs3u2F3Uiih/8GLB0W8+n+8+W/ctjlo64OBx3szzMwLU8ENet63s7a+sbm1Xdop7+7tHxxWjo5bRmWasiZVQulOSAwTXLImchSsk2pGklCwdji6m/ntMdOGK/mIk5QFCRlIHnNK0Eqt3jhSaPqVqlfz5nBXiV+QKhRo9CtfvUjRLGESqSDGdH0vxSAnGjkVbFruZYalhI7IgHUtlSRhJsjn107dc6tEbqy0LYnuXP09kZPEmEkS2s6E4NAsezPxP6+bYXwT5FymGTJJF4viTLio3NnrbsQ1oygmlhCqub3VpUOiCUUbUNmG4C+/vEpalzXfq/kPV9X6bRFHCU7hDC7Ah2uowz00oAkUnuAZXuHNUc6L8+58LFrXnGLmBP7A+fwBy2+PQg==</latexit><latexit sha1_base64="ocgiAjpDjkxJr5kPWC1BB+yVGnk=">AAAB7XicbVBNS8NAEJ34WetX1aOXYBE8lUQEPRa9eKxgP6ANZbPZtGs3u2F3Uiih/8GLB0W8+n+8+W/ctjlo64OBx3szzMwLU8ENet63s7a+sbm1Xdop7+7tHxxWjo5bRmWasiZVQulOSAwTXLImchSsk2pGklCwdji6m/ntMdOGK/mIk5QFCRlIHnNK0Eqt3jhSaPqVqlfz5nBXiV+QKhRo9CtfvUjRLGESqSDGdH0vxSAnGjkVbFruZYalhI7IgHUtlSRhJsjn107dc6tEbqy0LYnuXP09kZPEmEkS2s6E4NAsezPxP6+bYXwT5FymGTJJF4viTLio3NnrbsQ1oygmlhCqub3VpUOiCUUbUNmG4C+/vEpalzXfq/kPV9X6bRFHCU7hDC7Ah2uowz00oAkUnuAZXuHNUc6L8+58LFrXnGLmBP7A+fwBy2+PQg==</latexit><latexit sha1_base64="ocgiAjpDjkxJr5kPWC1BB+yVGnk=">AAAB7XicbVBNS8NAEJ34WetX1aOXYBE8lUQEPRa9eKxgP6ANZbPZtGs3u2F3Uiih/8GLB0W8+n+8+W/ctjlo64OBx3szzMwLU8ENet63s7a+sbm1Xdop7+7tHxxWjo5bRmWasiZVQulOSAwTXLImchSsk2pGklCwdji6m/ntMdOGK/mIk5QFCRlIHnNK0Eqt3jhSaPqVqlfz5nBXiV+QKhRo9CtfvUjRLGESqSDGdH0vxSAnGjkVbFruZYalhI7IgHUtlSRhJsjn107dc6tEbqy0LYnuXP09kZPEmEkS2s6E4NAsezPxP6+bYXwT5FymGTJJF4viTLio3NnrbsQ1oygmlhCqub3VpUOiCUUbUNmG4C+/vEpalzXfq/kPV9X6bRFHCU7hDC7Ah2uowz00oAkUnuAZXuHNUc6L8+58LFrXnGLmBP7A+fwBy2+PQg==</latexit>

�n
<latexit sha1_base64="ZKF4KSNvZ9RtOOwj2gJZX58ARx4=">AAAB8HicbVDLSgMxFL2pr1pfVZdugkVwVWZE0GXRjcsK9iHtUDKZTBuaZIYkI5ShX+HGhSJu/Rx3/o1pOwttPRA4nHMuufeEqeDGet43Kq2tb2xulbcrO7t7+wfVw6O2STJNWYsmItHdkBgmuGIty61g3VQzIkPBOuH4duZ3npg2PFEPdpKyQJKh4jGnxDrpsS9cNCIDNajWvLo3B14lfkFqUKA5qH71o4RmkilLBTGm53upDXKiLaeCTSv9zLCU0DEZsp6jikhmgny+8BSfOSXCcaLdUxbP1d8TOZHGTGTokpLYkVn2ZuJ/Xi+z8XWQc5Vmlim6+CjOBLYJnl2PI64ZtWLiCKGau10xHRFNqHUdVVwJ/vLJq6R9Ufe9un9/WWvcFHWU4QRO4Rx8uIIG3EETWkBBwjO8whvS6AW9o49FtISKmWP4A/T5A8NDkF4=</latexit><latexit sha1_base64="ZKF4KSNvZ9RtOOwj2gJZX58ARx4=">AAAB8HicbVDLSgMxFL2pr1pfVZdugkVwVWZE0GXRjcsK9iHtUDKZTBuaZIYkI5ShX+HGhSJu/Rx3/o1pOwttPRA4nHMuufeEqeDGet43Kq2tb2xulbcrO7t7+wfVw6O2STJNWYsmItHdkBgmuGIty61g3VQzIkPBOuH4duZ3npg2PFEPdpKyQJKh4jGnxDrpsS9cNCIDNajWvLo3B14lfkFqUKA5qH71o4RmkilLBTGm53upDXKiLaeCTSv9zLCU0DEZsp6jikhmgny+8BSfOSXCcaLdUxbP1d8TOZHGTGTokpLYkVn2ZuJ/Xi+z8XWQc5Vmlim6+CjOBLYJnl2PI64ZtWLiCKGau10xHRFNqHUdVVwJ/vLJq6R9Ufe9un9/WWvcFHWU4QRO4Rx8uIIG3EETWkBBwjO8whvS6AW9o49FtISKmWP4A/T5A8NDkF4=</latexit><latexit sha1_base64="ZKF4KSNvZ9RtOOwj2gJZX58ARx4=">AAAB8HicbVDLSgMxFL2pr1pfVZdugkVwVWZE0GXRjcsK9iHtUDKZTBuaZIYkI5ShX+HGhSJu/Rx3/o1pOwttPRA4nHMuufeEqeDGet43Kq2tb2xulbcrO7t7+wfVw6O2STJNWYsmItHdkBgmuGIty61g3VQzIkPBOuH4duZ3npg2PFEPdpKyQJKh4jGnxDrpsS9cNCIDNajWvLo3B14lfkFqUKA5qH71o4RmkilLBTGm53upDXKiLaeCTSv9zLCU0DEZsp6jikhmgny+8BSfOSXCcaLdUxbP1d8TOZHGTGTokpLYkVn2ZuJ/Xi+z8XWQc5Vmlim6+CjOBLYJnl2PI64ZtWLiCKGau10xHRFNqHUdVVwJ/vLJq6R9Ufe9un9/WWvcFHWU4QRO4Rx8uIIG3EETWkBBwjO8whvS6AW9o49FtISKmWP4A/T5A8NDkF4=</latexit><latexit sha1_base64="ZKF4KSNvZ9RtOOwj2gJZX58ARx4=">AAAB8HicbVDLSgMxFL2pr1pfVZdugkVwVWZE0GXRjcsK9iHtUDKZTBuaZIYkI5ShX+HGhSJu/Rx3/o1pOwttPRA4nHMuufeEqeDGet43Kq2tb2xulbcrO7t7+wfVw6O2STJNWYsmItHdkBgmuGIty61g3VQzIkPBOuH4duZ3npg2PFEPdpKyQJKh4jGnxDrpsS9cNCIDNajWvLo3B14lfkFqUKA5qH71o4RmkilLBTGm53upDXKiLaeCTSv9zLCU0DEZsp6jikhmgny+8BSfOSXCcaLdUxbP1d8TOZHGTGTokpLYkVn2ZuJ/Xi+z8XWQc5Vmlim6+CjOBLYJnl2PI64ZtWLiCKGau10xHRFNqHUdVVwJ/vLJq6R9Ufe9un9/WWvcFHWU4QRO4Rx8uIIG3EETWkBBwjO8whvS6AW9o49FtISKmWP4A/T5A8NDkF4=</latexit>

|v3i
<latexit sha1_base64="yhznEu2oYoLpjYQhcy1wZ2Aw8Sw=">AAAB9HicbVBNS8NAEJ34WetX1aOXxSJ4KokKeix68VjBfkAbymY7aZduNnF3Uyixv8OLB0W8+mO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dJwqhnUWi1i1AqpRcIl1w43AVqKQRoHAZjC8nfrNESrNY/lgxgn6Ee1LHnJGjZX8JzLqXpCOorIvsFsquxV3BrJMvJyUIUetW/rq9GKWRigNE1Trtucmxs+oMpwJnBQ7qcaEsiHtY9tSSSPUfjY7ekJOrdIjYaxsSUNm6u+JjEZaj6PAdkbUDPSiNxX/89qpCa/9jMskNSjZfFGYCmJiMk2A9LhCZsTYEsoUt7cSNqCKMmNzKtoQvMWXl0njvOK5Fe/+sly9yeMowDGcwBl4cAVVuIMa1IHBIzzDK7w5I+fFeXc+5q0rTj5zBH/gfP4A/e6RlQ==</latexit><latexit sha1_base64="yhznEu2oYoLpjYQhcy1wZ2Aw8Sw=">AAAB9HicbVBNS8NAEJ34WetX1aOXxSJ4KokKeix68VjBfkAbymY7aZduNnF3Uyixv8OLB0W8+mO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dJwqhnUWi1i1AqpRcIl1w43AVqKQRoHAZjC8nfrNESrNY/lgxgn6Ee1LHnJGjZX8JzLqXpCOorIvsFsquxV3BrJMvJyUIUetW/rq9GKWRigNE1Trtucmxs+oMpwJnBQ7qcaEsiHtY9tSSSPUfjY7ekJOrdIjYaxsSUNm6u+JjEZaj6PAdkbUDPSiNxX/89qpCa/9jMskNSjZfFGYCmJiMk2A9LhCZsTYEsoUt7cSNqCKMmNzKtoQvMWXl0njvOK5Fe/+sly9yeMowDGcwBl4cAVVuIMa1IHBIzzDK7w5I+fFeXc+5q0rTj5zBH/gfP4A/e6RlQ==</latexit><latexit sha1_base64="yhznEu2oYoLpjYQhcy1wZ2Aw8Sw=">AAAB9HicbVBNS8NAEJ34WetX1aOXxSJ4KokKeix68VjBfkAbymY7aZduNnF3Uyixv8OLB0W8+mO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dJwqhnUWi1i1AqpRcIl1w43AVqKQRoHAZjC8nfrNESrNY/lgxgn6Ee1LHnJGjZX8JzLqXpCOorIvsFsquxV3BrJMvJyUIUetW/rq9GKWRigNE1Trtucmxs+oMpwJnBQ7qcaEsiHtY9tSSSPUfjY7ekJOrdIjYaxsSUNm6u+JjEZaj6PAdkbUDPSiNxX/89qpCa/9jMskNSjZfFGYCmJiMk2A9LhCZsTYEsoUt7cSNqCKMmNzKtoQvMWXl0njvOK5Fe/+sly9yeMowDGcwBl4cAVVuIMa1IHBIzzDK7w5I+fFeXc+5q0rTj5zBH/gfP4A/e6RlQ==</latexit><latexit sha1_base64="yhznEu2oYoLpjYQhcy1wZ2Aw8Sw=">AAAB9HicbVBNS8NAEJ34WetX1aOXxSJ4KokKeix68VjBfkAbymY7aZduNnF3Uyixv8OLB0W8+mO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dJwqhnUWi1i1AqpRcIl1w43AVqKQRoHAZjC8nfrNESrNY/lgxgn6Ee1LHnJGjZX8JzLqXpCOorIvsFsquxV3BrJMvJyUIUetW/rq9GKWRigNE1Trtucmxs+oMpwJnBQ7qcaEsiHtY9tSSSPUfjY7ekJOrdIjYaxsSUNm6u+JjEZaj6PAdkbUDPSiNxX/89qpCa/9jMskNSjZfFGYCmJiMk2A9LhCZsTYEsoUt7cSNqCKMmNzKtoQvMWXl0njvOK5Fe/+sly9yeMowDGcwBl4cAVVuIMa1IHBIzzDK7w5I+fFeXc+5q0rTj5zBH/gfP4A/e6RlQ==</latexit>

|v4i
<latexit sha1_base64="4LZ4lvIw+APN8QfIIesYHDYSWTY=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbSbt0s4m7m0KJ/R1ePCji1R/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hodua3xqg0j+WDmSToR3QgecgZNVbyn8i4d0m6isqBwF654lbdOcgq8XJSgRz1Xvmr249ZGqE0TFCtO56bGD+jynAmcFrqphoTykZ0gB1LJY1Q+9n86Ck5s0qfhLGyJQ2Zq78nMhppPYkC2xlRM9TL3kz8z+ukJrz2My6T1KBki0VhKoiJySwB0ucKmRETSyhT3N5K2JAqyozNqWRD8JZfXiXNi6rnVr37y0rtJo+jCCdwCufgwRXU4A7q0AAGj/AMr/DmjJ0X5935WLQWnHzmGP7A+fwB/3qRlg==</latexit><latexit sha1_base64="4LZ4lvIw+APN8QfIIesYHDYSWTY=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbSbt0s4m7m0KJ/R1ePCji1R/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hodua3xqg0j+WDmSToR3QgecgZNVbyn8i4d0m6isqBwF654lbdOcgq8XJSgRz1Xvmr249ZGqE0TFCtO56bGD+jynAmcFrqphoTykZ0gB1LJY1Q+9n86Ck5s0qfhLGyJQ2Zq78nMhppPYkC2xlRM9TL3kz8z+ukJrz2My6T1KBki0VhKoiJySwB0ucKmRETSyhT3N5K2JAqyozNqWRD8JZfXiXNi6rnVr37y0rtJo+jCCdwCufgwRXU4A7q0AAGj/AMr/DmjJ0X5935WLQWnHzmGP7A+fwB/3qRlg==</latexit><latexit sha1_base64="4LZ4lvIw+APN8QfIIesYHDYSWTY=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbSbt0s4m7m0KJ/R1ePCji1R/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hodua3xqg0j+WDmSToR3QgecgZNVbyn8i4d0m6isqBwF654lbdOcgq8XJSgRz1Xvmr249ZGqE0TFCtO56bGD+jynAmcFrqphoTykZ0gB1LJY1Q+9n86Ck5s0qfhLGyJQ2Zq78nMhppPYkC2xlRM9TL3kz8z+ukJrz2My6T1KBki0VhKoiJySwB0ucKmRETSyhT3N5K2JAqyozNqWRD8JZfXiXNi6rnVr37y0rtJo+jCCdwCufgwRXU4A7q0AAGj/AMr/DmjJ0X5935WLQWnHzmGP7A+fwB/3qRlg==</latexit><latexit sha1_base64="4LZ4lvIw+APN8QfIIesYHDYSWTY=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbSbt0s4m7m0KJ/R1ePCji1R/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hodua3xqg0j+WDmSToR3QgecgZNVbyn8i4d0m6isqBwF654lbdOcgq8XJSgRz1Xvmr249ZGqE0TFCtO56bGD+jynAmcFrqphoTykZ0gB1LJY1Q+9n86Ck5s0qfhLGyJQ2Zq78nMhppPYkC2xlRM9TL3kz8z+ukJrz2My6T1KBki0VhKoiJySwB0ucKmRETSyhT3N5K2JAqyozNqWRD8JZfXiXNi6rnVr37y0rtJo+jCCdwCufgwRXU4A7q0AAGj/AMr/DmjJ0X5935WLQWnHzmGP7A+fwB/3qRlg==</latexit>

|vni
<latexit sha1_base64="l8+UKznCW3fwMAnAWC5YwYzie30=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbSbt0s4m7m0KJ/R1ePCji1R/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hodua3xqg0j+WDmSToR3QgecgZNVbyn8i4J0lXUTkQ2CtX3Ko7B1klXk4qkKPeK391+zFLI5SGCap1x3MT42dUGc4ETkvdVGNC2YgOsGOppBFqP5sfPSVnVumTMFa2pCFz9fdERiOtJ1FgOyNqhnrZm4n/eZ3UhNd+xmWSGpRssShMBTExmSVA+lwhM2JiCWWK21sJG1JFmbE5lWwI3vLLq6R5UfXcqnd/Wand5HEU4QRO4Rw8uIIa3EEdGsDgEZ7hFd6csfPivDsfi9aCk88cwx84nz9ZQZHQ</latexit><latexit sha1_base64="l8+UKznCW3fwMAnAWC5YwYzie30=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbSbt0s4m7m0KJ/R1ePCji1R/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hodua3xqg0j+WDmSToR3QgecgZNVbyn8i4J0lXUTkQ2CtX3Ko7B1klXk4qkKPeK391+zFLI5SGCap1x3MT42dUGc4ETkvdVGNC2YgOsGOppBFqP5sfPSVnVumTMFa2pCFz9fdERiOtJ1FgOyNqhnrZm4n/eZ3UhNd+xmWSGpRssShMBTExmSVA+lwhM2JiCWWK21sJG1JFmbE5lWwI3vLLq6R5UfXcqnd/Wand5HEU4QRO4Rw8uIIa3EEdGsDgEZ7hFd6csfPivDsfi9aCk88cwx84nz9ZQZHQ</latexit><latexit sha1_base64="l8+UKznCW3fwMAnAWC5YwYzie30=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbSbt0s4m7m0KJ/R1ePCji1R/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hodua3xqg0j+WDmSToR3QgecgZNVbyn8i4J0lXUTkQ2CtX3Ko7B1klXk4qkKPeK391+zFLI5SGCap1x3MT42dUGc4ETkvdVGNC2YgOsGOppBFqP5sfPSVnVumTMFa2pCFz9fdERiOtJ1FgOyNqhnrZm4n/eZ3UhNd+xmWSGpRssShMBTExmSVA+lwhM2JiCWWK21sJG1JFmbE5lWwI3vLLq6R5UfXcqnd/Wand5HEU4QRO4Rw8uIIa3EEdGsDgEZ7hFd6csfPivDsfi9aCk88cwx84nz9ZQZHQ</latexit><latexit sha1_base64="l8+UKznCW3fwMAnAWC5YwYzie30=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbSbt0s4m7m0KJ/R1ePCji1R/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hodua3xqg0j+WDmSToR3QgecgZNVbyn8i4J0lXUTkQ2CtX3Ko7B1klXk4qkKPeK391+zFLI5SGCap1x3MT42dUGc4ETkvdVGNC2YgOsGOppBFqP5sfPSVnVumTMFa2pCFz9fdERiOtJ1FgOyNqhnrZm4n/eZ3UhNd+xmWSGpRssShMBTExmSVA+lwhM2JiCWWK21sJG1JFmbE5lWwI3vLLq6R5UfXcqnd/Wand5HEU4QRO4Rw8uIIa3EEdGsDgEZ7hFd6csfPivDsfi9aCk88cwx84nz9ZQZHQ</latexit>
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What if �1 = �2
<latexit sha1_base64="rK0tAcjdJD5NNLwizz8CnGLC4Is=">AAAB/3icbVDLSsNAFL3xWesrKrhxM1gEVyUpgm6EohuXFewD2hAmk0k7dDIJMxOhxC78FTcuFHHrb7jzb5y2QbT1wMDhnHO5d06Qcqa043xZS8srq2vrpY3y5tb2zq69t99SSSYJbZKEJ7ITYEU5E7Spmea0k0qK44DTdjC8nvjteyoVS8SdHqXUi3FfsIgRrI3k24eox006xL6LLn94zbcrTtWZAi0StyAVKNDw7c9emJAspkITjpXquk6qvRxLzQin43IvUzTFZIj7tGuowDFVXj69f4xOjBKiKJHmCY2m6u+JHMdKjeLAJGOsB2rem4j/ed1MRxdezkSaaSrIbFGUcaQTNCkDhUxSovnIEEwkM7ciMsASE20qK5sS3PkvL5JWreo6Vff2rFK/KuoowREcwym4cA51uIEGNIHAAzzBC7xaj9az9Wa9z6JLVjFzAH9gfXwD7i+Uvw==</latexit><latexit sha1_base64="rK0tAcjdJD5NNLwizz8CnGLC4Is=">AAAB/3icbVDLSsNAFL3xWesrKrhxM1gEVyUpgm6EohuXFewD2hAmk0k7dDIJMxOhxC78FTcuFHHrb7jzb5y2QbT1wMDhnHO5d06Qcqa043xZS8srq2vrpY3y5tb2zq69t99SSSYJbZKEJ7ITYEU5E7Spmea0k0qK44DTdjC8nvjteyoVS8SdHqXUi3FfsIgRrI3k24eox006xL6LLn94zbcrTtWZAi0StyAVKNDw7c9emJAspkITjpXquk6qvRxLzQin43IvUzTFZIj7tGuowDFVXj69f4xOjBKiKJHmCY2m6u+JHMdKjeLAJGOsB2rem4j/ed1MRxdezkSaaSrIbFGUcaQTNCkDhUxSovnIEEwkM7ciMsASE20qK5sS3PkvL5JWreo6Vff2rFK/KuoowREcwym4cA51uIEGNIHAAzzBC7xaj9az9Wa9z6JLVjFzAH9gfXwD7i+Uvw==</latexit><latexit sha1_base64="rK0tAcjdJD5NNLwizz8CnGLC4Is=">AAAB/3icbVDLSsNAFL3xWesrKrhxM1gEVyUpgm6EohuXFewD2hAmk0k7dDIJMxOhxC78FTcuFHHrb7jzb5y2QbT1wMDhnHO5d06Qcqa043xZS8srq2vrpY3y5tb2zq69t99SSSYJbZKEJ7ITYEU5E7Spmea0k0qK44DTdjC8nvjteyoVS8SdHqXUi3FfsIgRrI3k24eox006xL6LLn94zbcrTtWZAi0StyAVKNDw7c9emJAspkITjpXquk6qvRxLzQin43IvUzTFZIj7tGuowDFVXj69f4xOjBKiKJHmCY2m6u+JHMdKjeLAJGOsB2rem4j/ed1MRxdezkSaaSrIbFGUcaQTNCkDhUxSovnIEEwkM7ciMsASE20qK5sS3PkvL5JWreo6Vff2rFK/KuoowREcwym4cA51uIEGNIHAAzzBC7xaj9az9Wa9z6JLVjFzAH9gfXwD7i+Uvw==</latexit><latexit sha1_base64="rK0tAcjdJD5NNLwizz8CnGLC4Is=">AAAB/3icbVDLSsNAFL3xWesrKrhxM1gEVyUpgm6EohuXFewD2hAmk0k7dDIJMxOhxC78FTcuFHHrb7jzb5y2QbT1wMDhnHO5d06Qcqa043xZS8srq2vrpY3y5tb2zq69t99SSSYJbZKEJ7ITYEU5E7Spmea0k0qK44DTdjC8nvjteyoVS8SdHqXUi3FfsIgRrI3k24eox006xL6LLn94zbcrTtWZAi0StyAVKNDw7c9emJAspkITjpXquk6qvRxLzQin43IvUzTFZIj7tGuowDFVXj69f4xOjBKiKJHmCY2m6u+JHMdKjeLAJGOsB2rem4j/ed1MRxdezkSaaSrIbFGUcaQTNCkDhUxSovnIEEwkM7ciMsASE20qK5sS3PkvL5JWreo6Vff2rFK/KuoowREcwym4cA51uIEGNIHAAzzBC7xaj9az9Wa9z6JLVjFzAH9gfXwD7i+Uvw==</latexit>

?

span(|v1i, |v2i)
<latexit sha1_base64="pFn8fkFO/mDAIxb4b5NLNLb6kXM=">AAACCXicbVDLSgMxFL1TX7W+Rl26CRahgpSZIuiy6MZlBfuAdhgyadqGZjJDkimUsVs3/oobF4q49Q/c+Tem7QjaeiBw7jn3cnNPEHOmtON8WbmV1bX1jfxmYWt7Z3fP3j9oqCiRhNZJxCPZCrCinAla10xz2oolxWHAaTMYXk/95ohKxSJxp8cx9ULcF6zHCNZG8m2kYixK9yPfRR2JRZ/TM2Sqyk916ttFp+zMgJaJm5EiZKj59menG5EkpEITjpVqu06svRRLzQink0InUTTGZIj7tG2owCFVXjq7ZIJOjNJFvUiaJzSaqb8nUhwqNQ4D0xliPVCL3lT8z2snunfppUzEiaaCzBf1Eo50hKaxoC6TlGg+NgQTycxfERlgiYk24RVMCO7iycukUSm7Ttm9PS9Wr7I48nAEx1ACFy6gCjdQgzoQeIAneIFX69F6tt6s93lrzspmDuEPrI9v4pqZKQ==</latexit><latexit sha1_base64="pFn8fkFO/mDAIxb4b5NLNLb6kXM=">AAACCXicbVDLSgMxFL1TX7W+Rl26CRahgpSZIuiy6MZlBfuAdhgyadqGZjJDkimUsVs3/oobF4q49Q/c+Tem7QjaeiBw7jn3cnNPEHOmtON8WbmV1bX1jfxmYWt7Z3fP3j9oqCiRhNZJxCPZCrCinAla10xz2oolxWHAaTMYXk/95ohKxSJxp8cx9ULcF6zHCNZG8m2kYixK9yPfRR2JRZ/TM2Sqyk916ttFp+zMgJaJm5EiZKj59menG5EkpEITjpVqu06svRRLzQink0InUTTGZIj7tG2owCFVXjq7ZIJOjNJFvUiaJzSaqb8nUhwqNQ4D0xliPVCL3lT8z2snunfppUzEiaaCzBf1Eo50hKaxoC6TlGg+NgQTycxfERlgiYk24RVMCO7iycukUSm7Ttm9PS9Wr7I48nAEx1ACFy6gCjdQgzoQeIAneIFX69F6tt6s93lrzspmDuEPrI9v4pqZKQ==</latexit><latexit sha1_base64="pFn8fkFO/mDAIxb4b5NLNLb6kXM=">AAACCXicbVDLSgMxFL1TX7W+Rl26CRahgpSZIuiy6MZlBfuAdhgyadqGZjJDkimUsVs3/oobF4q49Q/c+Tem7QjaeiBw7jn3cnNPEHOmtON8WbmV1bX1jfxmYWt7Z3fP3j9oqCiRhNZJxCPZCrCinAla10xz2oolxWHAaTMYXk/95ohKxSJxp8cx9ULcF6zHCNZG8m2kYixK9yPfRR2JRZ/TM2Sqyk916ttFp+zMgJaJm5EiZKj59menG5EkpEITjpVqu06svRRLzQink0InUTTGZIj7tG2owCFVXjq7ZIJOjNJFvUiaJzSaqb8nUhwqNQ4D0xliPVCL3lT8z2snunfppUzEiaaCzBf1Eo50hKaxoC6TlGg+NgQTycxfERlgiYk24RVMCO7iycukUSm7Ttm9PS9Wr7I48nAEx1ACFy6gCjdQgzoQeIAneIFX69F6tt6s93lrzspmDuEPrI9v4pqZKQ==</latexit><latexit sha1_base64="pFn8fkFO/mDAIxb4b5NLNLb6kXM=">AAACCXicbVDLSgMxFL1TX7W+Rl26CRahgpSZIuiy6MZlBfuAdhgyadqGZjJDkimUsVs3/oobF4q49Q/c+Tem7QjaeiBw7jn3cnNPEHOmtON8WbmV1bX1jfxmYWt7Z3fP3j9oqCiRhNZJxCPZCrCinAla10xz2oolxWHAaTMYXk/95ohKxSJxp8cx9ULcF6zHCNZG8m2kYixK9yPfRR2JRZ/TM2Sqyk916ttFp+zMgJaJm5EiZKj59menG5EkpEITjpVqu06svRRLzQink0InUTTGZIj7tG2owCFVXjq7ZIJOjNJFvUiaJzSaqb8nUhwqNQ4D0xliPVCL3lT8z2snunfppUzEiaaCzBf1Eo50hKaxoC6TlGg+NgQTycxfERlgiYk24RVMCO7iycukUSm7Ttm9PS9Wr7I48nAEx1ACFy6gCjdQgzoQeIAneIFX69F6tt6s93lrzspmDuEPrI9v4pqZKQ==</latexit>



Measurements

A 2-qubit example
Consider the 4-dimensional space

|00i
<latexit sha1_base64="wCIsj0EOx5gWAk5QrluxTBQsIyM=">AAAB8nicbVBNSwMxEJ2tX7V+VT16CRbBU8mKoMeiF48V7Adsl5JNs21oNlmSrFDW/gwvHhTx6q/x5r8xbfegrQ8GHu/NMDMvSgU3FuNvr7S2vrG5Vd6u7Ozu7R9UD4/aRmWashZVQuluRAwTXLKW5VawbqoZSSLBOtH4duZ3Hpk2XMkHO0lZmJCh5DGnxDopeMIY9TSRQ8H61Rqu4znQKvELUoMCzX71qzdQNEuYtFQQYwIfpzbMibacCjat9DLDUkLHZMgCRyVJmAnz+clTdOaUAYqVdiUtmqu/J3KSGDNJIteZEDsyy95M/M8LMhtfhzmXaWaZpItFcSaQVWj2PxpwzagVE0cI1dzdiuiIaEKtS6niQvCXX14l7Yu6j+v+/WWtcVPEUYYTOIVz8OEKGnAHTWgBBQXP8ApvnvVevHfvY9Fa8oqZY/gD7/MHfBqQuQ==</latexit><latexit sha1_base64="wCIsj0EOx5gWAk5QrluxTBQsIyM=">AAAB8nicbVBNSwMxEJ2tX7V+VT16CRbBU8mKoMeiF48V7Adsl5JNs21oNlmSrFDW/gwvHhTx6q/x5r8xbfegrQ8GHu/NMDMvSgU3FuNvr7S2vrG5Vd6u7Ozu7R9UD4/aRmWashZVQuluRAwTXLKW5VawbqoZSSLBOtH4duZ3Hpk2XMkHO0lZmJCh5DGnxDopeMIY9TSRQ8H61Rqu4znQKvELUoMCzX71qzdQNEuYtFQQYwIfpzbMibacCjat9DLDUkLHZMgCRyVJmAnz+clTdOaUAYqVdiUtmqu/J3KSGDNJIteZEDsyy95M/M8LMhtfhzmXaWaZpItFcSaQVWj2PxpwzagVE0cI1dzdiuiIaEKtS6niQvCXX14l7Yu6j+v+/WWtcVPEUYYTOIVz8OEKGnAHTWgBBQXP8ApvnvVevHfvY9Fa8oqZY/gD7/MHfBqQuQ==</latexit><latexit sha1_base64="wCIsj0EOx5gWAk5QrluxTBQsIyM=">AAAB8nicbVBNSwMxEJ2tX7V+VT16CRbBU8mKoMeiF48V7Adsl5JNs21oNlmSrFDW/gwvHhTx6q/x5r8xbfegrQ8GHu/NMDMvSgU3FuNvr7S2vrG5Vd6u7Ozu7R9UD4/aRmWashZVQuluRAwTXLKW5VawbqoZSSLBOtH4duZ3Hpk2XMkHO0lZmJCh5DGnxDopeMIY9TSRQ8H61Rqu4znQKvELUoMCzX71qzdQNEuYtFQQYwIfpzbMibacCjat9DLDUkLHZMgCRyVJmAnz+clTdOaUAYqVdiUtmqu/J3KSGDNJIteZEDsyy95M/M8LMhtfhzmXaWaZpItFcSaQVWj2PxpwzagVE0cI1dzdiuiIaEKtS6niQvCXX14l7Yu6j+v+/WWtcVPEUYYTOIVz8OEKGnAHTWgBBQXP8ApvnvVevHfvY9Fa8oqZY/gD7/MHfBqQuQ==</latexit><latexit sha1_base64="wCIsj0EOx5gWAk5QrluxTBQsIyM=">AAAB8nicbVBNSwMxEJ2tX7V+VT16CRbBU8mKoMeiF48V7Adsl5JNs21oNlmSrFDW/gwvHhTx6q/x5r8xbfegrQ8GHu/NMDMvSgU3FuNvr7S2vrG5Vd6u7Ozu7R9UD4/aRmWashZVQuluRAwTXLKW5VawbqoZSSLBOtH4duZ3Hpk2XMkHO0lZmJCh5DGnxDopeMIY9TSRQ8H61Rqu4znQKvELUoMCzX71qzdQNEuYtFQQYwIfpzbMibacCjat9DLDUkLHZMgCRyVJmAnz+clTdOaUAYqVdiUtmqu/J3KSGDNJIteZEDsyy95M/M8LMhtfhzmXaWaZpItFcSaQVWj2PxpwzagVE0cI1dzdiuiIaEKtS6niQvCXX14l7Yu6j+v+/WWtcVPEUYYTOIVz8OEKGnAHTWgBBQXP8ApvnvVevHfvY9Fa8oqZY/gD7/MHfBqQuQ==</latexit>

|01i
<latexit sha1_base64="kqI8L1QSpa9IvoVHSaALdfvjf2s=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0swm7E6HE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61TZJpxlsskYnuhtRwKRRvoUDJu6nmNA4l74Tj25nfeeTaiEQ94CTlQUyHSkSCUbSS/+R6pKepGkrer9bcujsHWSVeQWpQoNmvfvUGCctirpBJaozvuSkGOdUomOTTSi8zPKVsTIfct1TRmJsgn588JWdWGZAo0bYUkrn6eyKnsTGTOLSdMcWRWfZm4n+en2F0HeRCpRlyxRaLokwSTMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBgwSe4RXeHHRenHfnY9FacoqZY/gD5/MHfaaQug==</latexit><latexit sha1_base64="kqI8L1QSpa9IvoVHSaALdfvjf2s=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0swm7E6HE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61TZJpxlsskYnuhtRwKRRvoUDJu6nmNA4l74Tj25nfeeTaiEQ94CTlQUyHSkSCUbSS/+R6pKepGkrer9bcujsHWSVeQWpQoNmvfvUGCctirpBJaozvuSkGOdUomOTTSi8zPKVsTIfct1TRmJsgn588JWdWGZAo0bYUkrn6eyKnsTGTOLSdMcWRWfZm4n+en2F0HeRCpRlyxRaLokwSTMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBgwSe4RXeHHRenHfnY9FacoqZY/gD5/MHfaaQug==</latexit><latexit sha1_base64="kqI8L1QSpa9IvoVHSaALdfvjf2s=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0swm7E6HE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61TZJpxlsskYnuhtRwKRRvoUDJu6nmNA4l74Tj25nfeeTaiEQ94CTlQUyHSkSCUbSS/+R6pKepGkrer9bcujsHWSVeQWpQoNmvfvUGCctirpBJaozvuSkGOdUomOTTSi8zPKVsTIfct1TRmJsgn588JWdWGZAo0bYUkrn6eyKnsTGTOLSdMcWRWfZm4n+en2F0HeRCpRlyxRaLokwSTMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBgwSe4RXeHHRenHfnY9FacoqZY/gD5/MHfaaQug==</latexit><latexit sha1_base64="kqI8L1QSpa9IvoVHSaALdfvjf2s=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0swm7E6HE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61TZJpxlsskYnuhtRwKRRvoUDJu6nmNA4l74Tj25nfeeTaiEQ94CTlQUyHSkSCUbSS/+R6pKepGkrer9bcujsHWSVeQWpQoNmvfvUGCctirpBJaozvuSkGOdUomOTTSi8zPKVsTIfct1TRmJsgn588JWdWGZAo0bYUkrn6eyKnsTGTOLSdMcWRWfZm4n+en2F0HeRCpRlyxRaLokwSTMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBgwSe4RXeHHRenHfnY9FacoqZY/gD5/MHfaaQug==</latexit>

|10i
<latexit sha1_base64="5kq1ha2+33UiJxDRH6xDLqvmAMg=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0swm7E6HE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61TZJpxlsskYnuhtRwKRRvoUDJu6nmNA4l74Tj25nfeeTaiEQ94CTlQUyHSkSCUbSS/+S5pKepGkrer9bcujsHWSVeQWpQoNmvfvUGCctirpBJaozvuSkGOdUomOTTSi8zPKVsTIfct1TRmJsgn588JWdWGZAo0bYUkrn6eyKnsTGTOLSdMcWRWfZm4n+en2F0HeRCpRlyxRaLokwSTMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBgwSe4RXeHHRenHfnY9FacoqZY/gD5/MHfaeQug==</latexit><latexit sha1_base64="5kq1ha2+33UiJxDRH6xDLqvmAMg=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0swm7E6HE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61TZJpxlsskYnuhtRwKRRvoUDJu6nmNA4l74Tj25nfeeTaiEQ94CTlQUyHSkSCUbSS/+S5pKepGkrer9bcujsHWSVeQWpQoNmvfvUGCctirpBJaozvuSkGOdUomOTTSi8zPKVsTIfct1TRmJsgn588JWdWGZAo0bYUkrn6eyKnsTGTOLSdMcWRWfZm4n+en2F0HeRCpRlyxRaLokwSTMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBgwSe4RXeHHRenHfnY9FacoqZY/gD5/MHfaeQug==</latexit><latexit sha1_base64="5kq1ha2+33UiJxDRH6xDLqvmAMg=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0swm7E6HE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61TZJpxlsskYnuhtRwKRRvoUDJu6nmNA4l74Tj25nfeeTaiEQ94CTlQUyHSkSCUbSS/+S5pKepGkrer9bcujsHWSVeQWpQoNmvfvUGCctirpBJaozvuSkGOdUomOTTSi8zPKVsTIfct1TRmJsgn588JWdWGZAo0bYUkrn6eyKnsTGTOLSdMcWRWfZm4n+en2F0HeRCpRlyxRaLokwSTMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBgwSe4RXeHHRenHfnY9FacoqZY/gD5/MHfaeQug==</latexit><latexit sha1_base64="5kq1ha2+33UiJxDRH6xDLqvmAMg=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0swm7E6HE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61TZJpxlsskYnuhtRwKRRvoUDJu6nmNA4l74Tj25nfeeTaiEQ94CTlQUyHSkSCUbSS/+S5pKepGkrer9bcujsHWSVeQWpQoNmvfvUGCctirpBJaozvuSkGOdUomOTTSi8zPKVsTIfct1TRmJsgn588JWdWGZAo0bYUkrn6eyKnsTGTOLSdMcWRWfZm4n+en2F0HeRCpRlyxRaLokwSTMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBgwSe4RXeHHRenHfnY9FacoqZY/gD5/MHfaeQug==</latexit>

|11i
<latexit sha1_base64="RKkx1eNtnZhFrdlbGpIiho1k0G8=">AAAB8nicbVBNSwMxEJ2tX7V+VT16CRbBU9mIoMeiF48V7Adsl5JNs21oNlmSrFDW/gwvHhTx6q/x5r8xbfegrQ8GHu/NMDMvSgU31ve/vdLa+sbmVnm7srO7t39QPTxqG5VpylpUCaW7ETFMcMlallvBuqlmJIkE60Tj25nfeWTacCUf7CRlYUKGksecEuuk4Alj1NNEDgXrV2t+3Z8DrRJckBoUaParX72BolnCpKWCGBNgP7VhTrTlVLBppZcZlhI6JkMWOCpJwkyYz0+eojOnDFCstCtp0Vz9PZGTxJhJErnOhNiRWfZm4n9ekNn4Osy5TDPLJF0sijOBrEKz/9GAa0atmDhCqObuVkRHRBNqXUoVFwJefnmVtC/q2K/j+8ta46aIowwncArngOEKGnAHTWgBBQXP8ApvnvVevHfvY9Fa8oqZY/gD7/MHfzOQuw==</latexit><latexit sha1_base64="RKkx1eNtnZhFrdlbGpIiho1k0G8=">AAAB8nicbVBNSwMxEJ2tX7V+VT16CRbBU9mIoMeiF48V7Adsl5JNs21oNlmSrFDW/gwvHhTx6q/x5r8xbfegrQ8GHu/NMDMvSgU31ve/vdLa+sbmVnm7srO7t39QPTxqG5VpylpUCaW7ETFMcMlallvBuqlmJIkE60Tj25nfeWTacCUf7CRlYUKGksecEuuk4Alj1NNEDgXrV2t+3Z8DrRJckBoUaParX72BolnCpKWCGBNgP7VhTrTlVLBppZcZlhI6JkMWOCpJwkyYz0+eojOnDFCstCtp0Vz9PZGTxJhJErnOhNiRWfZm4n9ekNn4Osy5TDPLJF0sijOBrEKz/9GAa0atmDhCqObuVkRHRBNqXUoVFwJefnmVtC/q2K/j+8ta46aIowwncArngOEKGnAHTWgBBQXP8ApvnvVevHfvY9Fa8oqZY/gD7/MHfzOQuw==</latexit><latexit sha1_base64="RKkx1eNtnZhFrdlbGpIiho1k0G8=">AAAB8nicbVBNSwMxEJ2tX7V+VT16CRbBU9mIoMeiF48V7Adsl5JNs21oNlmSrFDW/gwvHhTx6q/x5r8xbfegrQ8GHu/NMDMvSgU31ve/vdLa+sbmVnm7srO7t39QPTxqG5VpylpUCaW7ETFMcMlallvBuqlmJIkE60Tj25nfeWTacCUf7CRlYUKGksecEuuk4Alj1NNEDgXrV2t+3Z8DrRJckBoUaParX72BolnCpKWCGBNgP7VhTrTlVLBppZcZlhI6JkMWOCpJwkyYz0+eojOnDFCstCtp0Vz9PZGTxJhJErnOhNiRWfZm4n9ekNn4Osy5TDPLJF0sijOBrEKz/9GAa0atmDhCqObuVkRHRBNqXUoVFwJefnmVtC/q2K/j+8ta46aIowwncArngOEKGnAHTWgBBQXP8ApvnvVevHfvY9Fa8oqZY/gD7/MHfzOQuw==</latexit><latexit sha1_base64="RKkx1eNtnZhFrdlbGpIiho1k0G8=">AAAB8nicbVBNSwMxEJ2tX7V+VT16CRbBU9mIoMeiF48V7Adsl5JNs21oNlmSrFDW/gwvHhTx6q/x5r8xbfegrQ8GHu/NMDMvSgU31ve/vdLa+sbmVnm7srO7t39QPTxqG5VpylpUCaW7ETFMcMlallvBuqlmJIkE60Tj25nfeWTacCUf7CRlYUKGksecEuuk4Alj1NNEDgXrV2t+3Z8DrRJckBoUaParX72BolnCpKWCGBNgP7VhTrTlVLBppZcZlhI6JkMWOCpJwkyYz0+eojOnDFCstCtp0Vz9PZGTxJhJErnOhNiRWfZm4n9ekNn4Osy5TDPLJF0sijOBrEKz/9GAa0atmDhCqObuVkRHRBNqXUoVFwJefnmVtC/q2K/j+8ta46aIowwncArngOEKGnAHTWgBBQXP8ApvnvVevHfvY9Fa8oqZY/gD7/MHfzOQuw==</latexit>

One-dimensional 
subspace



Measurements

A 2-qubit example

Eigenvalues:
Eigenvectors:

0, 1, 2, 3
<latexit sha1_base64="nbpuorfIizPGC60ONDahDGfmolA=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgIYTdKOgx6MVjBPPAZAmzk95kyOzsMjMrhJC/8OJBEa/+jTf/xkmyB00saCiquunuChLBtXHdbye3tr6xuZXfLuzs7u0fFA+PmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsY3c781hMqzWP5YMYJ+hEdSB5yRo2VHt0y8cqkWiYXvWLJrbhzkFXiZaQEGeq94le3H7M0QmmYoFp3PDcx/oQqw5nAaaGbakwoG9EBdiyVNELtT+YXT8mZVfokjJUtachc/T0xoZHW4yiwnRE1Q73szcT/vE5qwmt/wmWSGpRssShMBTExmb1P+lwhM2JsCWWK21sJG1JFmbEhFWwI3vLLq6RZrXhuxbu/LNVusjjycAKncA4eXEEN7qAODWAg4Rle4c3Rzovz7nwsWnNONnMMf+B8/gAKCY6I</latexit><latexit sha1_base64="nbpuorfIizPGC60ONDahDGfmolA=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgIYTdKOgx6MVjBPPAZAmzk95kyOzsMjMrhJC/8OJBEa/+jTf/xkmyB00saCiquunuChLBtXHdbye3tr6xuZXfLuzs7u0fFA+PmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsY3c781hMqzWP5YMYJ+hEdSB5yRo2VHt0y8cqkWiYXvWLJrbhzkFXiZaQEGeq94le3H7M0QmmYoFp3PDcx/oQqw5nAaaGbakwoG9EBdiyVNELtT+YXT8mZVfokjJUtachc/T0xoZHW4yiwnRE1Q73szcT/vE5qwmt/wmWSGpRssShMBTExmb1P+lwhM2JsCWWK21sJG1JFmbEhFWwI3vLLq6RZrXhuxbu/LNVusjjycAKncA4eXEEN7qAODWAg4Rle4c3Rzovz7nwsWnNONnMMf+B8/gAKCY6I</latexit><latexit sha1_base64="nbpuorfIizPGC60ONDahDGfmolA=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgIYTdKOgx6MVjBPPAZAmzk95kyOzsMjMrhJC/8OJBEa/+jTf/xkmyB00saCiquunuChLBtXHdbye3tr6xuZXfLuzs7u0fFA+PmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsY3c781hMqzWP5YMYJ+hEdSB5yRo2VHt0y8cqkWiYXvWLJrbhzkFXiZaQEGeq94le3H7M0QmmYoFp3PDcx/oQqw5nAaaGbakwoG9EBdiyVNELtT+YXT8mZVfokjJUtachc/T0xoZHW4yiwnRE1Q73szcT/vE5qwmt/wmWSGpRssShMBTExmb1P+lwhM2JsCWWK21sJG1JFmbEhFWwI3vLLq6RZrXhuxbu/LNVusjjycAKncA4eXEEN7qAODWAg4Rle4c3Rzovz7nwsWnNONnMMf+B8/gAKCY6I</latexit><latexit sha1_base64="nbpuorfIizPGC60ONDahDGfmolA=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgIYTdKOgx6MVjBPPAZAmzk95kyOzsMjMrhJC/8OJBEa/+jTf/xkmyB00saCiquunuChLBtXHdbye3tr6xuZXfLuzs7u0fFA+PmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsY3c781hMqzWP5YMYJ+hEdSB5yRo2VHt0y8cqkWiYXvWLJrbhzkFXiZaQEGeq94le3H7M0QmmYoFp3PDcx/oQqw5nAaaGbakwoG9EBdiyVNELtT+YXT8mZVfokjJUtachc/T0xoZHW4yiwnRE1Q73szcT/vE5qwmt/wmWSGpRssShMBTExmb1P+lwhM2JsCWWK21sJG1JFmbEhFWwI3vLLq6RZrXhuxbu/LNVusjjycAKncA4eXEEN7qAODWAg4Rle4c3Rzovz7nwsWnNONnMMf+B8/gAKCY6I</latexit>

|00i, |01i, |10i, |11i
<latexit sha1_base64="eT7qsoQxcOqOceIMPzHN3x11iPs=">AAACG3icbVDLSgMxFL3js9ZX1aWbYBFcSEmKoMuiG5cV7APaUjJppg3NZIYkI5Rp/8ONv+LGhSKuBBf+jekDqa0HLpyccy+59/ixFMZi/O2trK6tb2xmtrLbO7t7+7mDw6qJEs14hUUy0nWfGi6F4hUrrOT1WHMa+pLX/P7N2K89cG1EpO7tIOatkHaVCASj1kntXHGIMWpqqrqSn6MhJnMPMu+QX6edy+MCngAtEzIjeZih3M59NjsRS0KuLJPUmAbBsW2lVFvBJB9lm4nhMWV92uUNRxUNuWmlk9tG6NQpHRRE2pWyaKLOT6Q0NGYQ+q4zpLZnFr2x+J/XSGxw1UqFihPLFZt+FCQS2QiNg0IdoTmzcuAIZVq4XRHrUU2ZdXFmXQhk8eRlUi0WCC6Qu4t86XoWRwaO4QTOgMAllOAWylABBo/wDK/w5j15L9679zFtXfFmM0fwB97XD87hnss=</latexit><latexit sha1_base64="eT7qsoQxcOqOceIMPzHN3x11iPs=">AAACG3icbVDLSgMxFL3js9ZX1aWbYBFcSEmKoMuiG5cV7APaUjJppg3NZIYkI5Rp/8ONv+LGhSKuBBf+jekDqa0HLpyccy+59/ixFMZi/O2trK6tb2xmtrLbO7t7+7mDw6qJEs14hUUy0nWfGi6F4hUrrOT1WHMa+pLX/P7N2K89cG1EpO7tIOatkHaVCASj1kntXHGIMWpqqrqSn6MhJnMPMu+QX6edy+MCngAtEzIjeZih3M59NjsRS0KuLJPUmAbBsW2lVFvBJB9lm4nhMWV92uUNRxUNuWmlk9tG6NQpHRRE2pWyaKLOT6Q0NGYQ+q4zpLZnFr2x+J/XSGxw1UqFihPLFZt+FCQS2QiNg0IdoTmzcuAIZVq4XRHrUU2ZdXFmXQhk8eRlUi0WCC6Qu4t86XoWRwaO4QTOgMAllOAWylABBo/wDK/w5j15L9679zFtXfFmM0fwB97XD87hnss=</latexit><latexit sha1_base64="eT7qsoQxcOqOceIMPzHN3x11iPs=">AAACG3icbVDLSgMxFL3js9ZX1aWbYBFcSEmKoMuiG5cV7APaUjJppg3NZIYkI5Rp/8ONv+LGhSKuBBf+jekDqa0HLpyccy+59/ixFMZi/O2trK6tb2xmtrLbO7t7+7mDw6qJEs14hUUy0nWfGi6F4hUrrOT1WHMa+pLX/P7N2K89cG1EpO7tIOatkHaVCASj1kntXHGIMWpqqrqSn6MhJnMPMu+QX6edy+MCngAtEzIjeZih3M59NjsRS0KuLJPUmAbBsW2lVFvBJB9lm4nhMWV92uUNRxUNuWmlk9tG6NQpHRRE2pWyaKLOT6Q0NGYQ+q4zpLZnFr2x+J/XSGxw1UqFihPLFZt+FCQS2QiNg0IdoTmzcuAIZVq4XRHrUU2ZdXFmXQhk8eRlUi0WCC6Qu4t86XoWRwaO4QTOgMAllOAWylABBo/wDK/w5j15L9679zFtXfFmM0fwB97XD87hnss=</latexit><latexit sha1_base64="eT7qsoQxcOqOceIMPzHN3x11iPs=">AAACG3icbVDLSgMxFL3js9ZX1aWbYBFcSEmKoMuiG5cV7APaUjJppg3NZIYkI5Rp/8ONv+LGhSKuBBf+jekDqa0HLpyccy+59/ixFMZi/O2trK6tb2xmtrLbO7t7+7mDw6qJEs14hUUy0nWfGi6F4hUrrOT1WHMa+pLX/P7N2K89cG1EpO7tIOatkHaVCASj1kntXHGIMWpqqrqSn6MhJnMPMu+QX6edy+MCngAtEzIjeZih3M59NjsRS0KuLJPUmAbBsW2lVFvBJB9lm4nhMWV92uUNRxUNuWmlk9tG6NQpHRRE2pWyaKLOT6Q0NGYQ+q4zpLZnFr2x+J/XSGxw1UqFihPLFZt+FCQS2QiNg0IdoTmzcuAIZVq4XRHrUU2ZdXFmXQhk8eRlUi0WCC6Qu4t86XoWRwaO4QTOgMAllOAWylABBo/wDK/w5j15L9679zFtXfFmM0fwB97XD87hnss=</latexit>

Consider the 4-dimensional space

|00i
<latexit sha1_base64="wCIsj0EOx5gWAk5QrluxTBQsIyM=">AAAB8nicbVBNSwMxEJ2tX7V+VT16CRbBU8mKoMeiF48V7Adsl5JNs21oNlmSrFDW/gwvHhTx6q/x5r8xbfegrQ8GHu/NMDMvSgU3FuNvr7S2vrG5Vd6u7Ozu7R9UD4/aRmWashZVQuluRAwTXLKW5VawbqoZSSLBOtH4duZ3Hpk2XMkHO0lZmJCh5DGnxDopeMIY9TSRQ8H61Rqu4znQKvELUoMCzX71qzdQNEuYtFQQYwIfpzbMibacCjat9DLDUkLHZMgCRyVJmAnz+clTdOaUAYqVdiUtmqu/J3KSGDNJIteZEDsyy95M/M8LMhtfhzmXaWaZpItFcSaQVWj2PxpwzagVE0cI1dzdiuiIaEKtS6niQvCXX14l7Yu6j+v+/WWtcVPEUYYTOIVz8OEKGnAHTWgBBQXP8ApvnvVevHfvY9Fa8oqZY/gD7/MHfBqQuQ==</latexit><latexit sha1_base64="wCIsj0EOx5gWAk5QrluxTBQsIyM=">AAAB8nicbVBNSwMxEJ2tX7V+VT16CRbBU8mKoMeiF48V7Adsl5JNs21oNlmSrFDW/gwvHhTx6q/x5r8xbfegrQ8GHu/NMDMvSgU3FuNvr7S2vrG5Vd6u7Ozu7R9UD4/aRmWashZVQuluRAwTXLKW5VawbqoZSSLBOtH4duZ3Hpk2XMkHO0lZmJCh5DGnxDopeMIY9TSRQ8H61Rqu4znQKvELUoMCzX71qzdQNEuYtFQQYwIfpzbMibacCjat9DLDUkLHZMgCRyVJmAnz+clTdOaUAYqVdiUtmqu/J3KSGDNJIteZEDsyy95M/M8LMhtfhzmXaWaZpItFcSaQVWj2PxpwzagVE0cI1dzdiuiIaEKtS6niQvCXX14l7Yu6j+v+/WWtcVPEUYYTOIVz8OEKGnAHTWgBBQXP8ApvnvVevHfvY9Fa8oqZY/gD7/MHfBqQuQ==</latexit><latexit sha1_base64="wCIsj0EOx5gWAk5QrluxTBQsIyM=">AAAB8nicbVBNSwMxEJ2tX7V+VT16CRbBU8mKoMeiF48V7Adsl5JNs21oNlmSrFDW/gwvHhTx6q/x5r8xbfegrQ8GHu/NMDMvSgU3FuNvr7S2vrG5Vd6u7Ozu7R9UD4/aRmWashZVQuluRAwTXLKW5VawbqoZSSLBOtH4duZ3Hpk2XMkHO0lZmJCh5DGnxDopeMIY9TSRQ8H61Rqu4znQKvELUoMCzX71qzdQNEuYtFQQYwIfpzbMibacCjat9DLDUkLHZMgCRyVJmAnz+clTdOaUAYqVdiUtmqu/J3KSGDNJIteZEDsyy95M/M8LMhtfhzmXaWaZpItFcSaQVWj2PxpwzagVE0cI1dzdiuiIaEKtS6niQvCXX14l7Yu6j+v+/WWtcVPEUYYTOIVz8OEKGnAHTWgBBQXP8ApvnvVevHfvY9Fa8oqZY/gD7/MHfBqQuQ==</latexit><latexit sha1_base64="wCIsj0EOx5gWAk5QrluxTBQsIyM=">AAAB8nicbVBNSwMxEJ2tX7V+VT16CRbBU8mKoMeiF48V7Adsl5JNs21oNlmSrFDW/gwvHhTx6q/x5r8xbfegrQ8GHu/NMDMvSgU3FuNvr7S2vrG5Vd6u7Ozu7R9UD4/aRmWashZVQuluRAwTXLKW5VawbqoZSSLBOtH4duZ3Hpk2XMkHO0lZmJCh5DGnxDopeMIY9TSRQ8H61Rqu4znQKvELUoMCzX71qzdQNEuYtFQQYwIfpzbMibacCjat9DLDUkLHZMgCRyVJmAnz+clTdOaUAYqVdiUtmqu/J3KSGDNJIteZEDsyy95M/M8LMhtfhzmXaWaZpItFcSaQVWj2PxpwzagVE0cI1dzdiuiIaEKtS6niQvCXX14l7Yu6j+v+/WWtcVPEUYYTOIVz8OEKGnAHTWgBBQXP8ApvnvVevHfvY9Fa8oqZY/gD7/MHfBqQuQ==</latexit>

|01i
<latexit sha1_base64="kqI8L1QSpa9IvoVHSaALdfvjf2s=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0swm7E6HE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61TZJpxlsskYnuhtRwKRRvoUDJu6nmNA4l74Tj25nfeeTaiEQ94CTlQUyHSkSCUbSS/+R6pKepGkrer9bcujsHWSVeQWpQoNmvfvUGCctirpBJaozvuSkGOdUomOTTSi8zPKVsTIfct1TRmJsgn588JWdWGZAo0bYUkrn6eyKnsTGTOLSdMcWRWfZm4n+en2F0HeRCpRlyxRaLokwSTMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBgwSe4RXeHHRenHfnY9FacoqZY/gD5/MHfaaQug==</latexit><latexit sha1_base64="kqI8L1QSpa9IvoVHSaALdfvjf2s=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0swm7E6HE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61TZJpxlsskYnuhtRwKRRvoUDJu6nmNA4l74Tj25nfeeTaiEQ94CTlQUyHSkSCUbSS/+R6pKepGkrer9bcujsHWSVeQWpQoNmvfvUGCctirpBJaozvuSkGOdUomOTTSi8zPKVsTIfct1TRmJsgn588JWdWGZAo0bYUkrn6eyKnsTGTOLSdMcWRWfZm4n+en2F0HeRCpRlyxRaLokwSTMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBgwSe4RXeHHRenHfnY9FacoqZY/gD5/MHfaaQug==</latexit><latexit sha1_base64="kqI8L1QSpa9IvoVHSaALdfvjf2s=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0swm7E6HE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61TZJpxlsskYnuhtRwKRRvoUDJu6nmNA4l74Tj25nfeeTaiEQ94CTlQUyHSkSCUbSS/+R6pKepGkrer9bcujsHWSVeQWpQoNmvfvUGCctirpBJaozvuSkGOdUomOTTSi8zPKVsTIfct1TRmJsgn588JWdWGZAo0bYUkrn6eyKnsTGTOLSdMcWRWfZm4n+en2F0HeRCpRlyxRaLokwSTMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBgwSe4RXeHHRenHfnY9FacoqZY/gD5/MHfaaQug==</latexit><latexit sha1_base64="kqI8L1QSpa9IvoVHSaALdfvjf2s=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0swm7E6HE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61TZJpxlsskYnuhtRwKRRvoUDJu6nmNA4l74Tj25nfeeTaiEQ94CTlQUyHSkSCUbSS/+R6pKepGkrer9bcujsHWSVeQWpQoNmvfvUGCctirpBJaozvuSkGOdUomOTTSi8zPKVsTIfct1TRmJsgn588JWdWGZAo0bYUkrn6eyKnsTGTOLSdMcWRWfZm4n+en2F0HeRCpRlyxRaLokwSTMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBgwSe4RXeHHRenHfnY9FacoqZY/gD5/MHfaaQug==</latexit>

|10i
<latexit sha1_base64="5kq1ha2+33UiJxDRH6xDLqvmAMg=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0swm7E6HE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61TZJpxlsskYnuhtRwKRRvoUDJu6nmNA4l74Tj25nfeeTaiEQ94CTlQUyHSkSCUbSS/+S5pKepGkrer9bcujsHWSVeQWpQoNmvfvUGCctirpBJaozvuSkGOdUomOTTSi8zPKVsTIfct1TRmJsgn588JWdWGZAo0bYUkrn6eyKnsTGTOLSdMcWRWfZm4n+en2F0HeRCpRlyxRaLokwSTMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBgwSe4RXeHHRenHfnY9FacoqZY/gD5/MHfaeQug==</latexit><latexit sha1_base64="5kq1ha2+33UiJxDRH6xDLqvmAMg=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0swm7E6HE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61TZJpxlsskYnuhtRwKRRvoUDJu6nmNA4l74Tj25nfeeTaiEQ94CTlQUyHSkSCUbSS/+S5pKepGkrer9bcujsHWSVeQWpQoNmvfvUGCctirpBJaozvuSkGOdUomOTTSi8zPKVsTIfct1TRmJsgn588JWdWGZAo0bYUkrn6eyKnsTGTOLSdMcWRWfZm4n+en2F0HeRCpRlyxRaLokwSTMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBgwSe4RXeHHRenHfnY9FacoqZY/gD5/MHfaeQug==</latexit><latexit sha1_base64="5kq1ha2+33UiJxDRH6xDLqvmAMg=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0swm7E6HE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61TZJpxlsskYnuhtRwKRRvoUDJu6nmNA4l74Tj25nfeeTaiEQ94CTlQUyHSkSCUbSS/+S5pKepGkrer9bcujsHWSVeQWpQoNmvfvUGCctirpBJaozvuSkGOdUomOTTSi8zPKVsTIfct1TRmJsgn588JWdWGZAo0bYUkrn6eyKnsTGTOLSdMcWRWfZm4n+en2F0HeRCpRlyxRaLokwSTMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBgwSe4RXeHHRenHfnY9FacoqZY/gD5/MHfaeQug==</latexit><latexit sha1_base64="5kq1ha2+33UiJxDRH6xDLqvmAMg=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0swm7E6HE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61TZJpxlsskYnuhtRwKRRvoUDJu6nmNA4l74Tj25nfeeTaiEQ94CTlQUyHSkSCUbSS/+S5pKepGkrer9bcujsHWSVeQWpQoNmvfvUGCctirpBJaozvuSkGOdUomOTTSi8zPKVsTIfct1TRmJsgn588JWdWGZAo0bYUkrn6eyKnsTGTOLSdMcWRWfZm4n+en2F0HeRCpRlyxRaLokwSTMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBgwSe4RXeHHRenHfnY9FacoqZY/gD5/MHfaeQug==</latexit>

|11i
<latexit sha1_base64="RKkx1eNtnZhFrdlbGpIiho1k0G8=">AAAB8nicbVBNSwMxEJ2tX7V+VT16CRbBU9mIoMeiF48V7Adsl5JNs21oNlmSrFDW/gwvHhTx6q/x5r8xbfegrQ8GHu/NMDMvSgU31ve/vdLa+sbmVnm7srO7t39QPTxqG5VpylpUCaW7ETFMcMlallvBuqlmJIkE60Tj25nfeWTacCUf7CRlYUKGksecEuuk4Alj1NNEDgXrV2t+3Z8DrRJckBoUaParX72BolnCpKWCGBNgP7VhTrTlVLBppZcZlhI6JkMWOCpJwkyYz0+eojOnDFCstCtp0Vz9PZGTxJhJErnOhNiRWfZm4n9ekNn4Osy5TDPLJF0sijOBrEKz/9GAa0atmDhCqObuVkRHRBNqXUoVFwJefnmVtC/q2K/j+8ta46aIowwncArngOEKGnAHTWgBBQXP8ApvnvVevHfvY9Fa8oqZY/gD7/MHfzOQuw==</latexit><latexit sha1_base64="RKkx1eNtnZhFrdlbGpIiho1k0G8=">AAAB8nicbVBNSwMxEJ2tX7V+VT16CRbBU9mIoMeiF48V7Adsl5JNs21oNlmSrFDW/gwvHhTx6q/x5r8xbfegrQ8GHu/NMDMvSgU31ve/vdLa+sbmVnm7srO7t39QPTxqG5VpylpUCaW7ETFMcMlallvBuqlmJIkE60Tj25nfeWTacCUf7CRlYUKGksecEuuk4Alj1NNEDgXrV2t+3Z8DrRJckBoUaParX72BolnCpKWCGBNgP7VhTrTlVLBppZcZlhI6JkMWOCpJwkyYz0+eojOnDFCstCtp0Vz9PZGTxJhJErnOhNiRWfZm4n9ekNn4Osy5TDPLJF0sijOBrEKz/9GAa0atmDhCqObuVkRHRBNqXUoVFwJefnmVtC/q2K/j+8ta46aIowwncArngOEKGnAHTWgBBQXP8ApvnvVevHfvY9Fa8oqZY/gD7/MHfzOQuw==</latexit><latexit sha1_base64="RKkx1eNtnZhFrdlbGpIiho1k0G8=">AAAB8nicbVBNSwMxEJ2tX7V+VT16CRbBU9mIoMeiF48V7Adsl5JNs21oNlmSrFDW/gwvHhTx6q/x5r8xbfegrQ8GHu/NMDMvSgU31ve/vdLa+sbmVnm7srO7t39QPTxqG5VpylpUCaW7ETFMcMlallvBuqlmJIkE60Tj25nfeWTacCUf7CRlYUKGksecEuuk4Alj1NNEDgXrV2t+3Z8DrRJckBoUaParX72BolnCpKWCGBNgP7VhTrTlVLBppZcZlhI6JkMWOCpJwkyYz0+eojOnDFCstCtp0Vz9PZGTxJhJErnOhNiRWfZm4n9ekNn4Osy5TDPLJF0sijOBrEKz/9GAa0atmDhCqObuVkRHRBNqXUoVFwJefnmVtC/q2K/j+8ta46aIowwncArngOEKGnAHTWgBBQXP8ApvnvVevHfvY9Fa8oqZY/gD7/MHfzOQuw==</latexit><latexit sha1_base64="RKkx1eNtnZhFrdlbGpIiho1k0G8=">AAAB8nicbVBNSwMxEJ2tX7V+VT16CRbBU9mIoMeiF48V7Adsl5JNs21oNlmSrFDW/gwvHhTx6q/x5r8xbfegrQ8GHu/NMDMvSgU31ve/vdLa+sbmVnm7srO7t39QPTxqG5VpylpUCaW7ETFMcMlallvBuqlmJIkE60Tj25nfeWTacCUf7CRlYUKGksecEuuk4Alj1NNEDgXrV2t+3Z8DrRJckBoUaParX72BolnCpKWCGBNgP7VhTrTlVLBppZcZlhI6JkMWOCpJwkyYz0+eojOnDFCstCtp0Vz9PZGTxJhJErnOhNiRWfZm4n9ekNn4Osy5TDPLJF0sijOBrEKz/9GAa0atmDhCqObuVkRHRBNqXUoVFwJefnmVtC/q2K/j+8ta46aIowwncArngOEKGnAHTWgBBQXP8ApvnvVevHfvY9Fa8oqZY/gD7/MHfzOQuw==</latexit>

0
<latexit sha1_base64="6ZTwbptvK00HUiMuNssEoeJJPkc=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip6Q7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AeRmMtA==</latexit><latexit sha1_base64="6ZTwbptvK00HUiMuNssEoeJJPkc=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip6Q7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AeRmMtA==</latexit><latexit sha1_base64="6ZTwbptvK00HUiMuNssEoeJJPkc=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip6Q7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AeRmMtA==</latexit><latexit sha1_base64="6ZTwbptvK00HUiMuNssEoeJJPkc=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip6Q7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AeRmMtA==</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="bGronyvkxiOrftIdMcDlRYPusyM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipWRuUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSrlU9t+o1ryr12zyOIpzBOVyCB9dQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AfCGMtg==</latexit>

3
<latexit sha1_base64="JYBj3t+WTAQe8bLkJgi7MxOh5ms=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU0GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUuOyXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasIbP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFVqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBfaWMtw==</latexit><latexit sha1_base64="JYBj3t+WTAQe8bLkJgi7MxOh5ms=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU0GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUuOyXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasIbP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFVqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBfaWMtw==</latexit><latexit sha1_base64="JYBj3t+WTAQe8bLkJgi7MxOh5ms=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU0GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUuOyXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasIbP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFVqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBfaWMtw==</latexit><latexit sha1_base64="JYBj3t+WTAQe8bLkJgi7MxOh5ms=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU0GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUuOyXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasIbP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFVqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBfaWMtw==</latexit>

Now suppose first 2 eigenvalues are the same



Measurements

A 2-qubit example

Eigenvalues:
Eigenvectors: |00i, |01i, |10i, |11i

<latexit sha1_base64="eT7qsoQxcOqOceIMPzHN3x11iPs=">AAACG3icbVDLSgMxFL3js9ZX1aWbYBFcSEmKoMuiG5cV7APaUjJppg3NZIYkI5Rp/8ONv+LGhSKuBBf+jekDqa0HLpyccy+59/ixFMZi/O2trK6tb2xmtrLbO7t7+7mDw6qJEs14hUUy0nWfGi6F4hUrrOT1WHMa+pLX/P7N2K89cG1EpO7tIOatkHaVCASj1kntXHGIMWpqqrqSn6MhJnMPMu+QX6edy+MCngAtEzIjeZih3M59NjsRS0KuLJPUmAbBsW2lVFvBJB9lm4nhMWV92uUNRxUNuWmlk9tG6NQpHRRE2pWyaKLOT6Q0NGYQ+q4zpLZnFr2x+J/XSGxw1UqFihPLFZt+FCQS2QiNg0IdoTmzcuAIZVq4XRHrUU2ZdXFmXQhk8eRlUi0WCC6Qu4t86XoWRwaO4QTOgMAllOAWylABBo/wDK/w5j15L9679zFtXfFmM0fwB97XD87hnss=</latexit><latexit sha1_base64="eT7qsoQxcOqOceIMPzHN3x11iPs=">AAACG3icbVDLSgMxFL3js9ZX1aWbYBFcSEmKoMuiG5cV7APaUjJppg3NZIYkI5Rp/8ONv+LGhSKuBBf+jekDqa0HLpyccy+59/ixFMZi/O2trK6tb2xmtrLbO7t7+7mDw6qJEs14hUUy0nWfGi6F4hUrrOT1WHMa+pLX/P7N2K89cG1EpO7tIOatkHaVCASj1kntXHGIMWpqqrqSn6MhJnMPMu+QX6edy+MCngAtEzIjeZih3M59NjsRS0KuLJPUmAbBsW2lVFvBJB9lm4nhMWV92uUNRxUNuWmlk9tG6NQpHRRE2pWyaKLOT6Q0NGYQ+q4zpLZnFr2x+J/XSGxw1UqFihPLFZt+FCQS2QiNg0IdoTmzcuAIZVq4XRHrUU2ZdXFmXQhk8eRlUi0WCC6Qu4t86XoWRwaO4QTOgMAllOAWylABBo/wDK/w5j15L9679zFtXfFmM0fwB97XD87hnss=</latexit><latexit sha1_base64="eT7qsoQxcOqOceIMPzHN3x11iPs=">AAACG3icbVDLSgMxFL3js9ZX1aWbYBFcSEmKoMuiG5cV7APaUjJppg3NZIYkI5Rp/8ONv+LGhSKuBBf+jekDqa0HLpyccy+59/ixFMZi/O2trK6tb2xmtrLbO7t7+7mDw6qJEs14hUUy0nWfGi6F4hUrrOT1WHMa+pLX/P7N2K89cG1EpO7tIOatkHaVCASj1kntXHGIMWpqqrqSn6MhJnMPMu+QX6edy+MCngAtEzIjeZih3M59NjsRS0KuLJPUmAbBsW2lVFvBJB9lm4nhMWV92uUNRxUNuWmlk9tG6NQpHRRE2pWyaKLOT6Q0NGYQ+q4zpLZnFr2x+J/XSGxw1UqFihPLFZt+FCQS2QiNg0IdoTmzcuAIZVq4XRHrUU2ZdXFmXQhk8eRlUi0WCC6Qu4t86XoWRwaO4QTOgMAllOAWylABBo/wDK/w5j15L9679zFtXfFmM0fwB97XD87hnss=</latexit><latexit sha1_base64="eT7qsoQxcOqOceIMPzHN3x11iPs=">AAACG3icbVDLSgMxFL3js9ZX1aWbYBFcSEmKoMuiG5cV7APaUjJppg3NZIYkI5Rp/8ONv+LGhSKuBBf+jekDqa0HLpyccy+59/ixFMZi/O2trK6tb2xmtrLbO7t7+7mDw6qJEs14hUUy0nWfGi6F4hUrrOT1WHMa+pLX/P7N2K89cG1EpO7tIOatkHaVCASj1kntXHGIMWpqqrqSn6MhJnMPMu+QX6edy+MCngAtEzIjeZih3M59NjsRS0KuLJPUmAbBsW2lVFvBJB9lm4nhMWV92uUNRxUNuWmlk9tG6NQpHRRE2pWyaKLOT6Q0NGYQ+q4zpLZnFr2x+J/XSGxw1UqFihPLFZt+FCQS2QiNg0IdoTmzcuAIZVq4XRHrUU2ZdXFmXQhk8eRlUi0WCC6Qu4t86XoWRwaO4QTOgMAllOAWylABBo/wDK/w5j15L9679zFtXfFmM0fwB97XD87hnss=</latexit>

Consider the 4-dimensional space

|10i
<latexit sha1_base64="5kq1ha2+33UiJxDRH6xDLqvmAMg=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0swm7E6HE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61TZJpxlsskYnuhtRwKRRvoUDJu6nmNA4l74Tj25nfeeTaiEQ94CTlQUyHSkSCUbSS/+S5pKepGkrer9bcujsHWSVeQWpQoNmvfvUGCctirpBJaozvuSkGOdUomOTTSi8zPKVsTIfct1TRmJsgn588JWdWGZAo0bYUkrn6eyKnsTGTOLSdMcWRWfZm4n+en2F0HeRCpRlyxRaLokwSTMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBgwSe4RXeHHRenHfnY9FacoqZY/gD5/MHfaeQug==</latexit><latexit sha1_base64="5kq1ha2+33UiJxDRH6xDLqvmAMg=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0swm7E6HE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61TZJpxlsskYnuhtRwKRRvoUDJu6nmNA4l74Tj25nfeeTaiEQ94CTlQUyHSkSCUbSS/+S5pKepGkrer9bcujsHWSVeQWpQoNmvfvUGCctirpBJaozvuSkGOdUomOTTSi8zPKVsTIfct1TRmJsgn588JWdWGZAo0bYUkrn6eyKnsTGTOLSdMcWRWfZm4n+en2F0HeRCpRlyxRaLokwSTMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBgwSe4RXeHHRenHfnY9FacoqZY/gD5/MHfaeQug==</latexit><latexit sha1_base64="5kq1ha2+33UiJxDRH6xDLqvmAMg=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0swm7E6HE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61TZJpxlsskYnuhtRwKRRvoUDJu6nmNA4l74Tj25nfeeTaiEQ94CTlQUyHSkSCUbSS/+S5pKepGkrer9bcujsHWSVeQWpQoNmvfvUGCctirpBJaozvuSkGOdUomOTTSi8zPKVsTIfct1TRmJsgn588JWdWGZAo0bYUkrn6eyKnsTGTOLSdMcWRWfZm4n+en2F0HeRCpRlyxRaLokwSTMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBgwSe4RXeHHRenHfnY9FacoqZY/gD5/MHfaeQug==</latexit><latexit sha1_base64="5kq1ha2+33UiJxDRH6xDLqvmAMg=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0swm7E6HE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61TZJpxlsskYnuhtRwKRRvoUDJu6nmNA4l74Tj25nfeeTaiEQ94CTlQUyHSkSCUbSS/+S5pKepGkrer9bcujsHWSVeQWpQoNmvfvUGCctirpBJaozvuSkGOdUomOTTSi8zPKVsTIfct1TRmJsgn588JWdWGZAo0bYUkrn6eyKnsTGTOLSdMcWRWfZm4n+en2F0HeRCpRlyxRaLokwSTMjsfzIQmjOUE0so08LeStiIasrQplSxIXjLL6+S9kXdc+ve/WWtcVPEUYYTOIVz8OAKGnAHTWgBgwSe4RXeHHRenHfnY9FacoqZY/gD5/MHfaeQug==</latexit>

|11i
<latexit sha1_base64="RKkx1eNtnZhFrdlbGpIiho1k0G8=">AAAB8nicbVBNSwMxEJ2tX7V+VT16CRbBU9mIoMeiF48V7Adsl5JNs21oNlmSrFDW/gwvHhTx6q/x5r8xbfegrQ8GHu/NMDMvSgU31ve/vdLa+sbmVnm7srO7t39QPTxqG5VpylpUCaW7ETFMcMlallvBuqlmJIkE60Tj25nfeWTacCUf7CRlYUKGksecEuuk4Alj1NNEDgXrV2t+3Z8DrRJckBoUaParX72BolnCpKWCGBNgP7VhTrTlVLBppZcZlhI6JkMWOCpJwkyYz0+eojOnDFCstCtp0Vz9PZGTxJhJErnOhNiRWfZm4n9ekNn4Osy5TDPLJF0sijOBrEKz/9GAa0atmDhCqObuVkRHRBNqXUoVFwJefnmVtC/q2K/j+8ta46aIowwncArngOEKGnAHTWgBBQXP8ApvnvVevHfvY9Fa8oqZY/gD7/MHfzOQuw==</latexit><latexit sha1_base64="RKkx1eNtnZhFrdlbGpIiho1k0G8=">AAAB8nicbVBNSwMxEJ2tX7V+VT16CRbBU9mIoMeiF48V7Adsl5JNs21oNlmSrFDW/gwvHhTx6q/x5r8xbfegrQ8GHu/NMDMvSgU31ve/vdLa+sbmVnm7srO7t39QPTxqG5VpylpUCaW7ETFMcMlallvBuqlmJIkE60Tj25nfeWTacCUf7CRlYUKGksecEuuk4Alj1NNEDgXrV2t+3Z8DrRJckBoUaParX72BolnCpKWCGBNgP7VhTrTlVLBppZcZlhI6JkMWOCpJwkyYz0+eojOnDFCstCtp0Vz9PZGTxJhJErnOhNiRWfZm4n9ekNn4Osy5TDPLJF0sijOBrEKz/9GAa0atmDhCqObuVkRHRBNqXUoVFwJefnmVtC/q2K/j+8ta46aIowwncArngOEKGnAHTWgBBQXP8ApvnvVevHfvY9Fa8oqZY/gD7/MHfzOQuw==</latexit><latexit sha1_base64="RKkx1eNtnZhFrdlbGpIiho1k0G8=">AAAB8nicbVBNSwMxEJ2tX7V+VT16CRbBU9mIoMeiF48V7Adsl5JNs21oNlmSrFDW/gwvHhTx6q/x5r8xbfegrQ8GHu/NMDMvSgU31ve/vdLa+sbmVnm7srO7t39QPTxqG5VpylpUCaW7ETFMcMlallvBuqlmJIkE60Tj25nfeWTacCUf7CRlYUKGksecEuuk4Alj1NNEDgXrV2t+3Z8DrRJckBoUaParX72BolnCpKWCGBNgP7VhTrTlVLBppZcZlhI6JkMWOCpJwkyYz0+eojOnDFCstCtp0Vz9PZGTxJhJErnOhNiRWfZm4n9ekNn4Osy5TDPLJF0sijOBrEKz/9GAa0atmDhCqObuVkRHRBNqXUoVFwJefnmVtC/q2K/j+8ta46aIowwncArngOEKGnAHTWgBBQXP8ApvnvVevHfvY9Fa8oqZY/gD7/MHfzOQuw==</latexit><latexit sha1_base64="RKkx1eNtnZhFrdlbGpIiho1k0G8=">AAAB8nicbVBNSwMxEJ2tX7V+VT16CRbBU9mIoMeiF48V7Adsl5JNs21oNlmSrFDW/gwvHhTx6q/x5r8xbfegrQ8GHu/NMDMvSgU31ve/vdLa+sbmVnm7srO7t39QPTxqG5VpylpUCaW7ETFMcMlallvBuqlmJIkE60Tj25nfeWTacCUf7CRlYUKGksecEuuk4Alj1NNEDgXrV2t+3Z8DrRJckBoUaParX72BolnCpKWCGBNgP7VhTrTlVLBppZcZlhI6JkMWOCpJwkyYz0+eojOnDFCstCtp0Vz9PZGTxJhJErnOhNiRWfZm4n9ekNn4Osy5TDPLJF0sijOBrEKz/9GAa0atmDhCqObuVkRHRBNqXUoVFwJefnmVtC/q2K/j+8ta46aIowwncArngOEKGnAHTWgBBQXP8ApvnvVevHfvY9Fa8oqZY/gD7/MHfzOQuw==</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="bGronyvkxiOrftIdMcDlRYPusyM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipWRuUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSrlU9t+o1ryr12zyOIpzBOVyCB9dQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AfCGMtg==</latexit>

3
<latexit sha1_base64="JYBj3t+WTAQe8bLkJgi7MxOh5ms=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU0GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUuOyXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasIbP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFVqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBfaWMtw==</latexit><latexit sha1_base64="JYBj3t+WTAQe8bLkJgi7MxOh5ms=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU0GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUuOyXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasIbP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFVqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBfaWMtw==</latexit><latexit sha1_base64="JYBj3t+WTAQe8bLkJgi7MxOh5ms=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU0GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUuOyXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasIbP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFVqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBfaWMtw==</latexit><latexit sha1_base64="JYBj3t+WTAQe8bLkJgi7MxOh5ms=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU0GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUuOyXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasIbP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFVqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBfaWMtw==</latexit>

Now suppose first 2 eigenvalues are the same

1, 2, 3
<latexit sha1_base64="QJP2IwuXotOD2r1QRGNjEPNDOak=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBQylJFfRY9OKxgqmFNpTNdtIu3WzC7kYopb/BiwdFvPqDvPlv3LY5aOuDgcd7M8zMC1PBtXHdb6ewtr6xuVXcLu3s7u0flA+PWjrJFEOfJSJR7ZBqFFyib7gR2E4V0jgU+BiObmf+4xMqzRP5YMYpBjEdSB5xRo2VfK9ar170yhW35s5BVomXkwrkaPbKX91+wrIYpWGCat3x3NQEE6oMZwKnpW6mMaVsRAfYsVTSGHUwmR87JWdW6ZMoUbakIXP198SExlqP49B2xtQM9bI3E//zOpmJroMJl2lmULLFoigTxCRk9jnpc4XMiLEllClubyVsSBVlxuZTsiF4yy+vkla95rk17/6y0rjJ4yjCCZzCOXhwBQ24gyb4wIDDM7zCmyOdF+fd+Vi0Fpx85hj+wPn8AS6jjZo=</latexit><latexit sha1_base64="QJP2IwuXotOD2r1QRGNjEPNDOak=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBQylJFfRY9OKxgqmFNpTNdtIu3WzC7kYopb/BiwdFvPqDvPlv3LY5aOuDgcd7M8zMC1PBtXHdb6ewtr6xuVXcLu3s7u0flA+PWjrJFEOfJSJR7ZBqFFyib7gR2E4V0jgU+BiObmf+4xMqzRP5YMYpBjEdSB5xRo2VfK9ar170yhW35s5BVomXkwrkaPbKX91+wrIYpWGCat3x3NQEE6oMZwKnpW6mMaVsRAfYsVTSGHUwmR87JWdW6ZMoUbakIXP198SExlqP49B2xtQM9bI3E//zOpmJroMJl2lmULLFoigTxCRk9jnpc4XMiLEllClubyVsSBVlxuZTsiF4yy+vkla95rk17/6y0rjJ4yjCCZzCOXhwBQ24gyb4wIDDM7zCmyOdF+fd+Vi0Fpx85hj+wPn8AS6jjZo=</latexit><latexit sha1_base64="QJP2IwuXotOD2r1QRGNjEPNDOak=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBQylJFfRY9OKxgqmFNpTNdtIu3WzC7kYopb/BiwdFvPqDvPlv3LY5aOuDgcd7M8zMC1PBtXHdb6ewtr6xuVXcLu3s7u0flA+PWjrJFEOfJSJR7ZBqFFyib7gR2E4V0jgU+BiObmf+4xMqzRP5YMYpBjEdSB5xRo2VfK9ar170yhW35s5BVomXkwrkaPbKX91+wrIYpWGCat3x3NQEE6oMZwKnpW6mMaVsRAfYsVTSGHUwmR87JWdW6ZMoUbakIXP198SExlqP49B2xtQM9bI3E//zOpmJroMJl2lmULLFoigTxCRk9jnpc4XMiLEllClubyVsSBVlxuZTsiF4yy+vkla95rk17/6y0rjJ4yjCCZzCOXhwBQ24gyb4wIDDM7zCmyOdF+fd+Vi0Fpx85hj+wPn8AS6jjZo=</latexit><latexit sha1_base64="QJP2IwuXotOD2r1QRGNjEPNDOak=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBQylJFfRY9OKxgqmFNpTNdtIu3WzC7kYopb/BiwdFvPqDvPlv3LY5aOuDgcd7M8zMC1PBtXHdb6ewtr6xuVXcLu3s7u0flA+PWjrJFEOfJSJR7ZBqFFyib7gR2E4V0jgU+BiObmf+4xMqzRP5YMYpBjEdSB5xRo2VfK9ar170yhW35s5BVomXkwrkaPbKX91+wrIYpWGCat3x3NQEE6oMZwKnpW6mMaVsRAfYsVTSGHUwmR87JWdW6ZMoUbakIXP198SExlqP49B2xtQM9bI3E//zOpmJroMJl2lmULLFoigTxCRk9jnpc4XMiLEllClubyVsSBVlxuZTsiF4yy+vkla95rk17/6y0rjJ4yjCCZzCOXhwBQ24gyb4wIDDM7zCmyOdF+fd+Vi0Fpx85hj+wPn8AS6jjZo=</latexit>

span(|00i, |01i)
<latexit sha1_base64="1uq6prE/TvLEY/3d9nLFNv2R5Js=">AAACBnicbVDLSgMxFM3UV62vUZciBItQQUpGBF0W3bisYB/QDuVOmmlDM5khyQil7cqNv+LGhSJu/QZ3/o1pOwutHrhwcs695N4TJIJrQ8iXk1taXlldy68XNja3tnfc3b26jlNFWY3GIlbNADQTXLKa4UawZqIYRIFgjWBwPfUb90xpHss7M0yYH0FP8pBTMFbquIc6AVkaE9JWIHuCneIx8XD2OOm4RVImM+C/xMtIEWWodtzPdjemacSkoQK0bnkkMf4IlOFUsEmhnWqWAB1Aj7UslRAx7Y9mZ0zwsVW6OIyVLWnwTP05MYJI62EU2M4ITF8velPxP6+VmvDSH3GZpIZJOv8oTAU2MZ5mgrtcMWrE0BKgittdMe2DAmpscgUbgrd48l9SPyt7pOzdnhcrV1kceXSAjlAJeegCVdANqqIaougBPaEX9Oo8Os/Om/M+b8052cw++gXn4xsmAJef</latexit><latexit sha1_base64="1uq6prE/TvLEY/3d9nLFNv2R5Js=">AAACBnicbVDLSgMxFM3UV62vUZciBItQQUpGBF0W3bisYB/QDuVOmmlDM5khyQil7cqNv+LGhSJu/QZ3/o1pOwutHrhwcs695N4TJIJrQ8iXk1taXlldy68XNja3tnfc3b26jlNFWY3GIlbNADQTXLKa4UawZqIYRIFgjWBwPfUb90xpHss7M0yYH0FP8pBTMFbquIc6AVkaE9JWIHuCneIx8XD2OOm4RVImM+C/xMtIEWWodtzPdjemacSkoQK0bnkkMf4IlOFUsEmhnWqWAB1Aj7UslRAx7Y9mZ0zwsVW6OIyVLWnwTP05MYJI62EU2M4ITF8velPxP6+VmvDSH3GZpIZJOv8oTAU2MZ5mgrtcMWrE0BKgittdMe2DAmpscgUbgrd48l9SPyt7pOzdnhcrV1kceXSAjlAJeegCVdANqqIaougBPaEX9Oo8Os/Om/M+b8052cw++gXn4xsmAJef</latexit><latexit sha1_base64="1uq6prE/TvLEY/3d9nLFNv2R5Js=">AAACBnicbVDLSgMxFM3UV62vUZciBItQQUpGBF0W3bisYB/QDuVOmmlDM5khyQil7cqNv+LGhSJu/QZ3/o1pOwutHrhwcs695N4TJIJrQ8iXk1taXlldy68XNja3tnfc3b26jlNFWY3GIlbNADQTXLKa4UawZqIYRIFgjWBwPfUb90xpHss7M0yYH0FP8pBTMFbquIc6AVkaE9JWIHuCneIx8XD2OOm4RVImM+C/xMtIEWWodtzPdjemacSkoQK0bnkkMf4IlOFUsEmhnWqWAB1Aj7UslRAx7Y9mZ0zwsVW6OIyVLWnwTP05MYJI62EU2M4ITF8velPxP6+VmvDSH3GZpIZJOv8oTAU2MZ5mgrtcMWrE0BKgittdMe2DAmpscgUbgrd48l9SPyt7pOzdnhcrV1kceXSAjlAJeegCVdANqqIaougBPaEX9Oo8Os/Om/M+b8052cw++gXn4xsmAJef</latexit><latexit sha1_base64="1uq6prE/TvLEY/3d9nLFNv2R5Js=">AAACBnicbVDLSgMxFM3UV62vUZciBItQQUpGBF0W3bisYB/QDuVOmmlDM5khyQil7cqNv+LGhSJu/QZ3/o1pOwutHrhwcs695N4TJIJrQ8iXk1taXlldy68XNja3tnfc3b26jlNFWY3GIlbNADQTXLKa4UawZqIYRIFgjWBwPfUb90xpHss7M0yYH0FP8pBTMFbquIc6AVkaE9JWIHuCneIx8XD2OOm4RVImM+C/xMtIEWWodtzPdjemacSkoQK0bnkkMf4IlOFUsEmhnWqWAB1Aj7UslRAx7Y9mZ0zwsVW6OIyVLWnwTP05MYJI62EU2M4ITF8velPxP6+VmvDSH3GZpIZJOv8oTAU2MZ5mgrtcMWrE0BKgittdMe2DAmpscgUbgrd48l9SPyt7pOzdnhcrV1kceXSAjlAJeegCVdANqqIaougBPaEX9Oo8Os/Om/M+b8052cw++gXn4xsmAJef</latexit>

Two-dimensional 
subspace



Measurements

a|00i+ b|01i+ c|10i+ d|11i
<latexit sha1_base64="oshCP/8CAkdCMeLLV4aknHo93iE=">AAACIXicbVDLSgMxFM3UV62vUZdugkUQhJKIYJdFNy4r2Ae0Q8lk0jY0kxmSjFBm+itu/BU3LhTpTvwZ03YWtfVA4Nxz7uXmHj8WXBuEvp3CxubW9k5xt7S3f3B45B6fNHWUKMoaNBKRavtEM8ElaxhuBGvHipHQF6zlj+5nfuuZKc0j+WTGMfNCMpC8zykxVuq5VZIhBLuKyIFg8Ar6GcJLJc3wshtkGOdVzy2jCpoDrhOckzLIUe+5024Q0SRk0lBBtO5gFBsvJcpwKtik1E00iwkdkQHrWCpJyLSXzi+cwAurBLAfKfukgXN1eSIlodbj0LedITFDverNxP+8TmL6VS/lMk4Mk3SxqJ8IaCI4iwsGXDFqxNgSQhW3f4V0SBShxoZasiHg1ZPXSfO6glEFP96Ua3d5HEVwBs7BJcDgFtTAA6iDBqDgBbyBD/DpvDrvzpczXbQWnHzmFPyB8/MLv4Wgzg==</latexit><latexit sha1_base64="oshCP/8CAkdCMeLLV4aknHo93iE=">AAACIXicbVDLSgMxFM3UV62vUZdugkUQhJKIYJdFNy4r2Ae0Q8lk0jY0kxmSjFBm+itu/BU3LhTpTvwZ03YWtfVA4Nxz7uXmHj8WXBuEvp3CxubW9k5xt7S3f3B45B6fNHWUKMoaNBKRavtEM8ElaxhuBGvHipHQF6zlj+5nfuuZKc0j+WTGMfNCMpC8zykxVuq5VZIhBLuKyIFg8Ar6GcJLJc3wshtkGOdVzy2jCpoDrhOckzLIUe+5024Q0SRk0lBBtO5gFBsvJcpwKtik1E00iwkdkQHrWCpJyLSXzi+cwAurBLAfKfukgXN1eSIlodbj0LedITFDverNxP+8TmL6VS/lMk4Mk3SxqJ8IaCI4iwsGXDFqxNgSQhW3f4V0SBShxoZasiHg1ZPXSfO6glEFP96Ua3d5HEVwBs7BJcDgFtTAA6iDBqDgBbyBD/DpvDrvzpczXbQWnHzmFPyB8/MLv4Wgzg==</latexit><latexit sha1_base64="oshCP/8CAkdCMeLLV4aknHo93iE=">AAACIXicbVDLSgMxFM3UV62vUZdugkUQhJKIYJdFNy4r2Ae0Q8lk0jY0kxmSjFBm+itu/BU3LhTpTvwZ03YWtfVA4Nxz7uXmHj8WXBuEvp3CxubW9k5xt7S3f3B45B6fNHWUKMoaNBKRavtEM8ElaxhuBGvHipHQF6zlj+5nfuuZKc0j+WTGMfNCMpC8zykxVuq5VZIhBLuKyIFg8Ar6GcJLJc3wshtkGOdVzy2jCpoDrhOckzLIUe+5024Q0SRk0lBBtO5gFBsvJcpwKtik1E00iwkdkQHrWCpJyLSXzi+cwAurBLAfKfukgXN1eSIlodbj0LedITFDverNxP+8TmL6VS/lMk4Mk3SxqJ8IaCI4iwsGXDFqxNgSQhW3f4V0SBShxoZasiHg1ZPXSfO6glEFP96Ua3d5HEVwBs7BJcDgFtTAA6iDBqDgBbyBD/DpvDrvzpczXbQWnHzmFPyB8/MLv4Wgzg==</latexit><latexit sha1_base64="oshCP/8CAkdCMeLLV4aknHo93iE=">AAACIXicbVDLSgMxFM3UV62vUZdugkUQhJKIYJdFNy4r2Ae0Q8lk0jY0kxmSjFBm+itu/BU3LhTpTvwZ03YWtfVA4Nxz7uXmHj8WXBuEvp3CxubW9k5xt7S3f3B45B6fNHWUKMoaNBKRavtEM8ElaxhuBGvHipHQF6zlj+5nfuuZKc0j+WTGMfNCMpC8zykxVuq5VZIhBLuKyIFg8Ar6GcJLJc3wshtkGOdVzy2jCpoDrhOckzLIUe+5024Q0SRk0lBBtO5gFBsvJcpwKtik1E00iwkdkQHrWCpJyLSXzi+cwAurBLAfKfukgXN1eSIlodbj0LedITFDverNxP+8TmL6VS/lMk4Mk3SxqJ8IaCI4iwsGXDFqxNgSQhW3f4V0SBShxoZasiHg1ZPXSfO6glEFP96Ua3d5HEVwBs7BJcDgFtTAA6iDBqDgBbyBD/DpvDrvzpczXbQWnHzmFPyB8/MLv4Wgzg==</latexit>

So if I were to measure the state

I would get outcome 1 with probability
|a|2 + |b|2

<latexit sha1_base64="0Uc1UcOCIrG0wJVDY7kAnWXqK0w=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIsgCGWmCLosunFZwT6gHUsmzbShSWZMMoUy7Xe4caGIWz/GnX9j2s5CWw9c7uGce8nNCWLOtHHdbye3tr6xuZXfLuzs7u0fFA+PGjpKFKF1EvFItQKsKWeS1g0znLZiRbEIOG0Gw9uZ3xxRpVkkH8w4pr7AfclCRrCxkj/Bk8cKukCTwPZuseSW3TnQKvEyUoIMtW7xq9OLSCKoNIRjrdueGxs/xcowwum00Ek0jTEZ4j5tWyqxoNpP50dP0ZlVeiiMlC1p0Fz9vZFiofVYBHZSYDPQy95M/M9rJya89lMm48RQSRYPhQlHJkKzBFCPKUoMH1uCiWL2VkQGWGFibE4FG4K3/OVV0qiUPbfs3V+WqjdZHHk4gVM4Bw+uoAp3UIM6EHiCZ3iFN2fkvDjvzsdiNOdkO8fwB87nD3SckTo=</latexit><latexit sha1_base64="0Uc1UcOCIrG0wJVDY7kAnWXqK0w=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIsgCGWmCLosunFZwT6gHUsmzbShSWZMMoUy7Xe4caGIWz/GnX9j2s5CWw9c7uGce8nNCWLOtHHdbye3tr6xuZXfLuzs7u0fFA+PGjpKFKF1EvFItQKsKWeS1g0znLZiRbEIOG0Gw9uZ3xxRpVkkH8w4pr7AfclCRrCxkj/Bk8cKukCTwPZuseSW3TnQKvEyUoIMtW7xq9OLSCKoNIRjrdueGxs/xcowwum00Ek0jTEZ4j5tWyqxoNpP50dP0ZlVeiiMlC1p0Fz9vZFiofVYBHZSYDPQy95M/M9rJya89lMm48RQSRYPhQlHJkKzBFCPKUoMH1uCiWL2VkQGWGFibE4FG4K3/OVV0qiUPbfs3V+WqjdZHHk4gVM4Bw+uoAp3UIM6EHiCZ3iFN2fkvDjvzsdiNOdkO8fwB87nD3SckTo=</latexit><latexit sha1_base64="0Uc1UcOCIrG0wJVDY7kAnWXqK0w=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIsgCGWmCLosunFZwT6gHUsmzbShSWZMMoUy7Xe4caGIWz/GnX9j2s5CWw9c7uGce8nNCWLOtHHdbye3tr6xuZXfLuzs7u0fFA+PGjpKFKF1EvFItQKsKWeS1g0znLZiRbEIOG0Gw9uZ3xxRpVkkH8w4pr7AfclCRrCxkj/Bk8cKukCTwPZuseSW3TnQKvEyUoIMtW7xq9OLSCKoNIRjrdueGxs/xcowwum00Ek0jTEZ4j5tWyqxoNpP50dP0ZlVeiiMlC1p0Fz9vZFiofVYBHZSYDPQy95M/M9rJya89lMm48RQSRYPhQlHJkKzBFCPKUoMH1uCiWL2VkQGWGFibE4FG4K3/OVV0qiUPbfs3V+WqjdZHHk4gVM4Bw+uoAp3UIM6EHiCZ3iFN2fkvDjvzsdiNOdkO8fwB87nD3SckTo=</latexit><latexit sha1_base64="0Uc1UcOCIrG0wJVDY7kAnWXqK0w=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIsgCGWmCLosunFZwT6gHUsmzbShSWZMMoUy7Xe4caGIWz/GnX9j2s5CWw9c7uGce8nNCWLOtHHdbye3tr6xuZXfLuzs7u0fFA+PGjpKFKF1EvFItQKsKWeS1g0znLZiRbEIOG0Gw9uZ3xxRpVkkH8w4pr7AfclCRrCxkj/Bk8cKukCTwPZuseSW3TnQKvEyUoIMtW7xq9OLSCKoNIRjrdueGxs/xcowwum00Ek0jTEZ4j5tWyqxoNpP50dP0ZlVeiiMlC1p0Fz9vZFiofVYBHZSYDPQy95M/M9rJya89lMm48RQSRYPhQlHJkKzBFCPKUoMH1uCiWL2VkQGWGFibE4FG4K3/OVV0qiUPbfs3V+WqjdZHHk4gVM4Bw+uoAp3UIM6EHiCZ3iFN2fkvDjvzsdiNOdkO8fwB87nD3SckTo=</latexit>

And my new state would be
1p

|a|2 + |b|2
(a|00i+ b|01i)

<latexit sha1_base64="PGLrLNpcXBILYk1i14k6YJ8A4qE=">AAACJHicbVDLSgMxFM34rPVVdekmWARFKJkiKLgpunFZwVahU8udNFODmcyYZIQyMx/jxl9x48IHLtz4LaYPQa0HQk7OuZebe/xYcG0I+XCmpmdm5+YLC8XFpeWV1dLaelNHiaKsQSMRqUsfNBNcsobhRrDLWDEIfcEu/JuTgX9xx5TmkTw3/Zi1Q+hJHnAKxkqd0pEXKKCpm6eevlUmzSC7quI9nPn2zvMdyAjBngLZE8zKfkbc7+dup1QmFTIEniTumJTRGPVO6dXrRjQJmTRUgNYtl8SmnYIynAqWF71EsxjoDfRYy1IJIdPtdLhkjret0sVBpOyRBg/Vnx0phFr3Q99WhmCu9V9vIP7ntRITHLZTLuPEMElHg4JEYBPhQWK4yxWjRvQtAaq4/Sum12BTMzbXog3B/bvyJGlWKy6puGf75drxOI4C2kRbaAe56ADV0Cmqowai6B49omf04jw4T86b8z4qnXLGPRvoF5zPL8FPo5A=</latexit><latexit sha1_base64="PGLrLNpcXBILYk1i14k6YJ8A4qE=">AAACJHicbVDLSgMxFM34rPVVdekmWARFKJkiKLgpunFZwVahU8udNFODmcyYZIQyMx/jxl9x48IHLtz4LaYPQa0HQk7OuZebe/xYcG0I+XCmpmdm5+YLC8XFpeWV1dLaelNHiaKsQSMRqUsfNBNcsobhRrDLWDEIfcEu/JuTgX9xx5TmkTw3/Zi1Q+hJHnAKxkqd0pEXKKCpm6eevlUmzSC7quI9nPn2zvMdyAjBngLZE8zKfkbc7+dup1QmFTIEniTumJTRGPVO6dXrRjQJmTRUgNYtl8SmnYIynAqWF71EsxjoDfRYy1IJIdPtdLhkjret0sVBpOyRBg/Vnx0phFr3Q99WhmCu9V9vIP7ntRITHLZTLuPEMElHg4JEYBPhQWK4yxWjRvQtAaq4/Sum12BTMzbXog3B/bvyJGlWKy6puGf75drxOI4C2kRbaAe56ADV0Cmqowai6B49omf04jw4T86b8z4qnXLGPRvoF5zPL8FPo5A=</latexit><latexit sha1_base64="PGLrLNpcXBILYk1i14k6YJ8A4qE=">AAACJHicbVDLSgMxFM34rPVVdekmWARFKJkiKLgpunFZwVahU8udNFODmcyYZIQyMx/jxl9x48IHLtz4LaYPQa0HQk7OuZebe/xYcG0I+XCmpmdm5+YLC8XFpeWV1dLaelNHiaKsQSMRqUsfNBNcsobhRrDLWDEIfcEu/JuTgX9xx5TmkTw3/Zi1Q+hJHnAKxkqd0pEXKKCpm6eevlUmzSC7quI9nPn2zvMdyAjBngLZE8zKfkbc7+dup1QmFTIEniTumJTRGPVO6dXrRjQJmTRUgNYtl8SmnYIynAqWF71EsxjoDfRYy1IJIdPtdLhkjret0sVBpOyRBg/Vnx0phFr3Q99WhmCu9V9vIP7ntRITHLZTLuPEMElHg4JEYBPhQWK4yxWjRvQtAaq4/Sum12BTMzbXog3B/bvyJGlWKy6puGf75drxOI4C2kRbaAe56ADV0Cmqowai6B49omf04jw4T86b8z4qnXLGPRvoF5zPL8FPo5A=</latexit><latexit sha1_base64="PGLrLNpcXBILYk1i14k6YJ8A4qE=">AAACJHicbVDLSgMxFM34rPVVdekmWARFKJkiKLgpunFZwVahU8udNFODmcyYZIQyMx/jxl9x48IHLtz4LaYPQa0HQk7OuZebe/xYcG0I+XCmpmdm5+YLC8XFpeWV1dLaelNHiaKsQSMRqUsfNBNcsobhRrDLWDEIfcEu/JuTgX9xx5TmkTw3/Zi1Q+hJHnAKxkqd0pEXKKCpm6eevlUmzSC7quI9nPn2zvMdyAjBngLZE8zKfkbc7+dup1QmFTIEniTumJTRGPVO6dXrRjQJmTRUgNYtl8SmnYIynAqWF71EsxjoDfRYy1IJIdPtdLhkjret0sVBpOyRBg/Vnx0phFr3Q99WhmCu9V9vIP7ntRITHLZTLuPEMElHg4JEYBPhQWK4yxWjRvQtAaq4/Sum12BTMzbXog3B/bvyJGlWKy6puGf75drxOI4C2kRbaAe56ADV0Cmqowai6B49omf04jw4T86b8z4qnXLGPRvoF5zPL8FPo5A=</latexit>

Had I started with
The measurement will always give outcome 1 

and the state remains unchanged

↵|00i+ �|01i
<latexit sha1_base64="dFDWak0QoV0PZLkSKl3FQ0xllNs=">AAACD3icbZBNSwMxEIazftb6VfXoJVgUQSi7Iuix6MVjBfsB3VJm02kbms0uSVYoa/+BF/+KFw+KePXqzX9j2q6grS8EXp6ZYTJvEAuujet+OQuLS8srq7m1/PrG5tZ2YWe3pqNEMayySESqEYBGwSVWDTcCG7FCCAOB9WBwNa7X71BpHslbM4yxFUJP8i5nYCxqF458EHEf6L3rUl+B7AmkJ9QP0IyZ98PahaJbciei88bLTJFkqrQLn34nYkmI0jABWjc9NzatFJThTOAo7ycaY2AD6GHTWgkh6lY6uWdEDy3p0G6k7JOGTujviRRCrYdhYDtDMH09WxvD/2rNxHQvWimXcWJQsumibiKoieg4HNrhCpkRQ2uAKW7/SlkfFDBjI8zbELzZk+dN7bTkuSXv5qxYvsziyJF9ckCOiUfOSZlckwqpEkYeyBN5Ia/Oo/PsvDnv09YFJ5vZI3/kfHwDHnuazw==</latexit><latexit sha1_base64="dFDWak0QoV0PZLkSKl3FQ0xllNs=">AAACD3icbZBNSwMxEIazftb6VfXoJVgUQSi7Iuix6MVjBfsB3VJm02kbms0uSVYoa/+BF/+KFw+KePXqzX9j2q6grS8EXp6ZYTJvEAuujet+OQuLS8srq7m1/PrG5tZ2YWe3pqNEMayySESqEYBGwSVWDTcCG7FCCAOB9WBwNa7X71BpHslbM4yxFUJP8i5nYCxqF458EHEf6L3rUl+B7AmkJ9QP0IyZ98PahaJbciei88bLTJFkqrQLn34nYkmI0jABWjc9NzatFJThTOAo7ycaY2AD6GHTWgkh6lY6uWdEDy3p0G6k7JOGTujviRRCrYdhYDtDMH09WxvD/2rNxHQvWimXcWJQsumibiKoieg4HNrhCpkRQ2uAKW7/SlkfFDBjI8zbELzZk+dN7bTkuSXv5qxYvsziyJF9ckCOiUfOSZlckwqpEkYeyBN5Ia/Oo/PsvDnv09YFJ5vZI3/kfHwDHnuazw==</latexit><latexit sha1_base64="dFDWak0QoV0PZLkSKl3FQ0xllNs=">AAACD3icbZBNSwMxEIazftb6VfXoJVgUQSi7Iuix6MVjBfsB3VJm02kbms0uSVYoa/+BF/+KFw+KePXqzX9j2q6grS8EXp6ZYTJvEAuujet+OQuLS8srq7m1/PrG5tZ2YWe3pqNEMayySESqEYBGwSVWDTcCG7FCCAOB9WBwNa7X71BpHslbM4yxFUJP8i5nYCxqF458EHEf6L3rUl+B7AmkJ9QP0IyZ98PahaJbciei88bLTJFkqrQLn34nYkmI0jABWjc9NzatFJThTOAo7ycaY2AD6GHTWgkh6lY6uWdEDy3p0G6k7JOGTujviRRCrYdhYDtDMH09WxvD/2rNxHQvWimXcWJQsumibiKoieg4HNrhCpkRQ2uAKW7/SlkfFDBjI8zbELzZk+dN7bTkuSXv5qxYvsziyJF9ckCOiUfOSZlckwqpEkYeyBN5Ia/Oo/PsvDnv09YFJ5vZI3/kfHwDHnuazw==</latexit><latexit sha1_base64="dFDWak0QoV0PZLkSKl3FQ0xllNs=">AAACD3icbZBNSwMxEIazftb6VfXoJVgUQSi7Iuix6MVjBfsB3VJm02kbms0uSVYoa/+BF/+KFw+KePXqzX9j2q6grS8EXp6ZYTJvEAuujet+OQuLS8srq7m1/PrG5tZ2YWe3pqNEMayySESqEYBGwSVWDTcCG7FCCAOB9WBwNa7X71BpHslbM4yxFUJP8i5nYCxqF458EHEf6L3rUl+B7AmkJ9QP0IyZ98PahaJbciei88bLTJFkqrQLn34nYkmI0jABWjc9NzatFJThTOAo7ycaY2AD6GHTWgkh6lY6uWdEDy3p0G6k7JOGTujviRRCrYdhYDtDMH09WxvD/2rNxHQvWimXcWJQsumibiKoieg4HNrhCpkRQ2uAKW7/SlkfFDBjI8zbELzZk+dN7bTkuSXv5qxYvsziyJF9ckCOiUfOSZlckwqpEkYeyBN5Ia/Oo/PsvDnv09YFJ5vZI3/kfHwDHnuazw==</latexit>



Our first error correcting code

Now let’s divide the 8-dimensional space of 3 qubits

span(|100i,
|011i)

<latexit sha1_base64="6dpcp8omRIhUQhg45NvX83o1ha0=">AAACJ3icbVDLSgMxFM34dnxVXboJFkFBSiKCrkR041LBqtAp5U56W4OZzJBkhDLt37jxV9wIKqJL/8S0zsLXhcDJOffc5J44U9I6xt6DsfGJyanpmdlwbn5hcamyvHJh09wIrItUpeYqBotKaqw76RReZQYhiRVexjfHQ/3yFo2VqT53vQybCXS17EgBzlOtykEUY1fqAoyB3qAQg9BmoDf7nLHIgO4q3KZRFPYZ5+V9K4xQt0tDq1JlNTYq+hfwElRJWaetylPUTkWeoHZCgbUNzjLX9NOcFAoHYZRbzEDcQBcbHmpI0DaL0Z4DuuGZNu2kxh/t6Ij97iggsbaXxL4zAXdtf2tD8j+tkbvOfrOQOssdavH1UCdX1KV0GBptS4PCqZ4HIIz0f6XiGgwI56MNfQj898p/wcVOjbMaP9utHh6VccyQNbJONgkne+SQnJBTUieC3JEH8kxegvvgMXgN3r5ax4LSs0p+VPDxCTNzpX4=</latexit><latexit sha1_base64="6dpcp8omRIhUQhg45NvX83o1ha0=">AAACJ3icbVDLSgMxFM34dnxVXboJFkFBSiKCrkR041LBqtAp5U56W4OZzJBkhDLt37jxV9wIKqJL/8S0zsLXhcDJOffc5J44U9I6xt6DsfGJyanpmdlwbn5hcamyvHJh09wIrItUpeYqBotKaqw76RReZQYhiRVexjfHQ/3yFo2VqT53vQybCXS17EgBzlOtykEUY1fqAoyB3qAQg9BmoDf7nLHIgO4q3KZRFPYZ5+V9K4xQt0tDq1JlNTYq+hfwElRJWaetylPUTkWeoHZCgbUNzjLX9NOcFAoHYZRbzEDcQBcbHmpI0DaL0Z4DuuGZNu2kxh/t6Ij97iggsbaXxL4zAXdtf2tD8j+tkbvOfrOQOssdavH1UCdX1KV0GBptS4PCqZ4HIIz0f6XiGgwI56MNfQj898p/wcVOjbMaP9utHh6VccyQNbJONgkne+SQnJBTUieC3JEH8kxegvvgMXgN3r5ax4LSs0p+VPDxCTNzpX4=</latexit><latexit sha1_base64="6dpcp8omRIhUQhg45NvX83o1ha0=">AAACJ3icbVDLSgMxFM34dnxVXboJFkFBSiKCrkR041LBqtAp5U56W4OZzJBkhDLt37jxV9wIKqJL/8S0zsLXhcDJOffc5J44U9I6xt6DsfGJyanpmdlwbn5hcamyvHJh09wIrItUpeYqBotKaqw76RReZQYhiRVexjfHQ/3yFo2VqT53vQybCXS17EgBzlOtykEUY1fqAoyB3qAQg9BmoDf7nLHIgO4q3KZRFPYZ5+V9K4xQt0tDq1JlNTYq+hfwElRJWaetylPUTkWeoHZCgbUNzjLX9NOcFAoHYZRbzEDcQBcbHmpI0DaL0Z4DuuGZNu2kxh/t6Ij97iggsbaXxL4zAXdtf2tD8j+tkbvOfrOQOssdavH1UCdX1KV0GBptS4PCqZ4HIIz0f6XiGgwI56MNfQj898p/wcVOjbMaP9utHh6VccyQNbJONgkne+SQnJBTUieC3JEH8kxegvvgMXgN3r5ax4LSs0p+VPDxCTNzpX4=</latexit><latexit sha1_base64="6dpcp8omRIhUQhg45NvX83o1ha0=">AAACJ3icbVDLSgMxFM34dnxVXboJFkFBSiKCrkR041LBqtAp5U56W4OZzJBkhDLt37jxV9wIKqJL/8S0zsLXhcDJOffc5J44U9I6xt6DsfGJyanpmdlwbn5hcamyvHJh09wIrItUpeYqBotKaqw76RReZQYhiRVexjfHQ/3yFo2VqT53vQybCXS17EgBzlOtykEUY1fqAoyB3qAQg9BmoDf7nLHIgO4q3KZRFPYZ5+V9K4xQt0tDq1JlNTYq+hfwElRJWaetylPUTkWeoHZCgbUNzjLX9NOcFAoHYZRbzEDcQBcbHmpI0DaL0Z4DuuGZNu2kxh/t6Ij97iggsbaXxL4zAXdtf2tD8j+tkbvOfrOQOssdavH1UCdX1KV0GBptS4PCqZ4HIIz0f6XiGgwI56MNfQj898p/wcVOjbMaP9utHh6VccyQNbJONgkne+SQnJBTUieC3JEH8kxegvvgMXgN3r5ax4LSs0p+VPDxCTNzpX4=</latexit>

span(|000i,
|111i)

<latexit sha1_base64="vZLDfLD2PuQjHCIPGi9wjsWGgY8=">AAACJ3icbVDLSgMxFM34dnxVXboJFkFBSiKCrkR041LBqtAp5U56W4OZzJBkhDLt37jxV9wIKqJL/8S0zsLXhcDJOffc5J44U9I6xt6DsfGJyanpmdlwbn5hcamyvHJh09wIrItUpeYqBotKaqw76RReZQYhiRVexjfHQ/3yFo2VqT53vQybCXS17EgBzlOtykEUY1fqAoyB3qAQg9BmoDf7jLHIgO4q3KZRFPY55+V9K4xQt0tDq1JlNTYq+hfwElRJWaetylPUTkWeoHZCgbUNzjLX9NOcFAoHYZRbzEDcQBcbHmpI0DaL0Z4DuuGZNu2kxh/t6Ij97iggsbaXxL4zAXdtf2tD8j+tkbvOfrOQOssdavH1UCdX1KV0GBptS4PCqZ4HIIz0f6XiGgwI56MNfQj898p/wcVOjbMaP9utHh6VccyQNbJONgkne+SQnJBTUieC3JEH8kxegvvgMXgN3r5ax4LSs0p+VPDxCTNjpX4=</latexit><latexit sha1_base64="vZLDfLD2PuQjHCIPGi9wjsWGgY8=">AAACJ3icbVDLSgMxFM34dnxVXboJFkFBSiKCrkR041LBqtAp5U56W4OZzJBkhDLt37jxV9wIKqJL/8S0zsLXhcDJOffc5J44U9I6xt6DsfGJyanpmdlwbn5hcamyvHJh09wIrItUpeYqBotKaqw76RReZQYhiRVexjfHQ/3yFo2VqT53vQybCXS17EgBzlOtykEUY1fqAoyB3qAQg9BmoDf7jLHIgO4q3KZRFPY55+V9K4xQt0tDq1JlNTYq+hfwElRJWaetylPUTkWeoHZCgbUNzjLX9NOcFAoHYZRbzEDcQBcbHmpI0DaL0Z4DuuGZNu2kxh/t6Ij97iggsbaXxL4zAXdtf2tD8j+tkbvOfrOQOssdavH1UCdX1KV0GBptS4PCqZ4HIIz0f6XiGgwI56MNfQj898p/wcVOjbMaP9utHh6VccyQNbJONgkne+SQnJBTUieC3JEH8kxegvvgMXgN3r5ax4LSs0p+VPDxCTNjpX4=</latexit><latexit sha1_base64="vZLDfLD2PuQjHCIPGi9wjsWGgY8=">AAACJ3icbVDLSgMxFM34dnxVXboJFkFBSiKCrkR041LBqtAp5U56W4OZzJBkhDLt37jxV9wIKqJL/8S0zsLXhcDJOffc5J44U9I6xt6DsfGJyanpmdlwbn5hcamyvHJh09wIrItUpeYqBotKaqw76RReZQYhiRVexjfHQ/3yFo2VqT53vQybCXS17EgBzlOtykEUY1fqAoyB3qAQg9BmoDf7jLHIgO4q3KZRFPY55+V9K4xQt0tDq1JlNTYq+hfwElRJWaetylPUTkWeoHZCgbUNzjLX9NOcFAoHYZRbzEDcQBcbHmpI0DaL0Z4DuuGZNu2kxh/t6Ij97iggsbaXxL4zAXdtf2tD8j+tkbvOfrOQOssdavH1UCdX1KV0GBptS4PCqZ4HIIz0f6XiGgwI56MNfQj898p/wcVOjbMaP9utHh6VccyQNbJONgkne+SQnJBTUieC3JEH8kxegvvgMXgN3r5ax4LSs0p+VPDxCTNjpX4=</latexit><latexit sha1_base64="vZLDfLD2PuQjHCIPGi9wjsWGgY8=">AAACJ3icbVDLSgMxFM34dnxVXboJFkFBSiKCrkR041LBqtAp5U56W4OZzJBkhDLt37jxV9wIKqJL/8S0zsLXhcDJOffc5J44U9I6xt6DsfGJyanpmdlwbn5hcamyvHJh09wIrItUpeYqBotKaqw76RReZQYhiRVexjfHQ/3yFo2VqT53vQybCXS17EgBzlOtykEUY1fqAoyB3qAQg9BmoDf7jLHIgO4q3KZRFPY55+V9K4xQt0tDq1JlNTYq+hfwElRJWaetylPUTkWeoHZCgbUNzjLX9NOcFAoHYZRbzEDcQBcbHmpI0DaL0Z4DuuGZNu2kxh/t6Ij97iggsbaXxL4zAXdtf2tD8j+tkbvOfrOQOssdavH1UCdX1KV0GBptS4PCqZ4HIIz0f6XiGgwI56MNfQj898p/wcVOjbMaP9utHh6VccyQNbJONgkne+SQnJBTUieC3JEH8kxegvvgMXgN3r5ax4LSs0p+VPDxCTNjpX4=</latexit>

span(|010i,
|101i)

<latexit sha1_base64="K6+uqTiPldzlzndn661XzoVw8mE=">AAACJ3icbVDLSgMxFM34dnxVXboJFkFBSiKCrkR041LBqtAp5U56W4OZzJBkhDLt37jxV9wIKqJL/8S0zsLXhcDJOffc5J44U9I6xt6DsfGJyanpmdlwbn5hcamyvHJh09wIrItUpeYqBotKaqw76RReZQYhiRVexjfHQ/3yFo2VqT53vQybCXS17EgBzlOtykEUY1fqAoyB3qAQg9BmoDf7jLPIgO4q3KZRFPY54+V9K4xQt0tDq1JlNTYq+hfwElRJWaetylPUTkWeoHZCgbUNzjLX9NOcFAoHYZRbzEDcQBcbHmpI0DaL0Z4DuuGZNu2kxh/t6Ij97iggsbaXxL4zAXdtf2tD8j+tkbvOfrOQOssdavH1UCdX1KV0GBptS4PCqZ4HIIz0f6XiGgwI56MNfQj898p/wcVOjbMaP9utHh6VccyQNbJONgkne+SQnJBTUieC3JEH8kxegvvgMXgN3r5ax4LSs0p+VPDxCTNzpX4=</latexit><latexit sha1_base64="K6+uqTiPldzlzndn661XzoVw8mE=">AAACJ3icbVDLSgMxFM34dnxVXboJFkFBSiKCrkR041LBqtAp5U56W4OZzJBkhDLt37jxV9wIKqJL/8S0zsLXhcDJOffc5J44U9I6xt6DsfGJyanpmdlwbn5hcamyvHJh09wIrItUpeYqBotKaqw76RReZQYhiRVexjfHQ/3yFo2VqT53vQybCXS17EgBzlOtykEUY1fqAoyB3qAQg9BmoDf7jLPIgO4q3KZRFPY54+V9K4xQt0tDq1JlNTYq+hfwElRJWaetylPUTkWeoHZCgbUNzjLX9NOcFAoHYZRbzEDcQBcbHmpI0DaL0Z4DuuGZNu2kxh/t6Ij97iggsbaXxL4zAXdtf2tD8j+tkbvOfrOQOssdavH1UCdX1KV0GBptS4PCqZ4HIIz0f6XiGgwI56MNfQj898p/wcVOjbMaP9utHh6VccyQNbJONgkne+SQnJBTUieC3JEH8kxegvvgMXgN3r5ax4LSs0p+VPDxCTNzpX4=</latexit><latexit sha1_base64="K6+uqTiPldzlzndn661XzoVw8mE=">AAACJ3icbVDLSgMxFM34dnxVXboJFkFBSiKCrkR041LBqtAp5U56W4OZzJBkhDLt37jxV9wIKqJL/8S0zsLXhcDJOffc5J44U9I6xt6DsfGJyanpmdlwbn5hcamyvHJh09wIrItUpeYqBotKaqw76RReZQYhiRVexjfHQ/3yFo2VqT53vQybCXS17EgBzlOtykEUY1fqAoyB3qAQg9BmoDf7jLPIgO4q3KZRFPY54+V9K4xQt0tDq1JlNTYq+hfwElRJWaetylPUTkWeoHZCgbUNzjLX9NOcFAoHYZRbzEDcQBcbHmpI0DaL0Z4DuuGZNu2kxh/t6Ij97iggsbaXxL4zAXdtf2tD8j+tkbvOfrOQOssdavH1UCdX1KV0GBptS4PCqZ4HIIz0f6XiGgwI56MNfQj898p/wcVOjbMaP9utHh6VccyQNbJONgkne+SQnJBTUieC3JEH8kxegvvgMXgN3r5ax4LSs0p+VPDxCTNzpX4=</latexit><latexit sha1_base64="K6+uqTiPldzlzndn661XzoVw8mE=">AAACJ3icbVDLSgMxFM34dnxVXboJFkFBSiKCrkR041LBqtAp5U56W4OZzJBkhDLt37jxV9wIKqJL/8S0zsLXhcDJOffc5J44U9I6xt6DsfGJyanpmdlwbn5hcamyvHJh09wIrItUpeYqBotKaqw76RReZQYhiRVexjfHQ/3yFo2VqT53vQybCXS17EgBzlOtykEUY1fqAoyB3qAQg9BmoDf7jLPIgO4q3KZRFPY54+V9K4xQt0tDq1JlNTYq+hfwElRJWaetylPUTkWeoHZCgbUNzjLX9NOcFAoHYZRbzEDcQBcbHmpI0DaL0Z4DuuGZNu2kxh/t6Ij97iggsbaXxL4zAXdtf2tD8j+tkbvOfrOQOssdavH1UCdX1KV0GBptS4PCqZ4HIIz0f6XiGgwI56MNfQj898p/wcVOjbMaP9utHh6VccyQNbJONgkne+SQnJBTUieC3JEH8kxegvvgMXgN3r5ax4LSs0p+VPDxCTNzpX4=</latexit>

span(|001i,
|110i)

<latexit sha1_base64="5P1/cilTtYgPw1XUDgIFaUJMzEo=">AAACJ3icbVDLSgMxFM34dnxVXboJFkFBSiKCrkR041LBqtAp5U56W4OZzJBkhDLt37jxV9wIKqJL/8S0zsLXhcDJOffc5J44U9I6xt6DsfGJyanpmdlwbn5hcamyvHJh09wIrItUpeYqBotKaqw76RReZQYhiRVexjfHQ/3yFo2VqT53vQybCXS17EgBzlOtykEUY1fqAoyB3qAQg9BmoDf7jPHIgO4q3KZRFPY5Z+V9K4xQt0tDq1JlNTYq+hfwElRJWaetylPUTkWeoHZCgbUNzjLX9NOcFAoHYZRbzEDcQBcbHmpI0DaL0Z4DuuGZNu2kxh/t6Ij97iggsbaXxL4zAXdtf2tD8j+tkbvOfrOQOssdavH1UCdX1KV0GBptS4PCqZ4HIIz0f6XiGgwI56MNfQj898p/wcVOjbMaP9utHh6VccyQNbJONgkne+SQnJBTUieC3JEH8kxegvvgMXgN3r5ax4LSs0p+VPDxCTNzpX4=</latexit><latexit sha1_base64="5P1/cilTtYgPw1XUDgIFaUJMzEo=">AAACJ3icbVDLSgMxFM34dnxVXboJFkFBSiKCrkR041LBqtAp5U56W4OZzJBkhDLt37jxV9wIKqJL/8S0zsLXhcDJOffc5J44U9I6xt6DsfGJyanpmdlwbn5hcamyvHJh09wIrItUpeYqBotKaqw76RReZQYhiRVexjfHQ/3yFo2VqT53vQybCXS17EgBzlOtykEUY1fqAoyB3qAQg9BmoDf7jPHIgO4q3KZRFPY5Z+V9K4xQt0tDq1JlNTYq+hfwElRJWaetylPUTkWeoHZCgbUNzjLX9NOcFAoHYZRbzEDcQBcbHmpI0DaL0Z4DuuGZNu2kxh/t6Ij97iggsbaXxL4zAXdtf2tD8j+tkbvOfrOQOssdavH1UCdX1KV0GBptS4PCqZ4HIIz0f6XiGgwI56MNfQj898p/wcVOjbMaP9utHh6VccyQNbJONgkne+SQnJBTUieC3JEH8kxegvvgMXgN3r5ax4LSs0p+VPDxCTNzpX4=</latexit><latexit sha1_base64="5P1/cilTtYgPw1XUDgIFaUJMzEo=">AAACJ3icbVDLSgMxFM34dnxVXboJFkFBSiKCrkR041LBqtAp5U56W4OZzJBkhDLt37jxV9wIKqJL/8S0zsLXhcDJOffc5J44U9I6xt6DsfGJyanpmdlwbn5hcamyvHJh09wIrItUpeYqBotKaqw76RReZQYhiRVexjfHQ/3yFo2VqT53vQybCXS17EgBzlOtykEUY1fqAoyB3qAQg9BmoDf7jPHIgO4q3KZRFPY5Z+V9K4xQt0tDq1JlNTYq+hfwElRJWaetylPUTkWeoHZCgbUNzjLX9NOcFAoHYZRbzEDcQBcbHmpI0DaL0Z4DuuGZNu2kxh/t6Ij97iggsbaXxL4zAXdtf2tD8j+tkbvOfrOQOssdavH1UCdX1KV0GBptS4PCqZ4HIIz0f6XiGgwI56MNfQj898p/wcVOjbMaP9utHh6VccyQNbJONgkne+SQnJBTUieC3JEH8kxegvvgMXgN3r5ax4LSs0p+VPDxCTNzpX4=</latexit><latexit sha1_base64="5P1/cilTtYgPw1XUDgIFaUJMzEo=">AAACJ3icbVDLSgMxFM34dnxVXboJFkFBSiKCrkR041LBqtAp5U56W4OZzJBkhDLt37jxV9wIKqJL/8S0zsLXhcDJOffc5J44U9I6xt6DsfGJyanpmdlwbn5hcamyvHJh09wIrItUpeYqBotKaqw76RReZQYhiRVexjfHQ/3yFo2VqT53vQybCXS17EgBzlOtykEUY1fqAoyB3qAQg9BmoDf7jPHIgO4q3KZRFPY5Z+V9K4xQt0tDq1JlNTYq+hfwElRJWaetylPUTkWeoHZCgbUNzjLX9NOcFAoHYZRbzEDcQBcbHmpI0DaL0Z4DuuGZNu2kxh/t6Ij97iggsbaXxL4zAXdtf2tD8j+tkbvOfrOQOssdavH1UCdX1KV0GBptS4PCqZ4HIIz0f6XiGgwI56MNfQj898p/wcVOjbMaP9utHh6VccyQNbJONgkne+SQnJBTUieC3JEH8kxegvvgMXgN3r5ax4LSs0p+VPDxCTNzpX4=</latexit>

All of these subspaces are 2-dimensional
What lives in a 2-dimensional subspace?



Our first error correcting code

The logical qubit

| i = a|000i+ b|111i
<latexit sha1_base64="wLH21pUZn4JyNedRcjACEyA1wwA=">AAACGHicbVDLSgMxFM3UV62vUZdugkUQhJqIoBuh6MZlBfuAdiiZNNOGZjJDkhHKtJ/hxl9x40IRt935N6btKNp64MLJOfeSe48fC64NQp9Obml5ZXUtv17Y2Nza3nF392o6ShRlVRqJSDV8opngklUNN4I1YsVI6AtW9/s3E7/+wJTmkbw3g5h5IelKHnBKjJXa7ukQtmLNYUsR2RUMXkEyRAj9vE+gD4cY42+h7RZRCU0BFwnOSBFkqLTdcasT0SRk0lBBtG5iFBsvJcpwKtio0Eo0iwntky5rWipJyLSXTg8bwSOrdGAQKVvSwKn6eyIlodaD0LedITE9Pe9NxP+8ZmKCSy/lMk4Mk3T2UZAIaCI4SQl2uGLUiIElhCpud4W0RxShxmZZsCHg+ZMXSe2shFEJ350Xy9dZHHlwAA7BMcDgApTBLaiAKqDgETyDV/DmPDkvzrvzMWvNOdnMPvgDZ/wFf+6dig==</latexit><latexit sha1_base64="wLH21pUZn4JyNedRcjACEyA1wwA=">AAACGHicbVDLSgMxFM3UV62vUZdugkUQhJqIoBuh6MZlBfuAdiiZNNOGZjJDkhHKtJ/hxl9x40IRt935N6btKNp64MLJOfeSe48fC64NQp9Obml5ZXUtv17Y2Nza3nF392o6ShRlVRqJSDV8opngklUNN4I1YsVI6AtW9/s3E7/+wJTmkbw3g5h5IelKHnBKjJXa7ukQtmLNYUsR2RUMXkEyRAj9vE+gD4cY42+h7RZRCU0BFwnOSBFkqLTdcasT0SRk0lBBtG5iFBsvJcpwKtio0Eo0iwntky5rWipJyLSXTg8bwSOrdGAQKVvSwKn6eyIlodaD0LedITE9Pe9NxP+8ZmKCSy/lMk4Mk3T2UZAIaCI4SQl2uGLUiIElhCpud4W0RxShxmZZsCHg+ZMXSe2shFEJ350Xy9dZHHlwAA7BMcDgApTBLaiAKqDgETyDV/DmPDkvzrvzMWvNOdnMPvgDZ/wFf+6dig==</latexit><latexit sha1_base64="wLH21pUZn4JyNedRcjACEyA1wwA=">AAACGHicbVDLSgMxFM3UV62vUZdugkUQhJqIoBuh6MZlBfuAdiiZNNOGZjJDkhHKtJ/hxl9x40IRt935N6btKNp64MLJOfeSe48fC64NQp9Obml5ZXUtv17Y2Nza3nF392o6ShRlVRqJSDV8opngklUNN4I1YsVI6AtW9/s3E7/+wJTmkbw3g5h5IelKHnBKjJXa7ukQtmLNYUsR2RUMXkEyRAj9vE+gD4cY42+h7RZRCU0BFwnOSBFkqLTdcasT0SRk0lBBtG5iFBsvJcpwKtio0Eo0iwntky5rWipJyLSXTg8bwSOrdGAQKVvSwKn6eyIlodaD0LedITE9Pe9NxP+8ZmKCSy/lMk4Mk3T2UZAIaCI4SQl2uGLUiIElhCpud4W0RxShxmZZsCHg+ZMXSe2shFEJ350Xy9dZHHlwAA7BMcDgApTBLaiAKqDgETyDV/DmPDkvzrvzMWvNOdnMPvgDZ/wFf+6dig==</latexit><latexit sha1_base64="wLH21pUZn4JyNedRcjACEyA1wwA=">AAACGHicbVDLSgMxFM3UV62vUZdugkUQhJqIoBuh6MZlBfuAdiiZNNOGZjJDkhHKtJ/hxl9x40IRt935N6btKNp64MLJOfeSe48fC64NQp9Obml5ZXUtv17Y2Nza3nF392o6ShRlVRqJSDV8opngklUNN4I1YsVI6AtW9/s3E7/+wJTmkbw3g5h5IelKHnBKjJXa7ukQtmLNYUsR2RUMXkEyRAj9vE+gD4cY42+h7RZRCU0BFwnOSBFkqLTdcasT0SRk0lBBtG5iFBsvJcpwKtio0Eo0iwntky5rWipJyLSXTg8bwSOrdGAQKVvSwKn6eyIlodaD0LedITE9Pe9NxP+8ZmKCSy/lMk4Mk3T2UZAIaCI4SQl2uGLUiIElhCpud4W0RxShxmZZsCHg+ZMXSe2shFEJ350Xy9dZHHlwAA7BMcDgApTBLaiAKqDgETyDV/DmPDkvzrvzMWvNOdnMPvgDZ/wFf+6dig==</latexit>

X ⌦ I ⌦ I| i = a|100i+ b|011i
<latexit sha1_base64="CX+OaHgKfZur2zaWXT0JhYkRU/E=">AAACLnicbVDLSgMxFM3UV62vUZdugkUQhJKIoBuhKILuKtgHdErJpJk2NJMZkoxQpv0iN/6KLgQVcetnmD6U2nogcHLOvdx7jx8Lrg1Cr05mYXFpeSW7mltb39jccrd3KjpKFGVlGolI1XyimeCSlQ03gtVixUjoC1b1u5dDv3rPlOaRvDO9mDVC0pY84JQYKzXdqxr0IsNDpuHNFOtDL9YceorItmDwHJI+Ruj3fwR92EcY/whNN48KaAQ4T/CE5MEEpab77LUimoRMGiqI1nWMYtNIiTKcCjbIeYlmMaFd0mZ1SyWxazXS0bkDeGCVFgwiZZ80cKROd6Qk1LoX+rYyJKajZ72h+J9XT0xw1ki5jBPDJB0PChIBTQSH2cEWV4wa0bOEUMXtrpB2iCLU2IRzNgQ8e/I8qRwXMCrg25N88WISRxbsgX1wCDA4BUVwDUqgDCh4AE/gDbw7j86L8+F8jkszzqRnF/yB8/UNmAGlyg==</latexit><latexit sha1_base64="CX+OaHgKfZur2zaWXT0JhYkRU/E=">AAACLnicbVDLSgMxFM3UV62vUZdugkUQhJKIoBuhKILuKtgHdErJpJk2NJMZkoxQpv0iN/6KLgQVcetnmD6U2nogcHLOvdx7jx8Lrg1Cr05mYXFpeSW7mltb39jccrd3KjpKFGVlGolI1XyimeCSlQ03gtVixUjoC1b1u5dDv3rPlOaRvDO9mDVC0pY84JQYKzXdqxr0IsNDpuHNFOtDL9YceorItmDwHJI+Ruj3fwR92EcY/whNN48KaAQ4T/CE5MEEpab77LUimoRMGiqI1nWMYtNIiTKcCjbIeYlmMaFd0mZ1SyWxazXS0bkDeGCVFgwiZZ80cKROd6Qk1LoX+rYyJKajZ72h+J9XT0xw1ki5jBPDJB0PChIBTQSH2cEWV4wa0bOEUMXtrpB2iCLU2IRzNgQ8e/I8qRwXMCrg25N88WISRxbsgX1wCDA4BUVwDUqgDCh4AE/gDbw7j86L8+F8jkszzqRnF/yB8/UNmAGlyg==</latexit><latexit sha1_base64="CX+OaHgKfZur2zaWXT0JhYkRU/E=">AAACLnicbVDLSgMxFM3UV62vUZdugkUQhJKIoBuhKILuKtgHdErJpJk2NJMZkoxQpv0iN/6KLgQVcetnmD6U2nogcHLOvdx7jx8Lrg1Cr05mYXFpeSW7mltb39jccrd3KjpKFGVlGolI1XyimeCSlQ03gtVixUjoC1b1u5dDv3rPlOaRvDO9mDVC0pY84JQYKzXdqxr0IsNDpuHNFOtDL9YceorItmDwHJI+Ruj3fwR92EcY/whNN48KaAQ4T/CE5MEEpab77LUimoRMGiqI1nWMYtNIiTKcCjbIeYlmMaFd0mZ1SyWxazXS0bkDeGCVFgwiZZ80cKROd6Qk1LoX+rYyJKajZ72h+J9XT0xw1ki5jBPDJB0PChIBTQSH2cEWV4wa0bOEUMXtrpB2iCLU2IRzNgQ8e/I8qRwXMCrg25N88WISRxbsgX1wCDA4BUVwDUqgDCh4AE/gDbw7j86L8+F8jkszzqRnF/yB8/UNmAGlyg==</latexit><latexit sha1_base64="CX+OaHgKfZur2zaWXT0JhYkRU/E=">AAACLnicbVDLSgMxFM3UV62vUZdugkUQhJKIoBuhKILuKtgHdErJpJk2NJMZkoxQpv0iN/6KLgQVcetnmD6U2nogcHLOvdx7jx8Lrg1Cr05mYXFpeSW7mltb39jccrd3KjpKFGVlGolI1XyimeCSlQ03gtVixUjoC1b1u5dDv3rPlOaRvDO9mDVC0pY84JQYKzXdqxr0IsNDpuHNFOtDL9YceorItmDwHJI+Ruj3fwR92EcY/whNN48KaAQ4T/CE5MEEpab77LUimoRMGiqI1nWMYtNIiTKcCjbIeYlmMaFd0mZ1SyWxazXS0bkDeGCVFgwiZZ80cKROd6Qk1LoX+rYyJKajZ72h+J9XT0xw1ki5jBPDJB0PChIBTQSH2cEWV4wa0bOEUMXtrpB2iCLU2IRzNgQ8e/I8qRwXMCrg25N88WISRxbsgX1wCDA4BUVwDUqgDCh4AE/gDbw7j86L8+F8jkszzqRnF/yB8/UNmAGlyg==</latexit>

I ⌦X ⌦ I| i = a|010i+ b|101i
<latexit sha1_base64="C6kqoFHP25aDQWQK57ZIaFEhOU4=">AAACLnicbVDLSgMxFM34rPVVdenmYhEEoSQi6EYoimB3FawtdIaSSTM1mMkMSUYobb/Ijb+iC0FF3PoZprUWXwcCJ+fcy733hKkUxmL85E1Nz8zOzecW8otLyyurhbX1S5NkmvEaS2SiGyE1XArFa1ZYyRup5jQOJa+H1ydDv37DtRGJurDdlAcx7SgRCUatk1qF0wr4iRUxN9CYsAr0wU+NAF9T1ZEcjoD2McGT/y6E0CeYfAmtQhGX8Ajwl5AxKaIxqq3Cg99OWBZzZZmkxjQJTm3Qo9oKJvkg72eGp5Rd0w5vOqqoWyvojc4dwLZT2hAl2j1lYaR+7+jR2JhuHLrKmNor89sbiv95zcxGh0FPqDSzXLHPQVEmwSYwzA7aQnNmZdcRyrRwuwK7opoy6xLOuxDI75P/ksu9EsElcr5fLB+P48ihTbSFdhBBB6iMzlAV1RBDt+gePaMX78579F69t8/SKW/cs4F+wHv/AJdrpco=</latexit><latexit sha1_base64="C6kqoFHP25aDQWQK57ZIaFEhOU4=">AAACLnicbVDLSgMxFM34rPVVdenmYhEEoSQi6EYoimB3FawtdIaSSTM1mMkMSUYobb/Ijb+iC0FF3PoZprUWXwcCJ+fcy733hKkUxmL85E1Nz8zOzecW8otLyyurhbX1S5NkmvEaS2SiGyE1XArFa1ZYyRup5jQOJa+H1ydDv37DtRGJurDdlAcx7SgRCUatk1qF0wr4iRUxN9CYsAr0wU+NAF9T1ZEcjoD2McGT/y6E0CeYfAmtQhGX8Ajwl5AxKaIxqq3Cg99OWBZzZZmkxjQJTm3Qo9oKJvkg72eGp5Rd0w5vOqqoWyvojc4dwLZT2hAl2j1lYaR+7+jR2JhuHLrKmNor89sbiv95zcxGh0FPqDSzXLHPQVEmwSYwzA7aQnNmZdcRyrRwuwK7opoy6xLOuxDI75P/ksu9EsElcr5fLB+P48ihTbSFdhBBB6iMzlAV1RBDt+gePaMX78579F69t8/SKW/cs4F+wHv/AJdrpco=</latexit><latexit sha1_base64="C6kqoFHP25aDQWQK57ZIaFEhOU4=">AAACLnicbVDLSgMxFM34rPVVdenmYhEEoSQi6EYoimB3FawtdIaSSTM1mMkMSUYobb/Ijb+iC0FF3PoZprUWXwcCJ+fcy733hKkUxmL85E1Nz8zOzecW8otLyyurhbX1S5NkmvEaS2SiGyE1XArFa1ZYyRup5jQOJa+H1ydDv37DtRGJurDdlAcx7SgRCUatk1qF0wr4iRUxN9CYsAr0wU+NAF9T1ZEcjoD2McGT/y6E0CeYfAmtQhGX8Ajwl5AxKaIxqq3Cg99OWBZzZZmkxjQJTm3Qo9oKJvkg72eGp5Rd0w5vOqqoWyvojc4dwLZT2hAl2j1lYaR+7+jR2JhuHLrKmNor89sbiv95zcxGh0FPqDSzXLHPQVEmwSYwzA7aQnNmZdcRyrRwuwK7opoy6xLOuxDI75P/ksu9EsElcr5fLB+P48ihTbSFdhBBB6iMzlAV1RBDt+gePaMX78579F69t8/SKW/cs4F+wHv/AJdrpco=</latexit><latexit sha1_base64="C6kqoFHP25aDQWQK57ZIaFEhOU4=">AAACLnicbVDLSgMxFM34rPVVdenmYhEEoSQi6EYoimB3FawtdIaSSTM1mMkMSUYobb/Ijb+iC0FF3PoZprUWXwcCJ+fcy733hKkUxmL85E1Nz8zOzecW8otLyyurhbX1S5NkmvEaS2SiGyE1XArFa1ZYyRup5jQOJa+H1ydDv37DtRGJurDdlAcx7SgRCUatk1qF0wr4iRUxN9CYsAr0wU+NAF9T1ZEcjoD2McGT/y6E0CeYfAmtQhGX8Ajwl5AxKaIxqq3Cg99OWBZzZZmkxjQJTm3Qo9oKJvkg72eGp5Rd0w5vOqqoWyvojc4dwLZT2hAl2j1lYaR+7+jR2JhuHLrKmNor89sbiv95zcxGh0FPqDSzXLHPQVEmwSYwzA7aQnNmZdcRyrRwuwK7opoy6xLOuxDI75P/ksu9EsElcr5fLB+P48ihTbSFdhBBB6iMzlAV1RBDt+gePaMX78579F69t8/SKW/cs4F+wHv/AJdrpco=</latexit>

I ⌦ I ⌦X| i = a|001i+ b|110i
<latexit sha1_base64="4un4o98dk/wRprMzJa9RpcD+d98=">AAACLnicbVDLSgMxFM34tr5GXbq5WARBKIkIuhFEEXSnYGuhM5RMmmmDmcyQZITS+kVu/BVdCCri1s8wffisBwIn59zLvfdEmRTGYvzkjY1PTE5Nz8wW5uYXFpf85ZWKSXPNeJmlMtXViBouheJlK6zk1UxzmkSSX0ZXRz3/8pprI1J1YdsZDxPaVCIWjFon1f3jUwhSKxJu4JtVoQtBZgQEmqqm5LAPtIsx+fpvQQRdQvCnUPeLuIT7gFFChqSIhjir+w9BI2V5wpVlkhpTIzizYYdqK5jkN4UgNzyj7Io2ec1RRd1aYad/7g1sOKUBcardUxb66s+ODk2MaSeRq0yobZm/Xk/8z6vlNt4LO0JlueWKDQbFuQSbQi87aAjNmZVtRyjTwu0KrEU1ZdYlXHAhkL8nj5LKdongEjnfKR4cDuOYQWtoHW0ignbRATpBZ6iMGLpF9+gZvXh33qP36r0NSse8Yc8q+gXv/QOW1aXK</latexit><latexit sha1_base64="4un4o98dk/wRprMzJa9RpcD+d98=">AAACLnicbVDLSgMxFM34tr5GXbq5WARBKIkIuhFEEXSnYGuhM5RMmmmDmcyQZITS+kVu/BVdCCri1s8wffisBwIn59zLvfdEmRTGYvzkjY1PTE5Nz8wW5uYXFpf85ZWKSXPNeJmlMtXViBouheJlK6zk1UxzmkSSX0ZXRz3/8pprI1J1YdsZDxPaVCIWjFon1f3jUwhSKxJu4JtVoQtBZgQEmqqm5LAPtIsx+fpvQQRdQvCnUPeLuIT7gFFChqSIhjir+w9BI2V5wpVlkhpTIzizYYdqK5jkN4UgNzyj7Io2ec1RRd1aYad/7g1sOKUBcardUxb66s+ODk2MaSeRq0yobZm/Xk/8z6vlNt4LO0JlueWKDQbFuQSbQi87aAjNmZVtRyjTwu0KrEU1ZdYlXHAhkL8nj5LKdongEjnfKR4cDuOYQWtoHW0ignbRATpBZ6iMGLpF9+gZvXh33qP36r0NSse8Yc8q+gXv/QOW1aXK</latexit><latexit sha1_base64="4un4o98dk/wRprMzJa9RpcD+d98=">AAACLnicbVDLSgMxFM34tr5GXbq5WARBKIkIuhFEEXSnYGuhM5RMmmmDmcyQZITS+kVu/BVdCCri1s8wffisBwIn59zLvfdEmRTGYvzkjY1PTE5Nz8wW5uYXFpf85ZWKSXPNeJmlMtXViBouheJlK6zk1UxzmkSSX0ZXRz3/8pprI1J1YdsZDxPaVCIWjFon1f3jUwhSKxJu4JtVoQtBZgQEmqqm5LAPtIsx+fpvQQRdQvCnUPeLuIT7gFFChqSIhjir+w9BI2V5wpVlkhpTIzizYYdqK5jkN4UgNzyj7Io2ec1RRd1aYad/7g1sOKUBcardUxb66s+ODk2MaSeRq0yobZm/Xk/8z6vlNt4LO0JlueWKDQbFuQSbQi87aAjNmZVtRyjTwu0KrEU1ZdYlXHAhkL8nj5LKdongEjnfKR4cDuOYQWtoHW0ignbRATpBZ6iMGLpF9+gZvXh33qP36r0NSse8Yc8q+gXv/QOW1aXK</latexit><latexit sha1_base64="4un4o98dk/wRprMzJa9RpcD+d98=">AAACLnicbVDLSgMxFM34tr5GXbq5WARBKIkIuhFEEXSnYGuhM5RMmmmDmcyQZITS+kVu/BVdCCri1s8wffisBwIn59zLvfdEmRTGYvzkjY1PTE5Nz8wW5uYXFpf85ZWKSXPNeJmlMtXViBouheJlK6zk1UxzmkSSX0ZXRz3/8pprI1J1YdsZDxPaVCIWjFon1f3jUwhSKxJu4JtVoQtBZgQEmqqm5LAPtIsx+fpvQQRdQvCnUPeLuIT7gFFChqSIhjir+w9BI2V5wpVlkhpTIzizYYdqK5jkN4UgNzyj7Io2ec1RRd1aYad/7g1sOKUBcardUxb66s+ODk2MaSeRq0yobZm/Xk/8z6vlNt4LO0JlueWKDQbFuQSbQi87aAjNmZVtRyjTwu0KrEU1ZdYlXHAhkL8nj5LKdongEjnfKR4cDuOYQWtoHW0ignbRATpBZ6iMGLpF9+gZvXh33qP36r0NSse8Yc8q+gXv/QOW1aXK</latexit>

If we perform the measurement on the previous slide 
we can detect an X error on a quantum state!

Bit flip code



Our first error correcting code

The logical qubit

| i = a|000i+ b|111i
<latexit sha1_base64="wLH21pUZn4JyNedRcjACEyA1wwA=">AAACGHicbVDLSgMxFM3UV62vUZdugkUQhJqIoBuh6MZlBfuAdiiZNNOGZjJDkhHKtJ/hxl9x40IRt935N6btKNp64MLJOfeSe48fC64NQp9Obml5ZXUtv17Y2Nza3nF392o6ShRlVRqJSDV8opngklUNN4I1YsVI6AtW9/s3E7/+wJTmkbw3g5h5IelKHnBKjJXa7ukQtmLNYUsR2RUMXkEyRAj9vE+gD4cY42+h7RZRCU0BFwnOSBFkqLTdcasT0SRk0lBBtG5iFBsvJcpwKtio0Eo0iwntky5rWipJyLSXTg8bwSOrdGAQKVvSwKn6eyIlodaD0LedITE9Pe9NxP+8ZmKCSy/lMk4Mk3T2UZAIaCI4SQl2uGLUiIElhCpud4W0RxShxmZZsCHg+ZMXSe2shFEJ350Xy9dZHHlwAA7BMcDgApTBLaiAKqDgETyDV/DmPDkvzrvzMWvNOdnMPvgDZ/wFf+6dig==</latexit><latexit sha1_base64="wLH21pUZn4JyNedRcjACEyA1wwA=">AAACGHicbVDLSgMxFM3UV62vUZdugkUQhJqIoBuh6MZlBfuAdiiZNNOGZjJDkhHKtJ/hxl9x40IRt935N6btKNp64MLJOfeSe48fC64NQp9Obml5ZXUtv17Y2Nza3nF392o6ShRlVRqJSDV8opngklUNN4I1YsVI6AtW9/s3E7/+wJTmkbw3g5h5IelKHnBKjJXa7ukQtmLNYUsR2RUMXkEyRAj9vE+gD4cY42+h7RZRCU0BFwnOSBFkqLTdcasT0SRk0lBBtG5iFBsvJcpwKtio0Eo0iwntky5rWipJyLSXTg8bwSOrdGAQKVvSwKn6eyIlodaD0LedITE9Pe9NxP+8ZmKCSy/lMk4Mk3T2UZAIaCI4SQl2uGLUiIElhCpud4W0RxShxmZZsCHg+ZMXSe2shFEJ350Xy9dZHHlwAA7BMcDgApTBLaiAKqDgETyDV/DmPDkvzrvzMWvNOdnMPvgDZ/wFf+6dig==</latexit><latexit sha1_base64="wLH21pUZn4JyNedRcjACEyA1wwA=">AAACGHicbVDLSgMxFM3UV62vUZdugkUQhJqIoBuh6MZlBfuAdiiZNNOGZjJDkhHKtJ/hxl9x40IRt935N6btKNp64MLJOfeSe48fC64NQp9Obml5ZXUtv17Y2Nza3nF392o6ShRlVRqJSDV8opngklUNN4I1YsVI6AtW9/s3E7/+wJTmkbw3g5h5IelKHnBKjJXa7ukQtmLNYUsR2RUMXkEyRAj9vE+gD4cY42+h7RZRCU0BFwnOSBFkqLTdcasT0SRk0lBBtG5iFBsvJcpwKtio0Eo0iwntky5rWipJyLSXTg8bwSOrdGAQKVvSwKn6eyIlodaD0LedITE9Pe9NxP+8ZmKCSy/lMk4Mk3T2UZAIaCI4SQl2uGLUiIElhCpud4W0RxShxmZZsCHg+ZMXSe2shFEJ350Xy9dZHHlwAA7BMcDgApTBLaiAKqDgETyDV/DmPDkvzrvzMWvNOdnMPvgDZ/wFf+6dig==</latexit><latexit sha1_base64="wLH21pUZn4JyNedRcjACEyA1wwA=">AAACGHicbVDLSgMxFM3UV62vUZdugkUQhJqIoBuh6MZlBfuAdiiZNNOGZjJDkhHKtJ/hxl9x40IRt935N6btKNp64MLJOfeSe48fC64NQp9Obml5ZXUtv17Y2Nza3nF392o6ShRlVRqJSDV8opngklUNN4I1YsVI6AtW9/s3E7/+wJTmkbw3g5h5IelKHnBKjJXa7ukQtmLNYUsR2RUMXkEyRAj9vE+gD4cY42+h7RZRCU0BFwnOSBFkqLTdcasT0SRk0lBBtG5iFBsvJcpwKtio0Eo0iwntky5rWipJyLSXTg8bwSOrdGAQKVvSwKn6eyIlodaD0LedITE9Pe9NxP+8ZmKCSy/lMk4Mk3T2UZAIaCI4SQl2uGLUiIElhCpud4W0RxShxmZZsCHg+ZMXSe2shFEJ350Xy9dZHHlwAA7BMcDgApTBLaiAKqDgETyDV/DmPDkvzrvzMWvNOdnMPvgDZ/wFf+6dig==</latexit>

We write it like this

|0iL = |000i
<latexit sha1_base64="QbbU/QSKaDq6m2C8GkUvU9QM4zg=">AAACBHicbVA9SwNBEN3zM8avU8s0i0GwCnsiaCMEbSwsIpgPSI6wt5kkS/b2jt09IVxS2PhXbCwUsfVH2Plv3CQHauKDgcd7M8zMC2LBtSHky1laXlldW89t5De3tnd23b39mo4SxaDKIhGpRkA1CC6hargR0IgV0DAQUA8GVxO/fg9K80jemWEMfkh7knc5o8ZKbbcwIrilqOwJaN/gCzwi5Edwi6REpsCLxMtIEWWotN3PVidiSQjSMEG1bnokNn5KleFMwDjfSjTElA1oD5qWShqC9tPpE2N8ZJUO7kbKljR4qv6eSGmo9TAMbGdITV/PexPxP6+ZmO65n3IZJwYkmy3qJgKbCE8SwR2ugBkxtIQyxe2tmPWposzY3PI2BG/+5UVSOyl5pOTdnhbLl1kcOVRAh+gYeegMldE1qqAqYugBPaEX9Oo8Os/Om/M+a11yspkD9AfOxzcvrJaD</latexit><latexit sha1_base64="QbbU/QSKaDq6m2C8GkUvU9QM4zg=">AAACBHicbVA9SwNBEN3zM8avU8s0i0GwCnsiaCMEbSwsIpgPSI6wt5kkS/b2jt09IVxS2PhXbCwUsfVH2Plv3CQHauKDgcd7M8zMC2LBtSHky1laXlldW89t5De3tnd23b39mo4SxaDKIhGpRkA1CC6hargR0IgV0DAQUA8GVxO/fg9K80jemWEMfkh7knc5o8ZKbbcwIrilqOwJaN/gCzwi5Edwi6REpsCLxMtIEWWotN3PVidiSQjSMEG1bnokNn5KleFMwDjfSjTElA1oD5qWShqC9tPpE2N8ZJUO7kbKljR4qv6eSGmo9TAMbGdITV/PexPxP6+ZmO65n3IZJwYkmy3qJgKbCE8SwR2ugBkxtIQyxe2tmPWposzY3PI2BG/+5UVSOyl5pOTdnhbLl1kcOVRAh+gYeegMldE1qqAqYugBPaEX9Oo8Os/Om/M+a11yspkD9AfOxzcvrJaD</latexit><latexit sha1_base64="QbbU/QSKaDq6m2C8GkUvU9QM4zg=">AAACBHicbVA9SwNBEN3zM8avU8s0i0GwCnsiaCMEbSwsIpgPSI6wt5kkS/b2jt09IVxS2PhXbCwUsfVH2Plv3CQHauKDgcd7M8zMC2LBtSHky1laXlldW89t5De3tnd23b39mo4SxaDKIhGpRkA1CC6hargR0IgV0DAQUA8GVxO/fg9K80jemWEMfkh7knc5o8ZKbbcwIrilqOwJaN/gCzwi5Edwi6REpsCLxMtIEWWotN3PVidiSQjSMEG1bnokNn5KleFMwDjfSjTElA1oD5qWShqC9tPpE2N8ZJUO7kbKljR4qv6eSGmo9TAMbGdITV/PexPxP6+ZmO65n3IZJwYkmy3qJgKbCE8SwR2ugBkxtIQyxe2tmPWposzY3PI2BG/+5UVSOyl5pOTdnhbLl1kcOVRAh+gYeegMldE1qqAqYugBPaEX9Oo8Os/Om/M+a11yspkD9AfOxzcvrJaD</latexit><latexit sha1_base64="QbbU/QSKaDq6m2C8GkUvU9QM4zg=">AAACBHicbVA9SwNBEN3zM8avU8s0i0GwCnsiaCMEbSwsIpgPSI6wt5kkS/b2jt09IVxS2PhXbCwUsfVH2Plv3CQHauKDgcd7M8zMC2LBtSHky1laXlldW89t5De3tnd23b39mo4SxaDKIhGpRkA1CC6hargR0IgV0DAQUA8GVxO/fg9K80jemWEMfkh7knc5o8ZKbbcwIrilqOwJaN/gCzwi5Edwi6REpsCLxMtIEWWotN3PVidiSQjSMEG1bnokNn5KleFMwDjfSjTElA1oD5qWShqC9tPpE2N8ZJUO7kbKljR4qv6eSGmo9TAMbGdITV/PexPxP6+ZmO65n3IZJwYkmy3qJgKbCE8SwR2ugBkxtIQyxe2tmPWposzY3PI2BG/+5UVSOyl5pOTdnhbLl1kcOVRAh+gYeegMldE1qqAqYugBPaEX9Oo8Os/Om/M+a11yspkD9AfOxzcvrJaD</latexit>

|1iL = |111i
<latexit sha1_base64="GTp2uykWOhPmuEzUZ5uGYj2enMY=">AAACBHicbVA9SwNBEN3zM8avU8s0i0GwCrciaCMEbSwsIpgPSI6wt5kkS/b2jt09IVxS2PhXbCwUsfVH2Plv3CQHauKDgcd7M8zMC2LBtfG8L2dpeWV1bT23kd/c2t7Zdff2azpKFIMqi0SkGgHVILiEquFGQCNWQMNAQD0YXE38+j0ozSN5Z4Yx+CHtSd7ljBortd3CiOCWorInoH2DL/CIkB/BLXolbwq8SEhGiihDpe1+tjoRS0KQhgmqdZN4sfFTqgxnAsb5VqIhpmxAe9C0VNIQtJ9OnxjjI6t0cDdStqTBU/X3REpDrYdhYDtDavp63puI/3nNxHTP/ZTLODEg2WxRNxHYRHiSCO5wBcyIoSWUKW5vxaxPFWXG5pa3IZD5lxdJ7aREvBK5PS2WL7M4cqiADtExIugMldE1qqAqYugBPaEX9Oo8Os/Om/M+a11yspkD9AfOxzc18JaH</latexit><latexit sha1_base64="GTp2uykWOhPmuEzUZ5uGYj2enMY=">AAACBHicbVA9SwNBEN3zM8avU8s0i0GwCrciaCMEbSwsIpgPSI6wt5kkS/b2jt09IVxS2PhXbCwUsfVH2Plv3CQHauKDgcd7M8zMC2LBtfG8L2dpeWV1bT23kd/c2t7Zdff2azpKFIMqi0SkGgHVILiEquFGQCNWQMNAQD0YXE38+j0ozSN5Z4Yx+CHtSd7ljBortd3CiOCWorInoH2DL/CIkB/BLXolbwq8SEhGiihDpe1+tjoRS0KQhgmqdZN4sfFTqgxnAsb5VqIhpmxAe9C0VNIQtJ9OnxjjI6t0cDdStqTBU/X3REpDrYdhYDtDavp63puI/3nNxHTP/ZTLODEg2WxRNxHYRHiSCO5wBcyIoSWUKW5vxaxPFWXG5pa3IZD5lxdJ7aREvBK5PS2WL7M4cqiADtExIugMldE1qqAqYugBPaEX9Oo8Os/Om/M+a11yspkD9AfOxzc18JaH</latexit><latexit sha1_base64="GTp2uykWOhPmuEzUZ5uGYj2enMY=">AAACBHicbVA9SwNBEN3zM8avU8s0i0GwCrciaCMEbSwsIpgPSI6wt5kkS/b2jt09IVxS2PhXbCwUsfVH2Plv3CQHauKDgcd7M8zMC2LBtfG8L2dpeWV1bT23kd/c2t7Zdff2azpKFIMqi0SkGgHVILiEquFGQCNWQMNAQD0YXE38+j0ozSN5Z4Yx+CHtSd7ljBortd3CiOCWorInoH2DL/CIkB/BLXolbwq8SEhGiihDpe1+tjoRS0KQhgmqdZN4sfFTqgxnAsb5VqIhpmxAe9C0VNIQtJ9OnxjjI6t0cDdStqTBU/X3REpDrYdhYDtDavp63puI/3nNxHTP/ZTLODEg2WxRNxHYRHiSCO5wBcyIoSWUKW5vxaxPFWXG5pa3IZD5lxdJ7aREvBK5PS2WL7M4cqiADtExIugMldE1qqAqYugBPaEX9Oo8Os/Om/M+a11yspkD9AfOxzc18JaH</latexit><latexit sha1_base64="GTp2uykWOhPmuEzUZ5uGYj2enMY=">AAACBHicbVA9SwNBEN3zM8avU8s0i0GwCrciaCMEbSwsIpgPSI6wt5kkS/b2jt09IVxS2PhXbCwUsfVH2Plv3CQHauKDgcd7M8zMC2LBtfG8L2dpeWV1bT23kd/c2t7Zdff2azpKFIMqi0SkGgHVILiEquFGQCNWQMNAQD0YXE38+j0ozSN5Z4Yx+CHtSd7ljBortd3CiOCWorInoH2DL/CIkB/BLXolbwq8SEhGiihDpe1+tjoRS0KQhgmqdZN4sfFTqgxnAsb5VqIhpmxAe9C0VNIQtJ9OnxjjI6t0cDdStqTBU/X3REpDrYdhYDtDavp63puI/3nNxHTP/ZTLODEg2WxRNxHYRHiSCO5wBcyIoSWUKW5vxaxPFWXG5pa3IZD5lxdJ7aREvBK5PS2WL7M4cqiADtExIugMldE1qqAqYugBPaEX9Oo8Os/Om/M+a11yspkD9AfOxzc18JaH</latexit>

Idea of error correction:  
work in a small subspace of a larger space

Every now and then check to see  
if you are still in that subspace

| iL = a|0iL + b|1iL
<latexit sha1_base64="wJaXoD3cLoeVS4TQyRUdLO16mSM=">AAACG3icbZDLSsNAFIZP6q3WW9Slm8EiCEJJiqAboejGhYsK9gJtCJPptB06mYSZiVDSvocbX8WNC0VcCS58G6dtQG39YeDnO+dw5vxBzJnSjvNl5ZaWV1bX8uuFjc2t7R17d6+uokQSWiMRj2QzwIpyJmhNM81pM5YUhwGnjWBwNak37qlULBJ3ehhTL8Q9wbqMYG2Qb5dHqB0rhtoSix6n/g26QBiNnF/gBAVo5P4A3y46JWcqtGjczBQhU9W3P9qdiCQhFZpwrFTLdWLtpVhqRjgdF9qJojEmA9yjLWMFDqny0ultY3RkSAd1I2me0GhKf0+kOFRqGAamM8S6r+ZrE/hfrZXo7rmXMhEnmgoyW9RNONIRmgSFOkxSovnQGEwkM39FpI8lJtrEWTAhuPMnL5p6ueQ6Jff2tFi5zOLIwwEcwjG4cAYVuIYq1IDAAzzBC7xaj9az9Wa9z1pzVjazD39kfX4DOpSfBw==</latexit><latexit sha1_base64="wJaXoD3cLoeVS4TQyRUdLO16mSM=">AAACG3icbZDLSsNAFIZP6q3WW9Slm8EiCEJJiqAboejGhYsK9gJtCJPptB06mYSZiVDSvocbX8WNC0VcCS58G6dtQG39YeDnO+dw5vxBzJnSjvNl5ZaWV1bX8uuFjc2t7R17d6+uokQSWiMRj2QzwIpyJmhNM81pM5YUhwGnjWBwNak37qlULBJ3ehhTL8Q9wbqMYG2Qb5dHqB0rhtoSix6n/g26QBiNnF/gBAVo5P4A3y46JWcqtGjczBQhU9W3P9qdiCQhFZpwrFTLdWLtpVhqRjgdF9qJojEmA9yjLWMFDqny0ultY3RkSAd1I2me0GhKf0+kOFRqGAamM8S6r+ZrE/hfrZXo7rmXMhEnmgoyW9RNONIRmgSFOkxSovnQGEwkM39FpI8lJtrEWTAhuPMnL5p6ueQ6Jff2tFi5zOLIwwEcwjG4cAYVuIYq1IDAAzzBC7xaj9az9Wa9z1pzVjazD39kfX4DOpSfBw==</latexit><latexit sha1_base64="wJaXoD3cLoeVS4TQyRUdLO16mSM=">AAACG3icbZDLSsNAFIZP6q3WW9Slm8EiCEJJiqAboejGhYsK9gJtCJPptB06mYSZiVDSvocbX8WNC0VcCS58G6dtQG39YeDnO+dw5vxBzJnSjvNl5ZaWV1bX8uuFjc2t7R17d6+uokQSWiMRj2QzwIpyJmhNM81pM5YUhwGnjWBwNak37qlULBJ3ehhTL8Q9wbqMYG2Qb5dHqB0rhtoSix6n/g26QBiNnF/gBAVo5P4A3y46JWcqtGjczBQhU9W3P9qdiCQhFZpwrFTLdWLtpVhqRjgdF9qJojEmA9yjLWMFDqny0ultY3RkSAd1I2me0GhKf0+kOFRqGAamM8S6r+ZrE/hfrZXo7rmXMhEnmgoyW9RNONIRmgSFOkxSovnQGEwkM39FpI8lJtrEWTAhuPMnL5p6ueQ6Jff2tFi5zOLIwwEcwjG4cAYVuIYq1IDAAzzBC7xaj9az9Wa9z1pzVjazD39kfX4DOpSfBw==</latexit><latexit sha1_base64="wJaXoD3cLoeVS4TQyRUdLO16mSM=">AAACG3icbZDLSsNAFIZP6q3WW9Slm8EiCEJJiqAboejGhYsK9gJtCJPptB06mYSZiVDSvocbX8WNC0VcCS58G6dtQG39YeDnO+dw5vxBzJnSjvNl5ZaWV1bX8uuFjc2t7R17d6+uokQSWiMRj2QzwIpyJmhNM81pM5YUhwGnjWBwNak37qlULBJ3ehhTL8Q9wbqMYG2Qb5dHqB0rhtoSix6n/g26QBiNnF/gBAVo5P4A3y46JWcqtGjczBQhU9W3P9qdiCQhFZpwrFTLdWLtpVhqRjgdF9qJojEmA9yjLWMFDqny0ultY3RkSAd1I2me0GhKf0+kOFRqGAamM8S6r+ZrE/hfrZXo7rmXMhEnmgoyW9RNONIRmgSFOkxSovnQGEwkM39FpI8lJtrEWTAhuPMnL5p6ueQ6Jff2tFi5zOLIwwEcwjG4cAYVuIYq1IDAAzzBC7xaj9az9Wa9z1pzVjazD39kfX4DOpSfBw==</latexit>



Our first error correcting code

How do we do that funky measurement?

| iL
<latexit sha1_base64="2ioWhK5jN9IKzknG2M/xXyCVeWU=">AAAB+XicbVDLSgNBEOyNrxhfqx69DAbBU9gVQY9BLx48RDAPSJZldtJJhszOLjOzgbDmT7x4UMSrf+LNv3HyOGhiQUNR1U13V5QKro3nfTuFtfWNza3idmlnd2//wD08augkUwzrLBGJakVUo+AS64Ybga1UIY0jgc1oeDv1myNUmify0YxTDGLal7zHGTVWCl33iXRSzUlHUdkXGN6HbtmreDOQVeIvSBkWqIXuV6ebsCxGaZigWrd9LzVBTpXhTOCk1Mk0ppQNaR/blkoaow7y2eUTcmaVLuklypY0ZKb+nshprPU4jmxnTM1AL3tT8T+vnZnedZBzmWYGJZsv6mWCmIRMYyBdrpAZMbaEMsXtrYQNqKLM2LBKNgR/+eVV0rio+F7Ff7gsV28WcRThBE7hHHy4gircQQ3qwGAEz/AKb07uvDjvzse8teAsZo7hD5zPH+weky8=</latexit><latexit sha1_base64="2ioWhK5jN9IKzknG2M/xXyCVeWU=">AAAB+XicbVDLSgNBEOyNrxhfqx69DAbBU9gVQY9BLx48RDAPSJZldtJJhszOLjOzgbDmT7x4UMSrf+LNv3HyOGhiQUNR1U13V5QKro3nfTuFtfWNza3idmlnd2//wD08augkUwzrLBGJakVUo+AS64Ybga1UIY0jgc1oeDv1myNUmify0YxTDGLal7zHGTVWCl33iXRSzUlHUdkXGN6HbtmreDOQVeIvSBkWqIXuV6ebsCxGaZigWrd9LzVBTpXhTOCk1Mk0ppQNaR/blkoaow7y2eUTcmaVLuklypY0ZKb+nshprPU4jmxnTM1AL3tT8T+vnZnedZBzmWYGJZsv6mWCmIRMYyBdrpAZMbaEMsXtrYQNqKLM2LBKNgR/+eVV0rio+F7Ff7gsV28WcRThBE7hHHy4gircQQ3qwGAEz/AKb07uvDjvzse8teAsZo7hD5zPH+weky8=</latexit><latexit sha1_base64="2ioWhK5jN9IKzknG2M/xXyCVeWU=">AAAB+XicbVDLSgNBEOyNrxhfqx69DAbBU9gVQY9BLx48RDAPSJZldtJJhszOLjOzgbDmT7x4UMSrf+LNv3HyOGhiQUNR1U13V5QKro3nfTuFtfWNza3idmlnd2//wD08augkUwzrLBGJakVUo+AS64Ybga1UIY0jgc1oeDv1myNUmify0YxTDGLal7zHGTVWCl33iXRSzUlHUdkXGN6HbtmreDOQVeIvSBkWqIXuV6ebsCxGaZigWrd9LzVBTpXhTOCk1Mk0ppQNaR/blkoaow7y2eUTcmaVLuklypY0ZKb+nshprPU4jmxnTM1AL3tT8T+vnZnedZBzmWYGJZsv6mWCmIRMYyBdrpAZMbaEMsXtrYQNqKLM2LBKNgR/+eVV0rio+F7Ff7gsV28WcRThBE7hHHy4gircQQ3qwGAEz/AKb07uvDjvzse8teAsZo7hD5zPH+weky8=</latexit><latexit sha1_base64="2ioWhK5jN9IKzknG2M/xXyCVeWU=">AAAB+XicbVDLSgNBEOyNrxhfqx69DAbBU9gVQY9BLx48RDAPSJZldtJJhszOLjOzgbDmT7x4UMSrf+LNv3HyOGhiQUNR1U13V5QKro3nfTuFtfWNza3idmlnd2//wD08augkUwzrLBGJakVUo+AS64Ybga1UIY0jgc1oeDv1myNUmify0YxTDGLal7zHGTVWCl33iXRSzUlHUdkXGN6HbtmreDOQVeIvSBkWqIXuV6ebsCxGaZigWrd9LzVBTpXhTOCk1Mk0ppQNaR/blkoaow7y2eUTcmaVLuklypY0ZKb+nshprPU4jmxnTM1AL3tT8T+vnZnedZBzmWYGJZsv6mWCmIRMYyBdrpAZMbaEMsXtrYQNqKLM2LBKNgR/+eVV0rio+F7Ff7gsV28WcRThBE7hHHy4gircQQ3qwGAEz/AKb07uvDjvzse8teAsZo7hD5zPH+weky8=</latexit>

|0i
<latexit sha1_base64="DGmzEx0U30tc7/g9hR8C3VG2KOU=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Ae2oWy2k3bpZhN2N0KJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4Zua3H1FpHst7M0nQj+hQ8pAzaqz08OSSnqJyKLBfrrhVdw6ySrycVCBHo1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42v3hKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/IzLJDUo2WJRmApiYjJ7nwy4QmbExBLKFLe3EjaiijJjQyrZELzll1dJ66LquVXv7rJSv87jKMIJnMI5eFCDOtxCA5rAQMIzvMKbo50X5935WLQWnHzmGP7A+fwBDDiQfw==</latexit><latexit sha1_base64="DGmzEx0U30tc7/g9hR8C3VG2KOU=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Ae2oWy2k3bpZhN2N0KJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4Zua3H1FpHst7M0nQj+hQ8pAzaqz08OSSnqJyKLBfrrhVdw6ySrycVCBHo1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42v3hKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/IzLJDUo2WJRmApiYjJ7nwy4QmbExBLKFLe3EjaiijJjQyrZELzll1dJ66LquVXv7rJSv87jKMIJnMI5eFCDOtxCA5rAQMIzvMKbo50X5935WLQWnHzmGP7A+fwBDDiQfw==</latexit><latexit sha1_base64="DGmzEx0U30tc7/g9hR8C3VG2KOU=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Ae2oWy2k3bpZhN2N0KJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4Zua3H1FpHst7M0nQj+hQ8pAzaqz08OSSnqJyKLBfrrhVdw6ySrycVCBHo1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42v3hKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/IzLJDUo2WJRmApiYjJ7nwy4QmbExBLKFLe3EjaiijJjQyrZELzll1dJ66LquVXv7rJSv87jKMIJnMI5eFCDOtxCA5rAQMIzvMKbo50X5935WLQWnHzmGP7A+fwBDDiQfw==</latexit><latexit sha1_base64="DGmzEx0U30tc7/g9hR8C3VG2KOU=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Ae2oWy2k3bpZhN2N0KJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4Zua3H1FpHst7M0nQj+hQ8pAzaqz08OSSnqJyKLBfrrhVdw6ySrycVCBHo1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42v3hKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/IzLJDUo2WJRmApiYjJ7nwy4QmbExBLKFLe3EjaiijJjQyrZELzll1dJ66LquVXv7rJSv87jKMIJnMI5eFCDOtxCA5rAQMIzvMKbo50X5935WLQWnHzmGP7A+fwBDDiQfw==</latexit>

|0i
<latexit sha1_base64="DGmzEx0U30tc7/g9hR8C3VG2KOU=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Ae2oWy2k3bpZhN2N0KJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4Zua3H1FpHst7M0nQj+hQ8pAzaqz08OSSnqJyKLBfrrhVdw6ySrycVCBHo1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42v3hKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/IzLJDUo2WJRmApiYjJ7nwy4QmbExBLKFLe3EjaiijJjQyrZELzll1dJ66LquVXv7rJSv87jKMIJnMI5eFCDOtxCA5rAQMIzvMKbo50X5935WLQWnHzmGP7A+fwBDDiQfw==</latexit><latexit sha1_base64="DGmzEx0U30tc7/g9hR8C3VG2KOU=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Ae2oWy2k3bpZhN2N0KJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4Zua3H1FpHst7M0nQj+hQ8pAzaqz08OSSnqJyKLBfrrhVdw6ySrycVCBHo1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42v3hKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/IzLJDUo2WJRmApiYjJ7nwy4QmbExBLKFLe3EjaiijJjQyrZELzll1dJ66LquVXv7rJSv87jKMIJnMI5eFCDOtxCA5rAQMIzvMKbo50X5935WLQWnHzmGP7A+fwBDDiQfw==</latexit><latexit sha1_base64="DGmzEx0U30tc7/g9hR8C3VG2KOU=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Ae2oWy2k3bpZhN2N0KJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4Zua3H1FpHst7M0nQj+hQ8pAzaqz08OSSnqJyKLBfrrhVdw6ySrycVCBHo1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42v3hKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/IzLJDUo2WJRmApiYjJ7nwy4QmbExBLKFLe3EjaiijJjQyrZELzll1dJ66LquVXv7rJSv87jKMIJnMI5eFCDOtxCA5rAQMIzvMKbo50X5935WLQWnHzmGP7A+fwBDDiQfw==</latexit><latexit sha1_base64="DGmzEx0U30tc7/g9hR8C3VG2KOU=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Ae2oWy2k3bpZhN2N0KJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4Zua3H1FpHst7M0nQj+hQ8pAzaqz08OSSnqJyKLBfrrhVdw6ySrycVCBHo1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42v3hKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/IzLJDUo2WJRmApiYjJ7nwy4QmbExBLKFLe3EjaiijJjQyrZELzll1dJ66LquVXv7rJSv87jKMIJnMI5eFCDOtxCA5rAQMIzvMKbo50X5935WLQWnHzmGP7A+fwBDDiQfw==</latexit>

In reality the measurement is slightly more complicated 
but not by much :)

These are called syndrome measurements



Our first error correcting code

What if we have 2 flip errors?

Say the probability flipping one particular qubit is p
<latexit sha1_base64="C50pkrGeTYlIc0VWLblfqsQv1p8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipmQzKFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8A2hmM9A==</latexit><latexit sha1_base64="C50pkrGeTYlIc0VWLblfqsQv1p8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipmQzKFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8A2hmM9A==</latexit><latexit sha1_base64="C50pkrGeTYlIc0VWLblfqsQv1p8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipmQzKFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8A2hmM9A==</latexit><latexit sha1_base64="C50pkrGeTYlIc0VWLblfqsQv1p8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipmQzKFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8A2hmM9A==</latexit>

The probability of one qubit being flipped is at most 3p
<latexit sha1_base64="soM1IDjy8JavwDDUvI4LlKMrV/M=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0m0oMeiF49V7Ae0oWy2m3bpZhN2J0IJ/QdePCji1X/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh8ukX664VXcOskq8nFQgR6Nf/uoNYpZGXCGT1Jiu5yboZ1SjYJJPS73U8ISyMR3yrqWKRtz42fzSKTmzyoCEsbalkMzV3xMZjYyZRIHtjCiOzLI3E//zuimG134mVJIiV2yxKEwlwZjM3iYDoTlDObGEMi3srYSNqKYMbTglG4K3/PIqaV1UPbfq3dcq9Zs8jiKcwCmcgwdXUIc7aEATGITwDK/w5oydF+fd+Vi0Fpx85hj+wPn8AUyLjTE=</latexit><latexit sha1_base64="soM1IDjy8JavwDDUvI4LlKMrV/M=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0m0oMeiF49V7Ae0oWy2m3bpZhN2J0IJ/QdePCji1X/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh8ukX664VXcOskq8nFQgR6Nf/uoNYpZGXCGT1Jiu5yboZ1SjYJJPS73U8ISyMR3yrqWKRtz42fzSKTmzyoCEsbalkMzV3xMZjYyZRIHtjCiOzLI3E//zuimG134mVJIiV2yxKEwlwZjM3iYDoTlDObGEMi3srYSNqKYMbTglG4K3/PIqaV1UPbfq3dcq9Zs8jiKcwCmcgwdXUIc7aEATGITwDK/w5oydF+fd+Vi0Fpx85hj+wPn8AUyLjTE=</latexit><latexit sha1_base64="soM1IDjy8JavwDDUvI4LlKMrV/M=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0m0oMeiF49V7Ae0oWy2m3bpZhN2J0IJ/QdePCji1X/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh8ukX664VXcOskq8nFQgR6Nf/uoNYpZGXCGT1Jiu5yboZ1SjYJJPS73U8ISyMR3yrqWKRtz42fzSKTmzyoCEsbalkMzV3xMZjYyZRIHtjCiOzLI3E//zuimG134mVJIiV2yxKEwlwZjM3iYDoTlDObGEMi3srYSNqKYMbTglG4K3/PIqaV1UPbfq3dcq9Zs8jiKcwCmcgwdXUIc7aEATGITwDK/w5oydF+fd+Vi0Fpx85hj+wPn8AUyLjTE=</latexit><latexit sha1_base64="soM1IDjy8JavwDDUvI4LlKMrV/M=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0m0oMeiF49V7Ae0oWy2m3bpZhN2J0IJ/QdePCji1X/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh8ukX664VXcOskq8nFQgR6Nf/uoNYpZGXCGT1Jiu5yboZ1SjYJJPS73U8ISyMR3yrqWKRtz42fzSKTmzyoCEsbalkMzV3xMZjYyZRIHtjCiOzLI3E//zuimG134mVJIiV2yxKEwlwZjM3iYDoTlDObGEMi3srYSNqKYMbTglG4K3/PIqaV1UPbfq3dcq9Zs8jiKcwCmcgwdXUIc7aEATGITwDK/w5oydF+fd+Vi0Fpx85hj+wPn8AUyLjTE=</latexit>

(we’ll assume errors are independent)

The probability of at least 2 qubits being flipped is at most
3p2 + p3

<latexit sha1_base64="NYL7reBg8oE6A6UActAVeHWM4D0=">AAAB8XicbVBNSwMxEJ2tX7V+VT16CRZBEMpuK+ix6MVjBfuB7bZk02wbms2GJCuUpf/CiwdFvPpvvPlvTNs9aOuDgcd7M8zMCyRn2rjut5NbW9/Y3MpvF3Z29/YPiodHTR0nitAGiXms2gHWlDNBG4YZTttSURwFnLaC8e3Mbz1RpVksHsxEUj/CQ8FCRrCx0mNV9iroAsletV8suWV3DrRKvIyUIEO9X/zqDmKSRFQYwrHWHc+Vxk+xMoxwOi10E00lJmM8pB1LBY6o9tP5xVN0ZpUBCmNlSxg0V39PpDjSehIFtjPCZqSXvZn4n9dJTHjtp0zIxFBBFovChCMTo9n7aMAUJYZPLMFEMXsrIiOsMDE2pIINwVt+eZU0K2XPLXv3l6XaTRZHHk7gFM7BgyuowR3UoQEEBDzDK7w52nlx3p2PRWvOyWaO4Q+czx+B3499</latexit><latexit sha1_base64="NYL7reBg8oE6A6UActAVeHWM4D0=">AAAB8XicbVBNSwMxEJ2tX7V+VT16CRZBEMpuK+ix6MVjBfuB7bZk02wbms2GJCuUpf/CiwdFvPpvvPlvTNs9aOuDgcd7M8zMCyRn2rjut5NbW9/Y3MpvF3Z29/YPiodHTR0nitAGiXms2gHWlDNBG4YZTttSURwFnLaC8e3Mbz1RpVksHsxEUj/CQ8FCRrCx0mNV9iroAsletV8suWV3DrRKvIyUIEO9X/zqDmKSRFQYwrHWHc+Vxk+xMoxwOi10E00lJmM8pB1LBY6o9tP5xVN0ZpUBCmNlSxg0V39PpDjSehIFtjPCZqSXvZn4n9dJTHjtp0zIxFBBFovChCMTo9n7aMAUJYZPLMFEMXsrIiOsMDE2pIINwVt+eZU0K2XPLXv3l6XaTRZHHk7gFM7BgyuowR3UoQEEBDzDK7w52nlx3p2PRWvOyWaO4Q+czx+B3499</latexit><latexit sha1_base64="NYL7reBg8oE6A6UActAVeHWM4D0=">AAAB8XicbVBNSwMxEJ2tX7V+VT16CRZBEMpuK+ix6MVjBfuB7bZk02wbms2GJCuUpf/CiwdFvPpvvPlvTNs9aOuDgcd7M8zMCyRn2rjut5NbW9/Y3MpvF3Z29/YPiodHTR0nitAGiXms2gHWlDNBG4YZTttSURwFnLaC8e3Mbz1RpVksHsxEUj/CQ8FCRrCx0mNV9iroAsletV8suWV3DrRKvIyUIEO9X/zqDmKSRFQYwrHWHc+Vxk+xMoxwOi10E00lJmM8pB1LBY6o9tP5xVN0ZpUBCmNlSxg0V39PpDjSehIFtjPCZqSXvZn4n9dJTHjtp0zIxFBBFovChCMTo9n7aMAUJYZPLMFEMXsrIiOsMDE2pIINwVt+eZU0K2XPLXv3l6XaTRZHHk7gFM7BgyuowR3UoQEEBDzDK7w52nlx3p2PRWvOyWaO4Q+czx+B3499</latexit><latexit sha1_base64="NYL7reBg8oE6A6UActAVeHWM4D0=">AAAB8XicbVBNSwMxEJ2tX7V+VT16CRZBEMpuK+ix6MVjBfuB7bZk02wbms2GJCuUpf/CiwdFvPpvvPlvTNs9aOuDgcd7M8zMCyRn2rjut5NbW9/Y3MpvF3Z29/YPiodHTR0nitAGiXms2gHWlDNBG4YZTttSURwFnLaC8e3Mbz1RpVksHsxEUj/CQ8FCRrCx0mNV9iroAsletV8suWV3DrRKvIyUIEO9X/zqDmKSRFQYwrHWHc+Vxk+xMoxwOi10E00lJmM8pB1LBY6o9tP5xVN0ZpUBCmNlSxg0V39PpDjSehIFtjPCZqSXvZn4n9dJTHjtp0zIxFBBFovChCMTo9n7aMAUJYZPLMFEMXsrIiOsMDE2pIINwVt+eZU0K2XPLXv3l6XaTRZHHk7gFM7BgyuowR3UoQEEBDzDK7w52nlx3p2PRWvOyWaO4Q+czx+B3499</latexit>

O(p)
<latexit sha1_base64="zmM6a+FszKZwwp3jPiob/0V0x0s=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBahXkoigh6LXrxZwbSFNpTNdtIu3WzC7kYopb/BiwdFvPqDvPlv3LY5aOuDgcd7M8zMC1PBtXHdb6ewtr6xuVXcLu3s7u0flA+PmjrJFEOfJSJR7ZBqFFyib7gR2E4V0jgU2ApHtzO/9YRK80Q+mnGKQUwHkkecUWMl/76anpNeueLW3DnIKvFyUoEcjV75q9tPWBajNExQrTuem5pgQpXhTOC01M00ppSN6AA7lkoaow4m82On5MwqfRIlypY0ZK7+npjQWOtxHNrOmJqhXvZm4n9eJzPRdTDhMs0MSrZYFGWCmITMPid9rpAZMbaEMsXtrYQNqaLM2HxKNgRv+eVV0ryoeW7Ne7is1G/yOIpwAqdQBQ+uoA530AAfGHB4hld4c6Tz4rw7H4vWgpPPHMMfOJ8/k5CN3A==</latexit><latexit sha1_base64="zmM6a+FszKZwwp3jPiob/0V0x0s=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBahXkoigh6LXrxZwbSFNpTNdtIu3WzC7kYopb/BiwdFvPqDvPlv3LY5aOuDgcd7M8zMC1PBtXHdb6ewtr6xuVXcLu3s7u0flA+PmjrJFEOfJSJR7ZBqFFyib7gR2E4V0jgU2ApHtzO/9YRK80Q+mnGKQUwHkkecUWMl/76anpNeueLW3DnIKvFyUoEcjV75q9tPWBajNExQrTuem5pgQpXhTOC01M00ppSN6AA7lkoaow4m82On5MwqfRIlypY0ZK7+npjQWOtxHNrOmJqhXvZm4n9eJzPRdTDhMs0MSrZYFGWCmITMPid9rpAZMbaEMsXtrYQNqaLM2HxKNgRv+eVV0ryoeW7Ne7is1G/yOIpwAqdQBQ+uoA530AAfGHB4hld4c6Tz4rw7H4vWgpPPHMMfOJ8/k5CN3A==</latexit><latexit sha1_base64="zmM6a+FszKZwwp3jPiob/0V0x0s=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBahXkoigh6LXrxZwbSFNpTNdtIu3WzC7kYopb/BiwdFvPqDvPlv3LY5aOuDgcd7M8zMC1PBtXHdb6ewtr6xuVXcLu3s7u0flA+PmjrJFEOfJSJR7ZBqFFyib7gR2E4V0jgU2ApHtzO/9YRK80Q+mnGKQUwHkkecUWMl/76anpNeueLW3DnIKvFyUoEcjV75q9tPWBajNExQrTuem5pgQpXhTOC01M00ppSN6AA7lkoaow4m82On5MwqfRIlypY0ZK7+npjQWOtxHNrOmJqhXvZm4n9eJzPRdTDhMs0MSrZYFGWCmITMPid9rpAZMbaEMsXtrYQNqaLM2HxKNgRv+eVV0ryoeW7Ne7is1G/yOIpwAqdQBQ+uoA530AAfGHB4hld4c6Tz4rw7H4vWgpPPHMMfOJ8/k5CN3A==</latexit><latexit sha1_base64="zmM6a+FszKZwwp3jPiob/0V0x0s=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBahXkoigh6LXrxZwbSFNpTNdtIu3WzC7kYopb/BiwdFvPqDvPlv3LY5aOuDgcd7M8zMC1PBtXHdb6ewtr6xuVXcLu3s7u0flA+PmjrJFEOfJSJR7ZBqFFyib7gR2E4V0jgU2ApHtzO/9YRK80Q+mnGKQUwHkkecUWMl/76anpNeueLW3DnIKvFyUoEcjV75q9tPWBajNExQrTuem5pgQpXhTOC01M00ppSN6AA7lkoaow4m82On5MwqfRIlypY0ZK7+npjQWOtxHNrOmJqhXvZm4n9eJzPRdTDhMs0MSrZYFGWCmITMPid9rpAZMbaEMsXtrYQNqaLM2HxKNgRv+eVV0ryoeW7Ne7is1G/yOIpwAqdQBQ+uoA530AAfGHB4hld4c6Tz4rw7H4vWgpPPHMMfOJ8/k5CN3A==</latexit>

O(p2)
<latexit sha1_base64="SSmHcx3HYRfzYYcxn+XaRU1RGKU=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRahXspuEfRY9OLNCvYD2rVk02wbms2GJCuUpT/CiwdFvPp7vPlvzLZ70NYHA4/3ZpiZF0jOtHHdb6ewtr6xuVXcLu3s7u0flA+P2jpOFKEtEvNYdQOsKWeCtgwznHalojgKOO0Ek5vM7zxRpVksHsxUUj/CI8FCRrCxUueuKh/r52hQrrg1dw60SrycVCBHc1D+6g9jkkRUGMKx1j3PlcZPsTKMcDor9RNNJSYTPKI9SwWOqPbT+bkzdGaVIQpjZUsYNFd/T6Q40noaBbYzwmasl71M/M/rJSa88lMmZGKoIItFYcKRiVH2OxoyRYnhU0swUczeisgYK0yMTahkQ/CWX14l7XrNc2ve/UWlcZ3HUYQTOIUqeHAJDbiFJrSAwASe4RXeHOm8OO/Ox6K14OQzx/AHzucPuwWOgA==</latexit><latexit sha1_base64="SSmHcx3HYRfzYYcxn+XaRU1RGKU=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRahXspuEfRY9OLNCvYD2rVk02wbms2GJCuUpT/CiwdFvPp7vPlvzLZ70NYHA4/3ZpiZF0jOtHHdb6ewtr6xuVXcLu3s7u0flA+P2jpOFKEtEvNYdQOsKWeCtgwznHalojgKOO0Ek5vM7zxRpVksHsxUUj/CI8FCRrCxUueuKh/r52hQrrg1dw60SrycVCBHc1D+6g9jkkRUGMKx1j3PlcZPsTKMcDor9RNNJSYTPKI9SwWOqPbT+bkzdGaVIQpjZUsYNFd/T6Q40noaBbYzwmasl71M/M/rJSa88lMmZGKoIItFYcKRiVH2OxoyRYnhU0swUczeisgYK0yMTahkQ/CWX14l7XrNc2ve/UWlcZ3HUYQTOIUqeHAJDbiFJrSAwASe4RXeHOm8OO/Ox6K14OQzx/AHzucPuwWOgA==</latexit><latexit sha1_base64="SSmHcx3HYRfzYYcxn+XaRU1RGKU=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRahXspuEfRY9OLNCvYD2rVk02wbms2GJCuUpT/CiwdFvPp7vPlvzLZ70NYHA4/3ZpiZF0jOtHHdb6ewtr6xuVXcLu3s7u0flA+P2jpOFKEtEvNYdQOsKWeCtgwznHalojgKOO0Ek5vM7zxRpVksHsxUUj/CI8FCRrCxUueuKh/r52hQrrg1dw60SrycVCBHc1D+6g9jkkRUGMKx1j3PlcZPsTKMcDor9RNNJSYTPKI9SwWOqPbT+bkzdGaVIQpjZUsYNFd/T6Q40noaBbYzwmasl71M/M/rJSa88lMmZGKoIItFYcKRiVH2OxoyRYnhU0swUczeisgYK0yMTahkQ/CWX14l7XrNc2ve/UWlcZ3HUYQTOIUqeHAJDbiFJrSAwASe4RXeHOm8OO/Ox6K14OQzx/AHzucPuwWOgA==</latexit><latexit sha1_base64="SSmHcx3HYRfzYYcxn+XaRU1RGKU=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRahXspuEfRY9OLNCvYD2rVk02wbms2GJCuUpT/CiwdFvPp7vPlvzLZ70NYHA4/3ZpiZF0jOtHHdb6ewtr6xuVXcLu3s7u0flA+P2jpOFKEtEvNYdQOsKWeCtgwznHalojgKOO0Ek5vM7zxRpVksHsxUUj/CI8FCRrCxUueuKh/r52hQrrg1dw60SrycVCBHc1D+6g9jkkRUGMKx1j3PlcZPsTKMcDor9RNNJSYTPKI9SwWOqPbT+bkzdGaVIQpjZUsYNFd/T6Q40noaBbYzwmasl71M/M/rJSa88lMmZGKoIItFYcKRiVH2OxoyRYnhU0swUczeisgYK0yMTahkQ/CWX14l7XrNc2ve/UWlcZ3HUYQTOIUqeHAJDbiFJrSAwASe4RXeHOm8OO/Ox6K14OQzx/AHzucPuwWOgA==</latexit>

Error 
correction

As long as p  pth
<latexit sha1_base64="w3l6VYW3/wqKn9yyLA8/gn30DCk=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbTbt0k2x3J4US+ju8eFDEqz/Gm//GbZuDtj4YeLw3w8y8QElh0HW/ncLG5tb2TnG3tLd/cHhUPj5pmiTVjDdYIhPdDqjhUsS8gQIlbyvNaRRI3gpG93O/NeHaiCR+wqnifkQHsQgFo2glX5Gu5GOiehkOZ71yxa26C5B14uWkAjnqvfJXt5+wNOIxMkmN6XiuQj+jGgWTfFbqpoYrykZ0wDuWxjTixs8WR8/IhVX6JEy0rRjJQv09kdHImGkU2M6I4tCsenPxP6+TYnjrZyJWKfKYLReFqSSYkHkCpC80ZyinllCmhb2VsCHVlKHNqWRD8FZfXifNq6rnVr3H60rtLo+jCGdwDpfgwQ3U4AHq0AAGY3iGV3hzJs6L8+58LFsLTj5zCn/gfP4AhMiR7Q==</latexit><latexit sha1_base64="w3l6VYW3/wqKn9yyLA8/gn30DCk=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbTbt0k2x3J4US+ju8eFDEqz/Gm//GbZuDtj4YeLw3w8y8QElh0HW/ncLG5tb2TnG3tLd/cHhUPj5pmiTVjDdYIhPdDqjhUsS8gQIlbyvNaRRI3gpG93O/NeHaiCR+wqnifkQHsQgFo2glX5Gu5GOiehkOZ71yxa26C5B14uWkAjnqvfJXt5+wNOIxMkmN6XiuQj+jGgWTfFbqpoYrykZ0wDuWxjTixs8WR8/IhVX6JEy0rRjJQv09kdHImGkU2M6I4tCsenPxP6+TYnjrZyJWKfKYLReFqSSYkHkCpC80ZyinllCmhb2VsCHVlKHNqWRD8FZfXifNq6rnVr3H60rtLo+jCGdwDpfgwQ3U4AHq0AAGY3iGV3hzJs6L8+58LFsLTj5zCn/gfP4AhMiR7Q==</latexit><latexit sha1_base64="w3l6VYW3/wqKn9yyLA8/gn30DCk=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbTbt0k2x3J4US+ju8eFDEqz/Gm//GbZuDtj4YeLw3w8y8QElh0HW/ncLG5tb2TnG3tLd/cHhUPj5pmiTVjDdYIhPdDqjhUsS8gQIlbyvNaRRI3gpG93O/NeHaiCR+wqnifkQHsQgFo2glX5Gu5GOiehkOZ71yxa26C5B14uWkAjnqvfJXt5+wNOIxMkmN6XiuQj+jGgWTfFbqpoYrykZ0wDuWxjTixs8WR8/IhVX6JEy0rRjJQv09kdHImGkU2M6I4tCsenPxP6+TYnjrZyJWKfKYLReFqSSYkHkCpC80ZyinllCmhb2VsCHVlKHNqWRD8FZfXifNq6rnVr3H60rtLo+jCGdwDpfgwQ3U4AHq0AAGY3iGV3hzJs6L8+58LFsLTj5zCn/gfP4AhMiR7Q==</latexit><latexit sha1_base64="w3l6VYW3/wqKn9yyLA8/gn30DCk=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbTbt0k2x3J4US+ju8eFDEqz/Gm//GbZuDtj4YeLw3w8y8QElh0HW/ncLG5tb2TnG3tLd/cHhUPj5pmiTVjDdYIhPdDqjhUsS8gQIlbyvNaRRI3gpG93O/NeHaiCR+wqnifkQHsQgFo2glX5Gu5GOiehkOZ71yxa26C5B14uWkAjnqvfJXt5+wNOIxMkmN6XiuQj+jGgWTfFbqpoYrykZ0wDuWxjTixs8WR8/IhVX6JEy0rRjJQv09kdHImGkU2M6I4tCsenPxP6+TYnjrZyJWKfKYLReFqSSYkHkCpC80ZyinllCmhb2VsCHVlKHNqWRD8FZfXifNq6rnVr3H60rtLo+jCGdwDpfgwQ3U4AHq0AAGY3iGV3hzJs6L8+58LFsLTj5zCn/gfP4AhMiR7Q==</latexit>

this will be decreasing



Our first error correcting code

The logical state

| iL = a|0iL + b|1iL
<latexit sha1_base64="HuFhQYI7h4owgazJNrHK2c1YRxI=">AAACGnicbVDLSgMxFM3UV62vUZdugkUQhDIRQTdC0Y0LFxXsAzrDkEkzbWgmMyQZoUz7HW78FTcuFHEnbvwb03bA2nrgwsk595J7T5BwprTjfFuFpeWV1bXiemljc2t7x97da6g4lYTWScxj2QqwopwJWtdMc9pKJMVRwGkz6F+P/eYDlYrF4l4PEupFuCtYyAjWRvJtNIRuohh0JRZdTv1beAnx0Jl5n8AADtGv4Ntlp+JMABcJykkZ5Kj59qfbiUkaUaEJx0q1kZNoL8NSM8LpqOSmiiaY9HGXtg0VOKLKyyanjeCRUTowjKUpoeFEnZ3IcKTUIApMZ4R1T817Y/E/r53q8MLLmEhSTQWZfhSmHOoYjnOCHSYp0XxgCCaSmV0h6WGJiTZplkwIaP7kRdI4rSCngu7OytWrPI4iOACH4BggcA6q4AbUQB0Q8AiewSt4s56sF+vd+pi2Fqx8Zh/8gfX1A9pAnt0=</latexit><latexit sha1_base64="HuFhQYI7h4owgazJNrHK2c1YRxI=">AAACGnicbVDLSgMxFM3UV62vUZdugkUQhDIRQTdC0Y0LFxXsAzrDkEkzbWgmMyQZoUz7HW78FTcuFHEnbvwb03bA2nrgwsk595J7T5BwprTjfFuFpeWV1bXiemljc2t7x97da6g4lYTWScxj2QqwopwJWtdMc9pKJMVRwGkz6F+P/eYDlYrF4l4PEupFuCtYyAjWRvJtNIRuohh0JRZdTv1beAnx0Jl5n8AADtGv4Ntlp+JMABcJykkZ5Kj59qfbiUkaUaEJx0q1kZNoL8NSM8LpqOSmiiaY9HGXtg0VOKLKyyanjeCRUTowjKUpoeFEnZ3IcKTUIApMZ4R1T817Y/E/r53q8MLLmEhSTQWZfhSmHOoYjnOCHSYp0XxgCCaSmV0h6WGJiTZplkwIaP7kRdI4rSCngu7OytWrPI4iOACH4BggcA6q4AbUQB0Q8AiewSt4s56sF+vd+pi2Fqx8Zh/8gfX1A9pAnt0=</latexit><latexit sha1_base64="HuFhQYI7h4owgazJNrHK2c1YRxI=">AAACGnicbVDLSgMxFM3UV62vUZdugkUQhDIRQTdC0Y0LFxXsAzrDkEkzbWgmMyQZoUz7HW78FTcuFHEnbvwb03bA2nrgwsk595J7T5BwprTjfFuFpeWV1bXiemljc2t7x97da6g4lYTWScxj2QqwopwJWtdMc9pKJMVRwGkz6F+P/eYDlYrF4l4PEupFuCtYyAjWRvJtNIRuohh0JRZdTv1beAnx0Jl5n8AADtGv4Ntlp+JMABcJykkZ5Kj59qfbiUkaUaEJx0q1kZNoL8NSM8LpqOSmiiaY9HGXtg0VOKLKyyanjeCRUTowjKUpoeFEnZ3IcKTUIApMZ4R1T817Y/E/r53q8MLLmEhSTQWZfhSmHOoYjnOCHSYp0XxgCCaSmV0h6WGJiTZplkwIaP7kRdI4rSCngu7OytWrPI4iOACH4BggcA6q4AbUQB0Q8AiewSt4s56sF+vd+pi2Fqx8Zh/8gfX1A9pAnt0=</latexit><latexit sha1_base64="HuFhQYI7h4owgazJNrHK2c1YRxI=">AAACGnicbVDLSgMxFM3UV62vUZdugkUQhDIRQTdC0Y0LFxXsAzrDkEkzbWgmMyQZoUz7HW78FTcuFHEnbvwb03bA2nrgwsk595J7T5BwprTjfFuFpeWV1bXiemljc2t7x97da6g4lYTWScxj2QqwopwJWtdMc9pKJMVRwGkz6F+P/eYDlYrF4l4PEupFuCtYyAjWRvJtNIRuohh0JRZdTv1beAnx0Jl5n8AADtGv4Ntlp+JMABcJykkZ5Kj59qfbiUkaUaEJx0q1kZNoL8NSM8LpqOSmiiaY9HGXtg0VOKLKyyanjeCRUTowjKUpoeFEnZ3IcKTUIApMZ4R1T817Y/E/r53q8MLLmEhSTQWZfhSmHOoYjnOCHSYp0XxgCCaSmV0h6WGJiTZplkwIaP7kRdI4rSCngu7OytWrPI4iOACH4BggcA6q4AbUQB0Q8AiewSt4s56sF+vd+pi2Fqx8Zh/8gfX1A9pAnt0=</latexit>

is also called encoded state
Imagine encoding this in a code as well!
|�iL = a|0iL|0iL|0iL + b|1iL|1iL|1iL

<latexit sha1_base64="+Y4c5omtkv99bDLsvvBODlz9g6s=">AAACTnicdVFLSwMxEM7WV62vVY9egkUQhLIrgl6EohcPHirYB3SXkk2nbWg2uyRZoWz7C72IN3+GFw+KaNruobZ2IPA9ZpjkSxBzprTjvFm5ldW19Y38ZmFre2d3z94/qKkokRSqNOKRbAREAWcCqpppDo1YAgkDDvWgfzv2608gFYvEox7E4IekK1iHUaKN1LJhiL24x7AniehyaN3ja0yGzgxfTs5wgIfurLuMtOyiU3ImhReBm4EiyqrSsl+9dkSTEISmnCjVdJ1Y+ymRmlEOo4KXKIgJ7ZMuNA0UJATlp5M4RvjEKG3ciaQ5QuOJOjuRklCpQRiYzpDonpr3xuJ/XjPRnSs/ZSJONAg6XdRJONYRHmeL20wC1XxgAKGSmbti2iOSUG1+oGBCcOefvAhq5yXXKbkPF8XyTRZHHh2hY3SKXHSJyugOVVAVUfSM3tEn+rJerA/r2/qZtuasbOYQ/alc/hdSR7GN</latexit><latexit sha1_base64="+Y4c5omtkv99bDLsvvBODlz9g6s=">AAACTnicdVFLSwMxEM7WV62vVY9egkUQhLIrgl6EohcPHirYB3SXkk2nbWg2uyRZoWz7C72IN3+GFw+KaNruobZ2IPA9ZpjkSxBzprTjvFm5ldW19Y38ZmFre2d3z94/qKkokRSqNOKRbAREAWcCqpppDo1YAgkDDvWgfzv2608gFYvEox7E4IekK1iHUaKN1LJhiL24x7AniehyaN3ja0yGzgxfTs5wgIfurLuMtOyiU3ImhReBm4EiyqrSsl+9dkSTEISmnCjVdJ1Y+ymRmlEOo4KXKIgJ7ZMuNA0UJATlp5M4RvjEKG3ciaQ5QuOJOjuRklCpQRiYzpDonpr3xuJ/XjPRnSs/ZSJONAg6XdRJONYRHmeL20wC1XxgAKGSmbti2iOSUG1+oGBCcOefvAhq5yXXKbkPF8XyTRZHHh2hY3SKXHSJyugOVVAVUfSM3tEn+rJerA/r2/qZtuasbOYQ/alc/hdSR7GN</latexit><latexit sha1_base64="+Y4c5omtkv99bDLsvvBODlz9g6s=">AAACTnicdVFLSwMxEM7WV62vVY9egkUQhLIrgl6EohcPHirYB3SXkk2nbWg2uyRZoWz7C72IN3+GFw+KaNruobZ2IPA9ZpjkSxBzprTjvFm5ldW19Y38ZmFre2d3z94/qKkokRSqNOKRbAREAWcCqpppDo1YAgkDDvWgfzv2608gFYvEox7E4IekK1iHUaKN1LJhiL24x7AniehyaN3ja0yGzgxfTs5wgIfurLuMtOyiU3ImhReBm4EiyqrSsl+9dkSTEISmnCjVdJ1Y+ymRmlEOo4KXKIgJ7ZMuNA0UJATlp5M4RvjEKG3ciaQ5QuOJOjuRklCpQRiYzpDonpr3xuJ/XjPRnSs/ZSJONAg6XdRJONYRHmeL20wC1XxgAKGSmbti2iOSUG1+oGBCcOefvAhq5yXXKbkPF8XyTRZHHh2hY3SKXHSJyugOVVAVUfSM3tEn+rJerA/r2/qZtuasbOYQ/alc/hdSR7GN</latexit><latexit sha1_base64="+Y4c5omtkv99bDLsvvBODlz9g6s=">AAACTnicdVFLSwMxEM7WV62vVY9egkUQhLIrgl6EohcPHirYB3SXkk2nbWg2uyRZoWz7C72IN3+GFw+KaNruobZ2IPA9ZpjkSxBzprTjvFm5ldW19Y38ZmFre2d3z94/qKkokRSqNOKRbAREAWcCqpppDo1YAgkDDvWgfzv2608gFYvEox7E4IekK1iHUaKN1LJhiL24x7AniehyaN3ja0yGzgxfTs5wgIfurLuMtOyiU3ImhReBm4EiyqrSsl+9dkSTEISmnCjVdJ1Y+ymRmlEOo4KXKIgJ7ZMuNA0UJATlp5M4RvjEKG3ciaQ5QuOJOjuRklCpQRiYzpDonpr3xuJ/XjPRnSs/ZSJONAg6XdRJONYRHmeL20wC1XxgAKGSmbti2iOSUG1+oGBCcOefvAhq5yXXKbkPF8XyTRZHHh2hY3SKXHSJyugOVVAVUfSM3tEn+rJerA/r2/qZtuasbOYQ/alc/hdSR7GN</latexit>

O(p) ! O(p2) ! O(p4)
<latexit sha1_base64="Kih2yfi3jubOYIHHBDZdqWer2Ks=">AAACE3icbZC7TgJBFIZn8YZ4W7W0mUhMwILsEhItiTZ2YiKXBFYyOwwwYXZ2M3NWQza8g42vYmOhMbY2dr6NA2yh4J9M8uc75+TM+f1IcA2O821lVlbX1jeym7mt7Z3dPXv/oKHDWFFWp6EIVcsnmgkuWR04CNaKFCOBL1jTH11O6817pjQP5S2MI+YFZCB5n1MCBnXt0+tCVMQdxQdDIEqFD9iAu/IyqhS7dt4pOTPhZeOmJo9S1br2V6cX0jhgEqggWrddJwIvIQo4FWyS68SaRYSOyIC1jZUkYNpLZjdN8IkhPdwPlXkS8Iz+nkhIoPU48E1nQGCoF2tT+F+tHUP/3Eu4jGJgks4X9WOBIcTTgHCPK0ZBjI0hVHHzV0yHRBEKJsacCcFdPHnZNMol1ym5N5V89SKNI4uO0DEqIBedoSq6QjVURxQ9omf0it6sJ+vFerc+5q0ZK505RH9kff4AIVCcaw==</latexit><latexit sha1_base64="Kih2yfi3jubOYIHHBDZdqWer2Ks=">AAACE3icbZC7TgJBFIZn8YZ4W7W0mUhMwILsEhItiTZ2YiKXBFYyOwwwYXZ2M3NWQza8g42vYmOhMbY2dr6NA2yh4J9M8uc75+TM+f1IcA2O821lVlbX1jeym7mt7Z3dPXv/oKHDWFFWp6EIVcsnmgkuWR04CNaKFCOBL1jTH11O6817pjQP5S2MI+YFZCB5n1MCBnXt0+tCVMQdxQdDIEqFD9iAu/IyqhS7dt4pOTPhZeOmJo9S1br2V6cX0jhgEqggWrddJwIvIQo4FWyS68SaRYSOyIC1jZUkYNpLZjdN8IkhPdwPlXkS8Iz+nkhIoPU48E1nQGCoF2tT+F+tHUP/3Eu4jGJgks4X9WOBIcTTgHCPK0ZBjI0hVHHzV0yHRBEKJsacCcFdPHnZNMol1ym5N5V89SKNI4uO0DEqIBedoSq6QjVURxQ9omf0it6sJ+vFerc+5q0ZK505RH9kff4AIVCcaw==</latexit><latexit sha1_base64="Kih2yfi3jubOYIHHBDZdqWer2Ks=">AAACE3icbZC7TgJBFIZn8YZ4W7W0mUhMwILsEhItiTZ2YiKXBFYyOwwwYXZ2M3NWQza8g42vYmOhMbY2dr6NA2yh4J9M8uc75+TM+f1IcA2O821lVlbX1jeym7mt7Z3dPXv/oKHDWFFWp6EIVcsnmgkuWR04CNaKFCOBL1jTH11O6817pjQP5S2MI+YFZCB5n1MCBnXt0+tCVMQdxQdDIEqFD9iAu/IyqhS7dt4pOTPhZeOmJo9S1br2V6cX0jhgEqggWrddJwIvIQo4FWyS68SaRYSOyIC1jZUkYNpLZjdN8IkhPdwPlXkS8Iz+nkhIoPU48E1nQGCoF2tT+F+tHUP/3Eu4jGJgks4X9WOBIcTTgHCPK0ZBjI0hVHHzV0yHRBEKJsacCcFdPHnZNMol1ym5N5V89SKNI4uO0DEqIBedoSq6QjVURxQ9omf0it6sJ+vFerc+5q0ZK505RH9kff4AIVCcaw==</latexit><latexit sha1_base64="Kih2yfi3jubOYIHHBDZdqWer2Ks=">AAACE3icbZC7TgJBFIZn8YZ4W7W0mUhMwILsEhItiTZ2YiKXBFYyOwwwYXZ2M3NWQza8g42vYmOhMbY2dr6NA2yh4J9M8uc75+TM+f1IcA2O821lVlbX1jeym7mt7Z3dPXv/oKHDWFFWp6EIVcsnmgkuWR04CNaKFCOBL1jTH11O6817pjQP5S2MI+YFZCB5n1MCBnXt0+tCVMQdxQdDIEqFD9iAu/IyqhS7dt4pOTPhZeOmJo9S1br2V6cX0jhgEqggWrddJwIvIQo4FWyS68SaRYSOyIC1jZUkYNpLZjdN8IkhPdwPlXkS8Iz+nkhIoPU48E1nQGCoF2tT+F+tHUP/3Eu4jGJgks4X9WOBIcTTgHCPK0ZBjI0hVHHzV0yHRBEKJsacCcFdPHnZNMol1ym5N5V89SKNI4uO0DEqIBedoSq6QjVURxQ9omf0it6sJ+vFerc+5q0ZK505RH9kff4AIVCcaw==</latexit>

Concatenation

If we repeat this a small number of times, the error 
becomes negligible



Other codes

| iL = a|+++i+ b|���i
<latexit sha1_base64="AohZMCra7QjPDhcOiNhwJLFVt/E=">AAACG3icbVDLSsNAFJ3UV62vqEs3g0UQQktSBN0IRTcuXFSwD2hCmUwn7dDJJMxMhJL2P9z4K25cKOJKcOHfOG2jaOuBgcM553LnHj9mVCrb/jRyS8srq2v59cLG5tb2jrm715BRIjCp44hFouUjSRjlpK6oYqQVC4JCn5GmP7ic+M07IiSN+K0axsQLUY/TgGKktNQxKyPoxpJCVyDeY6RzDc8hgiPLsr4laEEfjkql0k/GLNplewq4SJyMFEGGWsd8d7sRTkLCFWZIyrZjx8pLkVAUMzIuuIkkMcID1CNtTTkKifTS6W1jeKSVLgwioR9XcKr+nkhRKOUw9HUyRKov572J+J/XTlRw5qWUx4kiHM8WBQmDKoKTomCXCoIVG2qCsKD6rxD3kUBY6ToLugRn/uRF0qiUHbvs3JwUqxdZHXlwAA7BMXDAKaiCK1ADdYDBPXgEz+DFeDCejFfjbRbNGdnMPvgD4+MLJDueWA==</latexit><latexit sha1_base64="AohZMCra7QjPDhcOiNhwJLFVt/E=">AAACG3icbVDLSsNAFJ3UV62vqEs3g0UQQktSBN0IRTcuXFSwD2hCmUwn7dDJJMxMhJL2P9z4K25cKOJKcOHfOG2jaOuBgcM553LnHj9mVCrb/jRyS8srq2v59cLG5tb2jrm715BRIjCp44hFouUjSRjlpK6oYqQVC4JCn5GmP7ic+M07IiSN+K0axsQLUY/TgGKktNQxKyPoxpJCVyDeY6RzDc8hgiPLsr4laEEfjkql0k/GLNplewq4SJyMFEGGWsd8d7sRTkLCFWZIyrZjx8pLkVAUMzIuuIkkMcID1CNtTTkKifTS6W1jeKSVLgwioR9XcKr+nkhRKOUw9HUyRKov572J+J/XTlRw5qWUx4kiHM8WBQmDKoKTomCXCoIVG2qCsKD6rxD3kUBY6ToLugRn/uRF0qiUHbvs3JwUqxdZHXlwAA7BMXDAKaiCK1ADdYDBPXgEz+DFeDCejFfjbRbNGdnMPvgD4+MLJDueWA==</latexit><latexit sha1_base64="AohZMCra7QjPDhcOiNhwJLFVt/E=">AAACG3icbVDLSsNAFJ3UV62vqEs3g0UQQktSBN0IRTcuXFSwD2hCmUwn7dDJJMxMhJL2P9z4K25cKOJKcOHfOG2jaOuBgcM553LnHj9mVCrb/jRyS8srq2v59cLG5tb2jrm715BRIjCp44hFouUjSRjlpK6oYqQVC4JCn5GmP7ic+M07IiSN+K0axsQLUY/TgGKktNQxKyPoxpJCVyDeY6RzDc8hgiPLsr4laEEfjkql0k/GLNplewq4SJyMFEGGWsd8d7sRTkLCFWZIyrZjx8pLkVAUMzIuuIkkMcID1CNtTTkKifTS6W1jeKSVLgwioR9XcKr+nkhRKOUw9HUyRKov572J+J/XTlRw5qWUx4kiHM8WBQmDKoKTomCXCoIVG2qCsKD6rxD3kUBY6ToLugRn/uRF0qiUHbvs3JwUqxdZHXlwAA7BMXDAKaiCK1ADdYDBPXgEz+DFeDCejFfjbRbNGdnMPvgD4+MLJDueWA==</latexit><latexit sha1_base64="AohZMCra7QjPDhcOiNhwJLFVt/E=">AAACG3icbVDLSsNAFJ3UV62vqEs3g0UQQktSBN0IRTcuXFSwD2hCmUwn7dDJJMxMhJL2P9z4K25cKOJKcOHfOG2jaOuBgcM553LnHj9mVCrb/jRyS8srq2v59cLG5tb2jrm715BRIjCp44hFouUjSRjlpK6oYqQVC4JCn5GmP7ic+M07IiSN+K0axsQLUY/TgGKktNQxKyPoxpJCVyDeY6RzDc8hgiPLsr4laEEfjkql0k/GLNplewq4SJyMFEGGWsd8d7sRTkLCFWZIyrZjx8pLkVAUMzIuuIkkMcID1CNtTTkKifTS6W1jeKSVLgwioR9XcKr+nkhRKOUw9HUyRKov572J+J/XTlRw5qWUx4kiHM8WBQmDKoKTomCXCoIVG2qCsKD6rxD3kUBY6ToLugRn/uRF0qiUHbvs3JwUqxdZHXlwAA7BMXDAKaiCK1ADdYDBPXgEz+DFeDCejFfjbRbNGdnMPvgD4+MLJDueWA==</latexit>

This code can correct single-qubit Z errors

Take each qubit of this state and encode it in the 
bit-flip code from before

We will get a 9-qubit code that can correct for 
both X and Z errors

Can be shown that this is enough to detect  
any single-qubit error

Shor’s code



Fault tolerance in a nutshell

Use lots of physical qubits to encode fewer logical qubits

| iL
<latexit sha1_base64="2ioWhK5jN9IKzknG2M/xXyCVeWU=">AAAB+XicbVDLSgNBEOyNrxhfqx69DAbBU9gVQY9BLx48RDAPSJZldtJJhszOLjOzgbDmT7x4UMSrf+LNv3HyOGhiQUNR1U13V5QKro3nfTuFtfWNza3idmlnd2//wD08augkUwzrLBGJakVUo+AS64Ybga1UIY0jgc1oeDv1myNUmify0YxTDGLal7zHGTVWCl33iXRSzUlHUdkXGN6HbtmreDOQVeIvSBkWqIXuV6ebsCxGaZigWrd9LzVBTpXhTOCk1Mk0ppQNaR/blkoaow7y2eUTcmaVLuklypY0ZKb+nshprPU4jmxnTM1AL3tT8T+vnZnedZBzmWYGJZsv6mWCmIRMYyBdrpAZMbaEMsXtrYQNqKLM2LBKNgR/+eVV0rio+F7Ff7gsV28WcRThBE7hHHy4gircQQ3qwGAEz/AKb07uvDjvzse8teAsZo7hD5zPH+weky8=</latexit><latexit sha1_base64="2ioWhK5jN9IKzknG2M/xXyCVeWU=">AAAB+XicbVDLSgNBEOyNrxhfqx69DAbBU9gVQY9BLx48RDAPSJZldtJJhszOLjOzgbDmT7x4UMSrf+LNv3HyOGhiQUNR1U13V5QKro3nfTuFtfWNza3idmlnd2//wD08augkUwzrLBGJakVUo+AS64Ybga1UIY0jgc1oeDv1myNUmify0YxTDGLal7zHGTVWCl33iXRSzUlHUdkXGN6HbtmreDOQVeIvSBkWqIXuV6ebsCxGaZigWrd9LzVBTpXhTOCk1Mk0ppQNaR/blkoaow7y2eUTcmaVLuklypY0ZKb+nshprPU4jmxnTM1AL3tT8T+vnZnedZBzmWYGJZsv6mWCmIRMYyBdrpAZMbaEMsXtrYQNqKLM2LBKNgR/+eVV0rio+F7Ff7gsV28WcRThBE7hHHy4gircQQ3qwGAEz/AKb07uvDjvzse8teAsZo7hD5zPH+weky8=</latexit><latexit sha1_base64="2ioWhK5jN9IKzknG2M/xXyCVeWU=">AAAB+XicbVDLSgNBEOyNrxhfqx69DAbBU9gVQY9BLx48RDAPSJZldtJJhszOLjOzgbDmT7x4UMSrf+LNv3HyOGhiQUNR1U13V5QKro3nfTuFtfWNza3idmlnd2//wD08augkUwzrLBGJakVUo+AS64Ybga1UIY0jgc1oeDv1myNUmify0YxTDGLal7zHGTVWCl33iXRSzUlHUdkXGN6HbtmreDOQVeIvSBkWqIXuV6ebsCxGaZigWrd9LzVBTpXhTOCk1Mk0ppQNaR/blkoaow7y2eUTcmaVLuklypY0ZKb+nshprPU4jmxnTM1AL3tT8T+vnZnedZBzmWYGJZsv6mWCmIRMYyBdrpAZMbaEMsXtrYQNqKLM2LBKNgR/+eVV0rio+F7Ff7gsV28WcRThBE7hHHy4gircQQ3qwGAEz/AKb07uvDjvzse8teAsZo7hD5zPH+weky8=</latexit><latexit sha1_base64="2ioWhK5jN9IKzknG2M/xXyCVeWU=">AAAB+XicbVDLSgNBEOyNrxhfqx69DAbBU9gVQY9BLx48RDAPSJZldtJJhszOLjOzgbDmT7x4UMSrf+LNv3HyOGhiQUNR1U13V5QKro3nfTuFtfWNza3idmlnd2//wD08augkUwzrLBGJakVUo+AS64Ybga1UIY0jgc1oeDv1myNUmify0YxTDGLal7zHGTVWCl33iXRSzUlHUdkXGN6HbtmreDOQVeIvSBkWqIXuV6ebsCxGaZigWrd9LzVBTpXhTOCk1Mk0ppQNaR/blkoaow7y2eUTcmaVLuklypY0ZKb+nshprPU4jmxnTM1AL3tT8T+vnZnedZBzmWYGJZsv6mWCmIRMYyBdrpAZMbaEMsXtrYQNqKLM2LBKNgR/+eVV0rio+F7Ff7gsV28WcRThBE7hHHy4gircQQ3qwGAEz/AKb07uvDjvzse8teAsZo7hD5zPH+weky8=</latexit>

Perform periodic syndrome measurements to detect errors
Apply appropriate correction procedures

Continue with quantum computation
Repeat



Thresholds

Thresholds depend a lot on assumptions about the 
error model

For a fairly typical error model  
(independent depolarising noise errors) 

Surface code
0.6%� 1%

<latexit sha1_base64="/SG2GcIxQsQ7kV0RW7++Gutzg8o=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LJaCF0Mioh6LXjxWsB+QhLLZbtqlm92wuxFK6c/w4kERr/4ab/4bt20O2vpg4PHeDDPz4owzbTzv2ymtrW9sbpW3Kzu7e/sH1cOjtpa5IrRFJJeqG2NNORO0ZZjhtJspitOY0048upv5nSeqNJPi0YwzGqV4IFjCCDZWCjz3Kqyjc+SH9V615rneHGiV+AWpQYFmr/oV9iXJUyoM4VjrwPcyE02wMoxwOq2EuaYZJiM8oIGlAqdUR5P5yVNUt0ofJVLZEgbN1d8TE5xqPU5j25liM9TL3kz8zwtyk9xEEyay3FBBFouSnCMj0ex/1GeKEsPHlmCimL0VkSFWmBibUsWG4C+/vEraF67vuf7DZa1xW8RRhhM4hTPw4RoacA9NaAEBCc/wCm+OcV6cd+dj0Vpyiplj+APn8wcDuI8c</latexit><latexit sha1_base64="/SG2GcIxQsQ7kV0RW7++Gutzg8o=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LJaCF0Mioh6LXjxWsB+QhLLZbtqlm92wuxFK6c/w4kERr/4ab/4bt20O2vpg4PHeDDPz4owzbTzv2ymtrW9sbpW3Kzu7e/sH1cOjtpa5IrRFJJeqG2NNORO0ZZjhtJspitOY0048upv5nSeqNJPi0YwzGqV4IFjCCDZWCjz3Kqyjc+SH9V615rneHGiV+AWpQYFmr/oV9iXJUyoM4VjrwPcyE02wMoxwOq2EuaYZJiM8oIGlAqdUR5P5yVNUt0ofJVLZEgbN1d8TE5xqPU5j25liM9TL3kz8zwtyk9xEEyay3FBBFouSnCMj0ex/1GeKEsPHlmCimL0VkSFWmBibUsWG4C+/vEraF67vuf7DZa1xW8RRhhM4hTPw4RoacA9NaAEBCc/wCm+OcV6cd+dj0Vpyiplj+APn8wcDuI8c</latexit><latexit sha1_base64="/SG2GcIxQsQ7kV0RW7++Gutzg8o=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LJaCF0Mioh6LXjxWsB+QhLLZbtqlm92wuxFK6c/w4kERr/4ab/4bt20O2vpg4PHeDDPz4owzbTzv2ymtrW9sbpW3Kzu7e/sH1cOjtpa5IrRFJJeqG2NNORO0ZZjhtJspitOY0048upv5nSeqNJPi0YwzGqV4IFjCCDZWCjz3Kqyjc+SH9V615rneHGiV+AWpQYFmr/oV9iXJUyoM4VjrwPcyE02wMoxwOq2EuaYZJiM8oIGlAqdUR5P5yVNUt0ofJVLZEgbN1d8TE5xqPU5j25liM9TL3kz8zwtyk9xEEyay3FBBFouSnCMj0ex/1GeKEsPHlmCimL0VkSFWmBibUsWG4C+/vEraF67vuf7DZa1xW8RRhhM4hTPw4RoacA9NaAEBCc/wCm+OcV6cd+dj0Vpyiplj+APn8wcDuI8c</latexit><latexit sha1_base64="/SG2GcIxQsQ7kV0RW7++Gutzg8o=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LJaCF0Mioh6LXjxWsB+QhLLZbtqlm92wuxFK6c/w4kERr/4ab/4bt20O2vpg4PHeDDPz4owzbTzv2ymtrW9sbpW3Kzu7e/sH1cOjtpa5IrRFJJeqG2NNORO0ZZjhtJspitOY0048upv5nSeqNJPi0YwzGqV4IFjCCDZWCjz3Kqyjc+SH9V615rneHGiV+AWpQYFmr/oV9iXJUyoM4VjrwPcyE02wMoxwOq2EuaYZJiM8oIGlAqdUR5P5yVNUt0ofJVLZEgbN1d8TE5xqPU5j25liM9TL3kz8zwtyk9xEEyay3FBBFouSnCMj0ex/1GeKEsPHlmCimL0VkSFWmBibUsWG4C+/vEraF67vuf7DZa1xW8RRhhM4hTPw4RoacA9NaAEBCc/wCm+OcV6cd+dj0Vpyiplj+APn8wcDuI8c</latexit>

However…

It requires 1000-10.000 physical qubits per logical qubit



Thresholds

Better thresholds for different noise models

If      errors are 10 times more likely than other errorsZ
<latexit sha1_base64="GVcMqvlue25tqa0uw4YcPnBW1rQ=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae2oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHst7M0nQj+hQ8pAzaqzUeOiXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBuMGM3g==</latexit><latexit sha1_base64="GVcMqvlue25tqa0uw4YcPnBW1rQ=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae2oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHst7M0nQj+hQ8pAzaqzUeOiXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBuMGM3g==</latexit><latexit sha1_base64="GVcMqvlue25tqa0uw4YcPnBW1rQ=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae2oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHst7M0nQj+hQ8pAzaqzUeOiXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBuMGM3g==</latexit><latexit sha1_base64="GVcMqvlue25tqa0uw4YcPnBW1rQ=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae2oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHst7M0nQj+hQ8pAzaqzUeOiXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBuMGM3g==</latexit>

28.2%
<latexit sha1_base64="8SQwokTO9OCtoAarROfzYCdh818=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CZaCp2W3CO2x6MVjBfsB7VKyabaNzSZLkhXK0v/gxYMiXv0/3vw3pu0etPXBwOO9GWbmhQln2njet1PY2t7Z3Svulw4Oj45PyqdnHS1TRWibSC5VL8SaciZo2zDDaS9RFMchp91wervwu09UaSbFg5klNIjxWLCIEWys1Kk13NqgOixXPNdbAm0SPycVyNEalr8GI0nSmApDONa673uJCTKsDCOczkuDVNMEkyke076lAsdUB9ny2jmqWmWEIqlsCYOW6u+JDMdaz+LQdsbYTPS6txD/8/qpiRpBxkSSGirIalGUcmQkWryORkxRYvjMEkwUs7ciMsEKE2MDKtkQ/PWXN0mn5vqe699fV5o3eRxFuIBLuAIf6tCEO2hBGwg8wjO8wpsjnRfn3flYtRacfOYc/sD5/AHhz44B</latexit><latexit sha1_base64="8SQwokTO9OCtoAarROfzYCdh818=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CZaCp2W3CO2x6MVjBfsB7VKyabaNzSZLkhXK0v/gxYMiXv0/3vw3pu0etPXBwOO9GWbmhQln2njet1PY2t7Z3Svulw4Oj45PyqdnHS1TRWibSC5VL8SaciZo2zDDaS9RFMchp91wervwu09UaSbFg5klNIjxWLCIEWys1Kk13NqgOixXPNdbAm0SPycVyNEalr8GI0nSmApDONa673uJCTKsDCOczkuDVNMEkyke076lAsdUB9ny2jmqWmWEIqlsCYOW6u+JDMdaz+LQdsbYTPS6txD/8/qpiRpBxkSSGirIalGUcmQkWryORkxRYvjMEkwUs7ciMsEKE2MDKtkQ/PWXN0mn5vqe699fV5o3eRxFuIBLuAIf6tCEO2hBGwg8wjO8wpsjnRfn3flYtRacfOYc/sD5/AHhz44B</latexit><latexit sha1_base64="8SQwokTO9OCtoAarROfzYCdh818=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CZaCp2W3CO2x6MVjBfsB7VKyabaNzSZLkhXK0v/gxYMiXv0/3vw3pu0etPXBwOO9GWbmhQln2njet1PY2t7Z3Svulw4Oj45PyqdnHS1TRWibSC5VL8SaciZo2zDDaS9RFMchp91wervwu09UaSbFg5klNIjxWLCIEWys1Kk13NqgOixXPNdbAm0SPycVyNEalr8GI0nSmApDONa673uJCTKsDCOczkuDVNMEkyke076lAsdUB9ny2jmqWmWEIqlsCYOW6u+JDMdaz+LQdsbYTPS6txD/8/qpiRpBxkSSGirIalGUcmQkWryORkxRYvjMEkwUs7ciMsEKE2MDKtkQ/PWXN0mn5vqe699fV5o3eRxFuIBLuAIf6tCEO2hBGwg8wjO8wpsjnRfn3flYtRacfOYc/sD5/AHhz44B</latexit><latexit sha1_base64="8SQwokTO9OCtoAarROfzYCdh818=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CZaCp2W3CO2x6MVjBfsB7VKyabaNzSZLkhXK0v/gxYMiXv0/3vw3pu0etPXBwOO9GWbmhQln2njet1PY2t7Z3Svulw4Oj45PyqdnHS1TRWibSC5VL8SaciZo2zDDaS9RFMchp91wervwu09UaSbFg5klNIjxWLCIEWys1Kk13NqgOixXPNdbAm0SPycVyNEalr8GI0nSmApDONa673uJCTKsDCOczkuDVNMEkyke076lAsdUB9ny2jmqWmWEIqlsCYOW6u+JDMdaz+LQdsbYTPS6txD/8/qpiRpBxkSSGirIalGUcmQkWryORkxRYvjMEkwUs7ciMsEKE2MDKtkQ/PWXN0mn5vqe699fV5o3eRxFuIBLuAIf6tCEO2hBGwg8wjO8wpsjnRfn3flYtRacfOYc/sD5/AHhz44B</latexit>

But we still need large numbers of good qubits

Quality and quantity

Research into quantum error correction is ongoing, 
we might find better codes



How many physical qubits to run Shor for 512-bit numbers?

We saw that to factor an N-bit number, we need 2N qubits
X

x

|xi|f(x)i
<latexit sha1_base64="/y5AjKBvzp/Z+qeLX0h8QlB3Icc=">AAACCHicbVDLSgMxFM34rPU16tKFwSLUTZkRQZdFNy4r2Ad0hiGTZtrQJDMkGWmZdunGX3HjQhG3foI7/8a0HUFbD1w4Oedecu8JE0aVdpwva2l5ZXVtvbBR3Nza3tm19/YbKk4lJnUcs1i2QqQIo4LUNdWMtBJJEA8ZaYb964nfvCdS0Vjc6WFCfI66gkYUI22kwD7yVMqDARwNoCeR6DICR1F5cPrzCuySU3GmgIvEzUkJ5KgF9qfXiXHKidCYIaXarpNoP0NSU8zIuOiliiQI91GXtA0ViBPlZ9NDxvDEKB0YxdKU0HCq/p7IEFdqyEPTyZHuqXlvIv7ntVMdXfoZFUmqicCzj6KUQR3DSSqwQyXBmg0NQVhSsyvEPSQR1ia7ognBnT95kTTOKq5TcW/PS9WrPI4COATHoAxccAGq4AbUQB1g8ACewAt4tR6tZ+vNep+1Lln5zAH4A+vjG9TymTI=</latexit><latexit sha1_base64="/y5AjKBvzp/Z+qeLX0h8QlB3Icc=">AAACCHicbVDLSgMxFM34rPU16tKFwSLUTZkRQZdFNy4r2Ad0hiGTZtrQJDMkGWmZdunGX3HjQhG3foI7/8a0HUFbD1w4Oedecu8JE0aVdpwva2l5ZXVtvbBR3Nza3tm19/YbKk4lJnUcs1i2QqQIo4LUNdWMtBJJEA8ZaYb964nfvCdS0Vjc6WFCfI66gkYUI22kwD7yVMqDARwNoCeR6DICR1F5cPrzCuySU3GmgIvEzUkJ5KgF9qfXiXHKidCYIaXarpNoP0NSU8zIuOiliiQI91GXtA0ViBPlZ9NDxvDEKB0YxdKU0HCq/p7IEFdqyEPTyZHuqXlvIv7ntVMdXfoZFUmqicCzj6KUQR3DSSqwQyXBmg0NQVhSsyvEPSQR1ia7ognBnT95kTTOKq5TcW/PS9WrPI4COATHoAxccAGq4AbUQB1g8ACewAt4tR6tZ+vNep+1Lln5zAH4A+vjG9TymTI=</latexit><latexit sha1_base64="/y5AjKBvzp/Z+qeLX0h8QlB3Icc=">AAACCHicbVDLSgMxFM34rPU16tKFwSLUTZkRQZdFNy4r2Ad0hiGTZtrQJDMkGWmZdunGX3HjQhG3foI7/8a0HUFbD1w4Oedecu8JE0aVdpwva2l5ZXVtvbBR3Nza3tm19/YbKk4lJnUcs1i2QqQIo4LUNdWMtBJJEA8ZaYb964nfvCdS0Vjc6WFCfI66gkYUI22kwD7yVMqDARwNoCeR6DICR1F5cPrzCuySU3GmgIvEzUkJ5KgF9qfXiXHKidCYIaXarpNoP0NSU8zIuOiliiQI91GXtA0ViBPlZ9NDxvDEKB0YxdKU0HCq/p7IEFdqyEPTyZHuqXlvIv7ntVMdXfoZFUmqicCzj6KUQR3DSSqwQyXBmg0NQVhSsyvEPSQR1ia7ognBnT95kTTOKq5TcW/PS9WrPI4COATHoAxccAGq4AbUQB1g8ACewAt4tR6tZ+vNep+1Lln5zAH4A+vjG9TymTI=</latexit><latexit sha1_base64="/y5AjKBvzp/Z+qeLX0h8QlB3Icc=">AAACCHicbVDLSgMxFM34rPU16tKFwSLUTZkRQZdFNy4r2Ad0hiGTZtrQJDMkGWmZdunGX3HjQhG3foI7/8a0HUFbD1w4Oedecu8JE0aVdpwva2l5ZXVtvbBR3Nza3tm19/YbKk4lJnUcs1i2QqQIo4LUNdWMtBJJEA8ZaYb964nfvCdS0Vjc6WFCfI66gkYUI22kwD7yVMqDARwNoCeR6DICR1F5cPrzCuySU3GmgIvEzUkJ5KgF9qfXiXHKidCYIaXarpNoP0NSU8zIuOiliiQI91GXtA0ViBPlZ9NDxvDEKB0YxdKU0HCq/p7IEFdqyEPTyZHuqXlvIv7ntVMdXfoZFUmqicCzj6KUQR3DSSqwQyXBmg0NQVhSsyvEPSQR1ia7ognBnT95kTTOKq5TcW/PS9WrPI4COATHoAxccAGq4AbUQB1g8ACewAt4tR6tZ+vNep+1Lln5zAH4A+vjG9TymTI=</latexit>

These should be logical qubits

Let’s say 1000 physical qubits per logical qubit

Around one million physical qubits

This will be a very rough estimate :)







Quantum computational supremacy

Solving a problem on a QC in less time than on the 
best classical computers with the best algorithms

Complexity theoretic arguments for hardness

Sampling problems

Random circuit sampling



Quantum computational supremacy

Might not require fault tolerance

You just need ~100 qubits and long enough coherence times 
and low enough errors to do (say) 10.000 gates



Verification of quantum computation

How do we verify the correctness of quantum computations?

NPPBQP

Efficiently computable 
on quantum computer

Efficiently verifiable 
solutions

BQP



Verification of quantum computation

How do we verify the correctness of quantum computations?

Prover
Verifier

Classical 
computer

Quantum 
computer

01011100101

https://arxiv.org/abs/1709.06984 

https://arxiv.org/abs/1709.06984


Topological quantum computing

Initialise 
(create Majorana particles)

Quantum computation 
(braid particles)

Measurement 
(fuse particles)



Topological quantum computing

Initialise 
(create Majorana particles)

Quantum computation 
(braid particles)

Measurement 
(fuse particles)

Outcome 0



Topological quantum computing

Initialise 
(create Majorana particles)

Quantum computation 
(braid particles)

Measurement 
(fuse particles)

Outcome 1



Topological quantum computing

Superconductor Superconductor

Topological superconductor

Majorana 
fermion

Majorana 
fermion



Topological quantum computing



What if quantum computing doesn’t pan out?

The theory of QC is still relevant

GR QM

Quantum
Gravity

Quantum error- 
correcting codes

Quantum 
information

Recommender systems

Efficient quantum algorithm

Efficient classical algorithm

Theoretical physics

De-quantising



My own thoughts and predictions

I think there will be large scale quantum computers 
in my lifetime

But I’m a theorist, so to me it’s interesting either way :)

Quantum computational supremacy 
My prediction: 2-3 years

Large scale QC (factoring 512-bit numbers) 
My prediction: 25-30 years

Likely many interesting developments along the way
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