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Quantum Complexity
How to build states given a set of unitary operators?

Nielsen (et.al.) 2005-2007

Hilbert Space with dim(H) = 2n
<latexit sha1_base64="+Ok1M4z6Ki/s8myYaB01goOc3PM=">AAACBHicbVA9TwJBEN3DL8SvU0stNoIJNuSORi1MiDaUmIiQcCfZWxbYsLd32Z0zkguNjX/FxkKNrT/Czn/j8lEo+JJJXt6bycy8IBZcg+N8W5ml5ZXVtex6bmNza3vH3t271VGiKKvTSESqGRDNBJesDhwEa8aKkTAQrBEMrsZ+454pzSN5A8OY+SHpSd7llICR2vZhwQP2AGmHh6Ni6lEicHV0gi9w+U4W2nbeKTkT4EXizkgezVBr219eJ6JJyCRQQbRuuU4MfkoUcCrYKOclmsWEDkiPtQyVJGTaTydfjPCxUTq4GylTEvBE/T2RklDrYRiYzpBAX897Y/E/r5VA98xPuYwTYJJOF3UTgSHC40hwhytGQQwNIVRxcyumfaIIBRNczoTgzr+8SOrl0nnJvS7nK5ezNLLoAB2hInLRKaqgKqqhOqLoET2jV/RmPVkv1rv1MW3NWLOZffQH1ucPokOW6A==</latexit><latexit sha1_base64="+Ok1M4z6Ki/s8myYaB01goOc3PM=">AAACBHicbVA9TwJBEN3DL8SvU0stNoIJNuSORi1MiDaUmIiQcCfZWxbYsLd32Z0zkguNjX/FxkKNrT/Czn/j8lEo+JJJXt6bycy8IBZcg+N8W5ml5ZXVtex6bmNza3vH3t271VGiKKvTSESqGRDNBJesDhwEa8aKkTAQrBEMrsZ+454pzSN5A8OY+SHpSd7llICR2vZhwQP2AGmHh6Ni6lEicHV0gi9w+U4W2nbeKTkT4EXizkgezVBr219eJ6JJyCRQQbRuuU4MfkoUcCrYKOclmsWEDkiPtQyVJGTaTydfjPCxUTq4GylTEvBE/T2RklDrYRiYzpBAX897Y/E/r5VA98xPuYwTYJJOF3UTgSHC40hwhytGQQwNIVRxcyumfaIIBRNczoTgzr+8SOrl0nnJvS7nK5ezNLLoAB2hInLRKaqgKqqhOqLoET2jV/RmPVkv1rv1MW3NWLOZffQH1ucPokOW6A==</latexit><latexit sha1_base64="+Ok1M4z6Ki/s8myYaB01goOc3PM=">AAACBHicbVA9TwJBEN3DL8SvU0stNoIJNuSORi1MiDaUmIiQcCfZWxbYsLd32Z0zkguNjX/FxkKNrT/Czn/j8lEo+JJJXt6bycy8IBZcg+N8W5ml5ZXVtex6bmNza3vH3t271VGiKKvTSESqGRDNBJesDhwEa8aKkTAQrBEMrsZ+454pzSN5A8OY+SHpSd7llICR2vZhwQP2AGmHh6Ni6lEicHV0gi9w+U4W2nbeKTkT4EXizkgezVBr219eJ6JJyCRQQbRuuU4MfkoUcCrYKOclmsWEDkiPtQyVJGTaTydfjPCxUTq4GylTEvBE/T2RklDrYRiYzpBAX897Y/E/r5VA98xPuYwTYJJOF3UTgSHC40hwhytGQQwNIVRxcyumfaIIBRNczoTgzr+8SOrl0nnJvS7nK5ezNLLoAB2hInLRKaqgKqqhOqLoET2jV/RmPVkv1rv1MW3NWLOZffQH1ucPokOW6A==</latexit><latexit sha1_base64="+Ok1M4z6Ki/s8myYaB01goOc3PM=">AAACBHicbVA9TwJBEN3DL8SvU0stNoIJNuSORi1MiDaUmIiQcCfZWxbYsLd32Z0zkguNjX/FxkKNrT/Czn/j8lEo+JJJXt6bycy8IBZcg+N8W5ml5ZXVtex6bmNza3vH3t271VGiKKvTSESqGRDNBJesDhwEa8aKkTAQrBEMrsZ+454pzSN5A8OY+SHpSd7llICR2vZhwQP2AGmHh6Ni6lEicHV0gi9w+U4W2nbeKTkT4EXizkgezVBr219eJ6JJyCRQQbRuuU4MfkoUcCrYKOclmsWEDkiPtQyVJGTaTydfjPCxUTq4GylTEvBE/T2RklDrYRiYzpBAX897Y/E/r5VA98xPuYwTYJJOF3UTgSHC40hwhytGQQwNIVRxcyumfaIIBRNczoTgzr+8SOrl0nnJvS7nK5ezNLLoAB2hInLRKaqgKqqhOqLoET2jV/RmPVkv1rv1MW3NWLOZffQH1ucPokOW6A==</latexit>

Gates {Ui}
<latexit sha1_base64="KhLabCBnpT7TcsyXNP++qVvdxJY=">AAAB/XicbVBNS8NAEN34WetXVDx5WWwFTyXpRb0VvXisYGyhCWGz3bRLN5uwOxFKKPhXvHhQ8er/8Oa/cdvmoK0PBh7vzTAzL8oE1+A439bK6tr6xmZlq7q9s7u3bx8cPug0V5R5NBWp6kZEM8El84CDYN1MMZJEgnWi0c3U7zwypXkq72GcsSAhA8ljTgkYKbSP675gMfiFF3LsKz4Ygj+ph3bNaTgz4GXilqSGSrRD+8vvpzRPmAQqiNY918kgKIgCTgWbVP1cs4zQERmwnqGSJEwHxez8CT4zSh/HqTIlAc/U3xMFSbQeJ5HpTAgM9aI3Ff/zejnEl0HBZZYDk3S+KM4FhhRPs8B9rhgFMTaEUMXNrZgOiSIUTGJVE4K7+PIy8ZqNq4Z716y1rss0KugEnaJz5KIL1EK3qI08RFGBntErerOerBfr3fqYt65Y5cwR+gPr8wfvapUF</latexit><latexit sha1_base64="KhLabCBnpT7TcsyXNP++qVvdxJY=">AAAB/XicbVBNS8NAEN34WetXVDx5WWwFTyXpRb0VvXisYGyhCWGz3bRLN5uwOxFKKPhXvHhQ8er/8Oa/cdvmoK0PBh7vzTAzL8oE1+A439bK6tr6xmZlq7q9s7u3bx8cPug0V5R5NBWp6kZEM8El84CDYN1MMZJEgnWi0c3U7zwypXkq72GcsSAhA8ljTgkYKbSP675gMfiFF3LsKz4Ygj+ph3bNaTgz4GXilqSGSrRD+8vvpzRPmAQqiNY918kgKIgCTgWbVP1cs4zQERmwnqGSJEwHxez8CT4zSh/HqTIlAc/U3xMFSbQeJ5HpTAgM9aI3Ff/zejnEl0HBZZYDk3S+KM4FhhRPs8B9rhgFMTaEUMXNrZgOiSIUTGJVE4K7+PIy8ZqNq4Z716y1rss0KugEnaJz5KIL1EK3qI08RFGBntErerOerBfr3fqYt65Y5cwR+gPr8wfvapUF</latexit><latexit sha1_base64="KhLabCBnpT7TcsyXNP++qVvdxJY=">AAAB/XicbVBNS8NAEN34WetXVDx5WWwFTyXpRb0VvXisYGyhCWGz3bRLN5uwOxFKKPhXvHhQ8er/8Oa/cdvmoK0PBh7vzTAzL8oE1+A439bK6tr6xmZlq7q9s7u3bx8cPug0V5R5NBWp6kZEM8El84CDYN1MMZJEgnWi0c3U7zwypXkq72GcsSAhA8ljTgkYKbSP675gMfiFF3LsKz4Ygj+ph3bNaTgz4GXilqSGSrRD+8vvpzRPmAQqiNY918kgKIgCTgWbVP1cs4zQERmwnqGSJEwHxez8CT4zSh/HqTIlAc/U3xMFSbQeJ5HpTAgM9aI3Ff/zejnEl0HBZZYDk3S+KM4FhhRPs8B9rhgFMTaEUMXNrZgOiSIUTGJVE4K7+PIy8ZqNq4Z716y1rss0KugEnaJz5KIL1EK3qI08RFGBntErerOerBfr3fqYt65Y5cwR+gPr8wfvapUF</latexit><latexit sha1_base64="KhLabCBnpT7TcsyXNP++qVvdxJY=">AAAB/XicbVBNS8NAEN34WetXVDx5WWwFTyXpRb0VvXisYGyhCWGz3bRLN5uwOxFKKPhXvHhQ8er/8Oa/cdvmoK0PBh7vzTAzL8oE1+A439bK6tr6xmZlq7q9s7u3bx8cPug0V5R5NBWp6kZEM8El84CDYN1MMZJEgnWi0c3U7zwypXkq72GcsSAhA8ljTgkYKbSP675gMfiFF3LsKz4Ygj+ph3bNaTgz4GXilqSGSrRD+8vvpzRPmAQqiNY918kgKIgCTgWbVP1cs4zQERmwnqGSJEwHxez8CT4zSh/HqTIlAc/U3xMFSbQeJ5HpTAgM9aI3Ff/zejnEl0HBZZYDk3S+KM4FhhRPs8B9rhgFMTaEUMXNrZgOiSIUTGJVE4K7+PIy8ZqNq4Z716y1rss0KugEnaJz5KIL1EK3qI08RFGBntErerOerBfr3fqYt65Y5cwR+gPr8wfvapUF</latexit>

Complexity: Optimal Quantum Circuit | i = U | 0i
<latexit sha1_base64="zbbMzuIyerTOmVyVm0VfecZoUNU=">AAACCXicbZC9TsMwFIVvyl8pfwFGFkOLxFQlXYABqYKFsUiEVmqqynHd1qrjRLaDVIXOLLwKCwMgVt6AjbfBTTNAy5EsHX33Xl3fE8ScKe0431ZhaXllda24XtrY3NresXf37lSUSEI9EvFItgKsKGeCepppTluxpDgMOG0Go6tpvXlPpWKRuNXjmHZCPBCszwjWBnXtw8qD31DMl1gMOEUXyEMZ6Do5qnTtslN1MqFF4+amDLkaXfvL70UkCanQhGOl2q4T606KpWaE00nJTxSNMRnhAW0bK3BIVSfNTpmgY0N6qB9J84RGGf09keJQqXEYmM4Q66Gar03hf7V2ovtnnZSJONFUkNmifsKRjtA0F9RjkhLNx8ZgIpn5KyJDLDHRJr2SCcGdP3nReLXqedW9qZXrl3kaRTiAIzgBF06hDtfQAA8IPMIzvMKb9WS9WO/Wx6y1YOUz+/BH1ucPzTaZQg==</latexit><latexit sha1_base64="zbbMzuIyerTOmVyVm0VfecZoUNU=">AAACCXicbZC9TsMwFIVvyl8pfwFGFkOLxFQlXYABqYKFsUiEVmqqynHd1qrjRLaDVIXOLLwKCwMgVt6AjbfBTTNAy5EsHX33Xl3fE8ScKe0431ZhaXllda24XtrY3NresXf37lSUSEI9EvFItgKsKGeCepppTluxpDgMOG0Go6tpvXlPpWKRuNXjmHZCPBCszwjWBnXtw8qD31DMl1gMOEUXyEMZ6Do5qnTtslN1MqFF4+amDLkaXfvL70UkCanQhGOl2q4T606KpWaE00nJTxSNMRnhAW0bK3BIVSfNTpmgY0N6qB9J84RGGf09keJQqXEYmM4Q66Gar03hf7V2ovtnnZSJONFUkNmifsKRjtA0F9RjkhLNx8ZgIpn5KyJDLDHRJr2SCcGdP3nReLXqedW9qZXrl3kaRTiAIzgBF06hDtfQAA8IPMIzvMKb9WS9WO/Wx6y1YOUz+/BH1ucPzTaZQg==</latexit><latexit sha1_base64="zbbMzuIyerTOmVyVm0VfecZoUNU=">AAACCXicbZC9TsMwFIVvyl8pfwFGFkOLxFQlXYABqYKFsUiEVmqqynHd1qrjRLaDVIXOLLwKCwMgVt6AjbfBTTNAy5EsHX33Xl3fE8ScKe0431ZhaXllda24XtrY3NresXf37lSUSEI9EvFItgKsKGeCepppTluxpDgMOG0Go6tpvXlPpWKRuNXjmHZCPBCszwjWBnXtw8qD31DMl1gMOEUXyEMZ6Do5qnTtslN1MqFF4+amDLkaXfvL70UkCanQhGOl2q4T606KpWaE00nJTxSNMRnhAW0bK3BIVSfNTpmgY0N6qB9J84RGGf09keJQqXEYmM4Q66Gar03hf7V2ovtnnZSJONFUkNmifsKRjtA0F9RjkhLNx8ZgIpn5KyJDLDHRJr2SCcGdP3nReLXqedW9qZXrl3kaRTiAIzgBF06hDtfQAA8IPMIzvMKb9WS9WO/Wx6y1YOUz+/BH1ucPzTaZQg==</latexit><latexit sha1_base64="zbbMzuIyerTOmVyVm0VfecZoUNU=">AAACCXicbZC9TsMwFIVvyl8pfwFGFkOLxFQlXYABqYKFsUiEVmqqynHd1qrjRLaDVIXOLLwKCwMgVt6AjbfBTTNAy5EsHX33Xl3fE8ScKe0431ZhaXllda24XtrY3NresXf37lSUSEI9EvFItgKsKGeCepppTluxpDgMOG0Go6tpvXlPpWKRuNXjmHZCPBCszwjWBnXtw8qD31DMl1gMOEUXyEMZ6Do5qnTtslN1MqFF4+amDLkaXfvL70UkCanQhGOl2q4T606KpWaE00nJTxSNMRnhAW0bK3BIVSfNTpmgY0N6qB9J84RGGf09keJQqXEYmM4Q66Gar03hf7V2ovtnnZSJONFUkNmifsKRjtA0F9RjkhLNx8ZgIpn5KyJDLDHRJr2SCcGdP3nReLXqedW9qZXrl3kaRTiAIzgBF06hDtfQAA8IPMIzvMKb9WS9WO/Wx6y1YOUz+/BH1ucPzTaZQg==</latexit>

U 2 SU(2n)
<latexit sha1_base64="AuaeXioLA+tDSWjmnDrdBUdjjnA=">AAAB9HicbVBNT8JAEJ3iF+IX6tHLRjDBC2m5oDeiF48YrZBAIdtlCxu222Z3qyEN/8OLBzVe/THe/Dcu0IOCL5nk5b2ZzMzzY86Utu1vK7e2vrG5ld8u7Ozu7R8UD48eVJRIQl0S8Ui2fawoZ4K6mmlO27GkOPQ5bfnj65nfeqRSsUjc60lMvRAPBQsYwdpIvbLbZQLduZVaT5yX+8WSXbXnQKvEyUgJMjT7xa/uICJJSIUmHCvVcexYeymWmhFOp4VuomiMyRgPacdQgUOqvHR+9RSdGWWAgkiaEhrN1d8TKQ6VmoS+6QyxHqllbyb+53USHVx4KRNxoqkgi0VBwpGO0CwCNGCSEs0nhmAimbkVkRGWmGgTVMGE4Cy/vErcWvWy6tzWSo2rLI08nMApVMCBOjTgBprgAgEJz/AKb9aT9WK9Wx+L1pyVzRzDH1ifP4AGkL8=</latexit><latexit sha1_base64="AuaeXioLA+tDSWjmnDrdBUdjjnA=">AAAB9HicbVBNT8JAEJ3iF+IX6tHLRjDBC2m5oDeiF48YrZBAIdtlCxu222Z3qyEN/8OLBzVe/THe/Dcu0IOCL5nk5b2ZzMzzY86Utu1vK7e2vrG5ld8u7Ozu7R8UD48eVJRIQl0S8Ui2fawoZ4K6mmlO27GkOPQ5bfnj65nfeqRSsUjc60lMvRAPBQsYwdpIvbLbZQLduZVaT5yX+8WSXbXnQKvEyUgJMjT7xa/uICJJSIUmHCvVcexYeymWmhFOp4VuomiMyRgPacdQgUOqvHR+9RSdGWWAgkiaEhrN1d8TKQ6VmoS+6QyxHqllbyb+53USHVx4KRNxoqkgi0VBwpGO0CwCNGCSEs0nhmAimbkVkRGWmGgTVMGE4Cy/vErcWvWy6tzWSo2rLI08nMApVMCBOjTgBprgAgEJz/AKb9aT9WK9Wx+L1pyVzRzDH1ifP4AGkL8=</latexit><latexit sha1_base64="AuaeXioLA+tDSWjmnDrdBUdjjnA=">AAAB9HicbVBNT8JAEJ3iF+IX6tHLRjDBC2m5oDeiF48YrZBAIdtlCxu222Z3qyEN/8OLBzVe/THe/Dcu0IOCL5nk5b2ZzMzzY86Utu1vK7e2vrG5ld8u7Ozu7R8UD48eVJRIQl0S8Ui2fawoZ4K6mmlO27GkOPQ5bfnj65nfeqRSsUjc60lMvRAPBQsYwdpIvbLbZQLduZVaT5yX+8WSXbXnQKvEyUgJMjT7xa/uICJJSIUmHCvVcexYeymWmhFOp4VuomiMyRgPacdQgUOqvHR+9RSdGWWAgkiaEhrN1d8TKQ6VmoS+6QyxHqllbyb+53USHVx4KRNxoqkgi0VBwpGO0CwCNGCSEs0nhmAimbkVkRGWmGgTVMGE4Cy/vErcWvWy6tzWSo2rLI08nMApVMCBOjTgBprgAgEJz/AKb9aT9WK9Wx+L1pyVzRzDH1ifP4AGkL8=</latexit><latexit sha1_base64="AuaeXioLA+tDSWjmnDrdBUdjjnA=">AAAB9HicbVBNT8JAEJ3iF+IX6tHLRjDBC2m5oDeiF48YrZBAIdtlCxu222Z3qyEN/8OLBzVe/THe/Dcu0IOCL5nk5b2ZzMzzY86Utu1vK7e2vrG5ld8u7Ozu7R8UD48eVJRIQl0S8Ui2fawoZ4K6mmlO27GkOPQ5bfnj65nfeqRSsUjc60lMvRAPBQsYwdpIvbLbZQLduZVaT5yX+8WSXbXnQKvEyUgJMjT7xa/uICJJSIUmHCvVcexYeymWmhFOp4VuomiMyRgPacdQgUOqvHR+9RSdGWWAgkiaEhrN1d8TKQ6VmoS+6QyxHqllbyb+53USHVx4KRNxoqkgi0VBwpGO0CwCNGCSEs0nhmAimbkVkRGWmGgTVMGE4Cy/vErcWvWy6tzWSo2rLI08nMApVMCBOjTgBprgAgEJz/AKb9aT9WK9Wx+L1pyVzRzDH1ifP4AGkL8=</latexit>

Minimal Number of Gates to build

Nielsen: Riem. Geometry & Hamiltonian Control Theory

for U(t) = e�iHt

<latexit sha1_base64="QujRmIl7+UkYKXaxkx30+2mca90=">AAAB+3icbVBNT8JAEN3iF+JXlaOXjWCCB0nLRT2YEL1wxMQKCVSyXbawYfuR3alJ0+Bf8eJBjVf/iDf/jQv0oOhLJnl5byYz87xYcAWW9WUUVlbX1jeKm6Wt7Z3dPXP/4E5FiaTMoZGIZNcjigkeMgc4CNaNJSOBJ1jHm1zP/M4Dk4pH4S2kMXMDMgq5zykBLQ3MctWpwQm+xOw+O+W4hWFaHZgVq27Ngf8SOycVlKM9MD/7w4gmAQuBCqJUz7ZicDMigVPBpqV+olhM6ISMWE/TkARMudn8+Ck+1soQ+5HUFQKeqz8nMhIolQae7gwIjNWyNxP/83oJ+OduxsM4ARbSxSI/ERgiPEsCD7lkFESqCaGS61sxHRNJKOi8SjoEe/nlv8Rp1C/q9k2j0rzK0yiiQ3SEashGZ6iJWqiNHERRip7QC3o1Ho1n4814X7QWjHymjH7B+PgGrcySZw==</latexit><latexit sha1_base64="QujRmIl7+UkYKXaxkx30+2mca90=">AAAB+3icbVBNT8JAEN3iF+JXlaOXjWCCB0nLRT2YEL1wxMQKCVSyXbawYfuR3alJ0+Bf8eJBjVf/iDf/jQv0oOhLJnl5byYz87xYcAWW9WUUVlbX1jeKm6Wt7Z3dPXP/4E5FiaTMoZGIZNcjigkeMgc4CNaNJSOBJ1jHm1zP/M4Dk4pH4S2kMXMDMgq5zykBLQ3MctWpwQm+xOw+O+W4hWFaHZgVq27Ngf8SOycVlKM9MD/7w4gmAQuBCqJUz7ZicDMigVPBpqV+olhM6ISMWE/TkARMudn8+Ck+1soQ+5HUFQKeqz8nMhIolQae7gwIjNWyNxP/83oJ+OduxsM4ARbSxSI/ERgiPEsCD7lkFESqCaGS61sxHRNJKOi8SjoEe/nlv8Rp1C/q9k2j0rzK0yiiQ3SEashGZ6iJWqiNHERRip7QC3o1Ho1n4814X7QWjHymjH7B+PgGrcySZw==</latexit><latexit sha1_base64="QujRmIl7+UkYKXaxkx30+2mca90=">AAAB+3icbVBNT8JAEN3iF+JXlaOXjWCCB0nLRT2YEL1wxMQKCVSyXbawYfuR3alJ0+Bf8eJBjVf/iDf/jQv0oOhLJnl5byYz87xYcAWW9WUUVlbX1jeKm6Wt7Z3dPXP/4E5FiaTMoZGIZNcjigkeMgc4CNaNJSOBJ1jHm1zP/M4Dk4pH4S2kMXMDMgq5zykBLQ3MctWpwQm+xOw+O+W4hWFaHZgVq27Ngf8SOycVlKM9MD/7w4gmAQuBCqJUz7ZicDMigVPBpqV+olhM6ISMWE/TkARMudn8+Ck+1soQ+5HUFQKeqz8nMhIolQae7gwIjNWyNxP/83oJ+OduxsM4ARbSxSI/ERgiPEsCD7lkFESqCaGS61sxHRNJKOi8SjoEe/nlv8Rp1C/q9k2j0rzK0yiiQ3SEashGZ6iJWqiNHERRip7QC3o1Ho1n4814X7QWjHymjH7B+PgGrcySZw==</latexit><latexit sha1_base64="QujRmIl7+UkYKXaxkx30+2mca90=">AAAB+3icbVBNT8JAEN3iF+JXlaOXjWCCB0nLRT2YEL1wxMQKCVSyXbawYfuR3alJ0+Bf8eJBjVf/iDf/jQv0oOhLJnl5byYz87xYcAWW9WUUVlbX1jeKm6Wt7Z3dPXP/4E5FiaTMoZGIZNcjigkeMgc4CNaNJSOBJ1jHm1zP/M4Dk4pH4S2kMXMDMgq5zykBLQ3MctWpwQm+xOw+O+W4hWFaHZgVq27Ngf8SOycVlKM9MD/7w4gmAQuBCqJUz7ZicDMigVPBpqV+olhM6ISMWE/TkARMudn8+Ck+1soQ+5HUFQKeqz8nMhIolQae7gwIjNWyNxP/83oJ+OduxsM4ARbSxSI/ERgiPEsCD7lkFESqCaGS61sxHRNJKOi8SjoEe/nlv8Rp1C/q9k2j0rzK0yiiQ3SEashGZ6iJWqiNHERRip7QC3o1Ho1n4814X7QWjHymjH7B+PgGrcySZw==</latexit>

C(t) ⇠ nt
<latexit sha1_base64="uQmzmXcmbrYqehX/wi2PI+EVQgc=">AAAB/nicbVBNT8JAEN36ifhVNfHiZSOY4IW0XNQbkYtHTERIaEO2yxY2bLfN7tSEVA7+FS8e1Hj1d3jz37hADwq+ZJKX92YyMy9IBNfgON/Wyura+sZmYau4vbO7t28fHN7rOFWUtWgsYtUJiGaCS9YCDoJ1EsVIFAjWDkaNqd9+YErzWN7BOGF+RAaSh5wSMFLPPi5nHiUCNyYVOMee5hGWGMo9u+RUnRnwMnFzUkI5mj37y+vHNI2YBCqI1l3XScDPiAJOBZsUvVSzhNARGbCuoZJETPvZ7P4JPjNKH4exMiUBz9TfExmJtB5HgemMCAz1ojcV//O6KYSXfsZlkgKTdL4oTAWGGE/DwH2uGAUxNoRQxc2tmA6JIhRMZEUTgrv48jJp1apXVfe2Vqpf52kU0Ak6RRXkogtURzeoiVqIokf0jF7Rm/VkvVjv1se8dcXKZ47QH1ifP8c7lDQ=</latexit><latexit sha1_base64="uQmzmXcmbrYqehX/wi2PI+EVQgc=">AAAB/nicbVBNT8JAEN36ifhVNfHiZSOY4IW0XNQbkYtHTERIaEO2yxY2bLfN7tSEVA7+FS8e1Hj1d3jz37hADwq+ZJKX92YyMy9IBNfgON/Wyura+sZmYau4vbO7t28fHN7rOFWUtWgsYtUJiGaCS9YCDoJ1EsVIFAjWDkaNqd9+YErzWN7BOGF+RAaSh5wSMFLPPi5nHiUCNyYVOMee5hGWGMo9u+RUnRnwMnFzUkI5mj37y+vHNI2YBCqI1l3XScDPiAJOBZsUvVSzhNARGbCuoZJETPvZ7P4JPjNKH4exMiUBz9TfExmJtB5HgemMCAz1ojcV//O6KYSXfsZlkgKTdL4oTAWGGE/DwH2uGAUxNoRQxc2tmA6JIhRMZEUTgrv48jJp1apXVfe2Vqpf52kU0Ak6RRXkogtURzeoiVqIokf0jF7Rm/VkvVjv1se8dcXKZ47QH1ifP8c7lDQ=</latexit><latexit sha1_base64="uQmzmXcmbrYqehX/wi2PI+EVQgc=">AAAB/nicbVBNT8JAEN36ifhVNfHiZSOY4IW0XNQbkYtHTERIaEO2yxY2bLfN7tSEVA7+FS8e1Hj1d3jz37hADwq+ZJKX92YyMy9IBNfgON/Wyura+sZmYau4vbO7t28fHN7rOFWUtWgsYtUJiGaCS9YCDoJ1EsVIFAjWDkaNqd9+YErzWN7BOGF+RAaSh5wSMFLPPi5nHiUCNyYVOMee5hGWGMo9u+RUnRnwMnFzUkI5mj37y+vHNI2YBCqI1l3XScDPiAJOBZsUvVSzhNARGbCuoZJETPvZ7P4JPjNKH4exMiUBz9TfExmJtB5HgemMCAz1ojcV//O6KYSXfsZlkgKTdL4oTAWGGE/DwH2uGAUxNoRQxc2tmA6JIhRMZEUTgrv48jJp1apXVfe2Vqpf52kU0Ak6RRXkogtURzeoiVqIokf0jF7Rm/VkvVjv1se8dcXKZ47QH1ifP8c7lDQ=</latexit><latexit sha1_base64="uQmzmXcmbrYqehX/wi2PI+EVQgc=">AAAB/nicbVBNT8JAEN36ifhVNfHiZSOY4IW0XNQbkYtHTERIaEO2yxY2bLfN7tSEVA7+FS8e1Hj1d3jz37hADwq+ZJKX92YyMy9IBNfgON/Wyura+sZmYau4vbO7t28fHN7rOFWUtWgsYtUJiGaCS9YCDoJ1EsVIFAjWDkaNqd9+YErzWN7BOGF+RAaSh5wSMFLPPi5nHiUCNyYVOMee5hGWGMo9u+RUnRnwMnFzUkI5mj37y+vHNI2YBCqI1l3XScDPiAJOBZsUvVSzhNARGbCuoZJETPvZ7P4JPjNKH4exMiUBz9TfExmJtB5HgemMCAz1ojcV//O6KYSXfsZlkgKTdL4oTAWGGE/DwH2uGAUxNoRQxc2tmA6JIhRMZEUTgrv48jJp1apXVfe2Vqpf52kU0Ak6RRXkogtURzeoiVqIokf0jF7Rm/VkvVjv1se8dcXKZ47QH1ifP8c7lDQ=</latexit>

SU(2n)
<latexit sha1_base64="oKYPev1jlv/jP4x72OrAIjz/G8g=">AAAB73icbVA9TwJBEJ3DL8Qv1NJmI5hgQ+5o1I5oY4nREwycZG9ZYMPu3mV3z4Rc+BU2Fmps/Tt2/hsXuELBl0zy8t5MZuaFMWfauO63k1tZXVvfyG8WtrZ3dveK+wf3OkoUoT6JeKRaIdaUM0l9wwynrVhRLEJOm+Hoauo3n6jSLJJ3ZhzTQOCBZH1GsLHSQ/nWr9Qe5Wm5Wyy5VXcGtEy8jJQgQ6Nb/Or0IpIIKg3hWOu258YmSLEyjHA6KXQSTWNMRnhA25ZKLKgO0tnBE3RilR7qR8qWNGim/p5IsdB6LELbKbAZ6kVvKv7ntRPTPw9SJuPEUEnmi/oJRyZC0+9RjylKDB9bgoli9lZEhlhhYmxGBRuCt/jyMvFr1Yuqd1Mr1S+zNPJwBMdQAQ/OoA7X0AAfCAh4hld4c5Tz4rw7H/PWnJPNHMIfOJ8/NHKO5Q==</latexit><latexit sha1_base64="oKYPev1jlv/jP4x72OrAIjz/G8g=">AAAB73icbVA9TwJBEJ3DL8Qv1NJmI5hgQ+5o1I5oY4nREwycZG9ZYMPu3mV3z4Rc+BU2Fmps/Tt2/hsXuELBl0zy8t5MZuaFMWfauO63k1tZXVvfyG8WtrZ3dveK+wf3OkoUoT6JeKRaIdaUM0l9wwynrVhRLEJOm+Hoauo3n6jSLJJ3ZhzTQOCBZH1GsLHSQ/nWr9Qe5Wm5Wyy5VXcGtEy8jJQgQ6Nb/Or0IpIIKg3hWOu258YmSLEyjHA6KXQSTWNMRnhA25ZKLKgO0tnBE3RilR7qR8qWNGim/p5IsdB6LELbKbAZ6kVvKv7ntRPTPw9SJuPEUEnmi/oJRyZC0+9RjylKDB9bgoli9lZEhlhhYmxGBRuCt/jyMvFr1Yuqd1Mr1S+zNPJwBMdQAQ/OoA7X0AAfCAh4hld4c5Tz4rw7H/PWnJPNHMIfOJ8/NHKO5Q==</latexit><latexit sha1_base64="oKYPev1jlv/jP4x72OrAIjz/G8g=">AAAB73icbVA9TwJBEJ3DL8Qv1NJmI5hgQ+5o1I5oY4nREwycZG9ZYMPu3mV3z4Rc+BU2Fmps/Tt2/hsXuELBl0zy8t5MZuaFMWfauO63k1tZXVvfyG8WtrZ3dveK+wf3OkoUoT6JeKRaIdaUM0l9wwynrVhRLEJOm+Hoauo3n6jSLJJ3ZhzTQOCBZH1GsLHSQ/nWr9Qe5Wm5Wyy5VXcGtEy8jJQgQ6Nb/Or0IpIIKg3hWOu258YmSLEyjHA6KXQSTWNMRnhA25ZKLKgO0tnBE3RilR7qR8qWNGim/p5IsdB6LELbKbAZ6kVvKv7ntRPTPw9SJuPEUEnmi/oJRyZC0+9RjylKDB9bgoli9lZEhlhhYmxGBRuCt/jyMvFr1Yuqd1Mr1S+zNPJwBMdQAQ/OoA7X0AAfCAh4hld4c5Tz4rw7H/PWnJPNHMIfOJ8/NHKO5Q==</latexit><latexit sha1_base64="oKYPev1jlv/jP4x72OrAIjz/G8g=">AAAB73icbVA9TwJBEJ3DL8Qv1NJmI5hgQ+5o1I5oY4nREwycZG9ZYMPu3mV3z4Rc+BU2Fmps/Tt2/hsXuELBl0zy8t5MZuaFMWfauO63k1tZXVvfyG8WtrZ3dveK+wf3OkoUoT6JeKRaIdaUM0l9wwynrVhRLEJOm+Hoauo3n6jSLJJ3ZhzTQOCBZH1GsLHSQ/nWr9Qe5Wm5Wyy5VXcGtEy8jJQgQ6Nb/Or0IpIIKg3hWOu258YmSLEyjHA6KXQSTWNMRnhA25ZKLKgO0tnBE3RilR7qR8qWNGim/p5IsdB6LELbKbAZ6kVvKv7ntRPTPw9SJuPEUEnmi/oJRyZC0+9RjylKDB9bgoli9lZEhlhhYmxGBRuCt/jyMvFr1Yuqd1Mr1S+zNPJwBMdQAQ/OoA7X0AAfCAh4hld4c5Tz4rw7H/PWnJPNHMIfOJ8/NHKO5Q==</latexit>

I<latexit sha1_base64="Wxs+NA5YWobDNpnk+fkaxVWkE/w=">AAAB8HicbVBNT8JAEJ3iF+IX6tFLI5h4Ii0X9Ub0ojdMrBChIdtlCxu222Z3aiQN/8KLBzVe/Tne/Dcu0IOCL5nk5b2ZzMwLEsE1Os63VVhZXVvfKG6WtrZ3dvfK+wf3Ok4VZR6NRazaAdFMcMk85ChYO1GMRIFgrWB0NfVbj0xpHss7HCfMj8hA8pBTgkZ6qHaRPWF2M6n2yhWn5sxgLxM3JxXI0eyVv7r9mKYRk0gF0brjOgn6GVHIqWCTUjfVLCF0RAasY6gkEdN+Nrt4Yp8YpW+HsTIl0Z6pvycyEmk9jgLTGREc6kVvKv7ndVIMz/2MyyRFJul8UZgKG2N7+r7d54pRFGNDCFXc3GrTIVGEogmpZEJwF19eJl69dlFzb+uVxmWeRhGO4BhOwYUzaMA1NMEDChKe4RXeLG29WO/Wx7y1YOUzh/AH1ucPhYiQWg==</latexit><latexit sha1_base64="Wxs+NA5YWobDNpnk+fkaxVWkE/w=">AAAB8HicbVBNT8JAEJ3iF+IX6tFLI5h4Ii0X9Ub0ojdMrBChIdtlCxu222Z3aiQN/8KLBzVe/Tne/Dcu0IOCL5nk5b2ZzMwLEsE1Os63VVhZXVvfKG6WtrZ3dvfK+wf3Ok4VZR6NRazaAdFMcMk85ChYO1GMRIFgrWB0NfVbj0xpHss7HCfMj8hA8pBTgkZ6qHaRPWF2M6n2yhWn5sxgLxM3JxXI0eyVv7r9mKYRk0gF0brjOgn6GVHIqWCTUjfVLCF0RAasY6gkEdN+Nrt4Yp8YpW+HsTIl0Z6pvycyEmk9jgLTGREc6kVvKv7ndVIMz/2MyyRFJul8UZgKG2N7+r7d54pRFGNDCFXc3GrTIVGEogmpZEJwF19eJl69dlFzb+uVxmWeRhGO4BhOwYUzaMA1NMEDChKe4RXeLG29WO/Wx7y1YOUzh/AH1ucPhYiQWg==</latexit><latexit sha1_base64="Wxs+NA5YWobDNpnk+fkaxVWkE/w=">AAAB8HicbVBNT8JAEJ3iF+IX6tFLI5h4Ii0X9Ub0ojdMrBChIdtlCxu222Z3aiQN/8KLBzVe/Tne/Dcu0IOCL5nk5b2ZzMwLEsE1Os63VVhZXVvfKG6WtrZ3dvfK+wf3Ok4VZR6NRazaAdFMcMk85ChYO1GMRIFgrWB0NfVbj0xpHss7HCfMj8hA8pBTgkZ6qHaRPWF2M6n2yhWn5sxgLxM3JxXI0eyVv7r9mKYRk0gF0brjOgn6GVHIqWCTUjfVLCF0RAasY6gkEdN+Nrt4Yp8YpW+HsTIl0Z6pvycyEmk9jgLTGREc6kVvKv7ndVIMz/2MyyRFJul8UZgKG2N7+r7d54pRFGNDCFXc3GrTIVGEogmpZEJwF19eJl69dlFzb+uVxmWeRhGO4BhOwYUzaMA1NMEDChKe4RXeLG29WO/Wx7y1YOUzh/AH1ucPhYiQWg==</latexit><latexit sha1_base64="Wxs+NA5YWobDNpnk+fkaxVWkE/w=">AAAB8HicbVBNT8JAEJ3iF+IX6tFLI5h4Ii0X9Ub0ojdMrBChIdtlCxu222Z3aiQN/8KLBzVe/Tne/Dcu0IOCL5nk5b2ZzMwLEsE1Os63VVhZXVvfKG6WtrZ3dvfK+wf3Ok4VZR6NRazaAdFMcMk85ChYO1GMRIFgrWB0NfVbj0xpHss7HCfMj8hA8pBTgkZ6qHaRPWF2M6n2yhWn5sxgLxM3JxXI0eyVv7r9mKYRk0gF0brjOgn6GVHIqWCTUjfVLCF0RAasY6gkEdN+Nrt4Yp8YpW+HsTIl0Z6pvycyEmk9jgLTGREc6kVvKv7ndVIMz/2MyyRFJul8UZgKG2N7+r7d54pRFGNDCFXc3GrTIVGEogmpZEJwF19eJl69dlFzb+uVxmWeRhGO4BhOwYUzaMA1NMEDChKe4RXeLG29WO/Wx7y1YOUzh/AH1ucPhYiQWg==</latexit>

U
<latexit sha1_base64="G4kliPB7hoIg+XxQrh9D6rJbhmM=">AAAB6XicbVA9TwJBEJ3DL8Qv1NJmI5hYkTsatSPaWGL0hAQuZG/Zgw17e5fdORNC+Ak2Fmps/Ud2/hsXuELBl0zy8t5MZuaFqRQGXffbKaytb2xuFbdLO7t7+wflw6NHk2SacZ8lMtHtkBouheI+CpS8nWpO41DyVji6mfmtJ66NSNQDjlMexHSgRCQYRSvdV/1qr1xxa+4cZJV4OalAjmav/NXtJyyLuUImqTEdz00xmFCNgkk+LXUzw1PKRnTAO5YqGnMTTOanTsmZVfokSrQthWSu/p6Y0NiYcRzazpji0Cx7M/E/r5NhdBlMhEoz5IotFkWZJJiQ2d+kLzRnKMeWUKaFvZWwIdWUoU2nZEPwll9eJX69dlXz7uqVxnWeRhFO4BTOwYMLaMAtNMEHBgN4hld4c6Tz4rw7H4vWgpPPHMMfOJ8/1lONBw==</latexit><latexit sha1_base64="G4kliPB7hoIg+XxQrh9D6rJbhmM=">AAAB6XicbVA9TwJBEJ3DL8Qv1NJmI5hYkTsatSPaWGL0hAQuZG/Zgw17e5fdORNC+Ak2Fmps/Ud2/hsXuELBl0zy8t5MZuaFqRQGXffbKaytb2xuFbdLO7t7+wflw6NHk2SacZ8lMtHtkBouheI+CpS8nWpO41DyVji6mfmtJ66NSNQDjlMexHSgRCQYRSvdV/1qr1xxa+4cZJV4OalAjmav/NXtJyyLuUImqTEdz00xmFCNgkk+LXUzw1PKRnTAO5YqGnMTTOanTsmZVfokSrQthWSu/p6Y0NiYcRzazpji0Cx7M/E/r5NhdBlMhEoz5IotFkWZJJiQ2d+kLzRnKMeWUKaFvZWwIdWUoU2nZEPwll9eJX69dlXz7uqVxnWeRhFO4BTOwYMLaMAtNMEHBgN4hld4c6Tz4rw7H4vWgpPPHMMfOJ8/1lONBw==</latexit><latexit sha1_base64="G4kliPB7hoIg+XxQrh9D6rJbhmM=">AAAB6XicbVA9TwJBEJ3DL8Qv1NJmI5hYkTsatSPaWGL0hAQuZG/Zgw17e5fdORNC+Ak2Fmps/Ud2/hsXuELBl0zy8t5MZuaFqRQGXffbKaytb2xuFbdLO7t7+wflw6NHk2SacZ8lMtHtkBouheI+CpS8nWpO41DyVji6mfmtJ66NSNQDjlMexHSgRCQYRSvdV/1qr1xxa+4cZJV4OalAjmav/NXtJyyLuUImqTEdz00xmFCNgkk+LXUzw1PKRnTAO5YqGnMTTOanTsmZVfokSrQthWSu/p6Y0NiYcRzazpji0Cx7M/E/r5NhdBlMhEoz5IotFkWZJJiQ2d+kLzRnKMeWUKaFvZWwIdWUoU2nZEPwll9eJX69dlXz7uqVxnWeRhFO4BTOwYMLaMAtNMEHBgN4hld4c6Tz4rw7H4vWgpPPHMMfOJ8/1lONBw==</latexit><latexit sha1_base64="G4kliPB7hoIg+XxQrh9D6rJbhmM=">AAAB6XicbVA9TwJBEJ3DL8Qv1NJmI5hYkTsatSPaWGL0hAQuZG/Zgw17e5fdORNC+Ak2Fmps/Ud2/hsXuELBl0zy8t5MZuaFqRQGXffbKaytb2xuFbdLO7t7+wflw6NHk2SacZ8lMtHtkBouheI+CpS8nWpO41DyVji6mfmtJ66NSNQDjlMexHSgRCQYRSvdV/1qr1xxa+4cZJV4OalAjmav/NXtJyyLuUImqTEdz00xmFCNgkk+LXUzw1PKRnTAO5YqGnMTTOanTsmZVfokSrQthWSu/p6Y0NiYcRzazpji0Cx7M/E/r5NhdBlMhEoz5IotFkWZJJiQ2d+kLzRnKMeWUKaFvZWwIdWUoU2nZEPwll9eJX69dlXz7uqVxnWeRhFO4BTOwYMLaMAtNMEHBgN4hld4c6Tz4rw7H4vWgpPPHMMfOJ8/1lONBw==</latexit>



Complexity in AdS/CFT
Complexity = Volume

Stanford & Susskind 2014
Complexity = Action

Brown-Roberts-Susskind-Swingle-Zhao 2015

C = Sgrav|WdW Patch
<latexit sha1_base64="s8zKm5+gJ2W7zvV1BFQuNaHjr6Q="></latexit><latexit sha1_base64="s8zKm5+gJ2W7zvV1BFQuNaHjr6Q="></latexit><latexit sha1_base64="s8zKm5+gJ2W7zvV1BFQuNaHjr6Q="></latexit><latexit sha1_base64="s8zKm5+gJ2W7zvV1BFQuNaHjr6Q="></latexit>

C = Vol(⌃)
LAdSGN

<latexit sha1_base64="os3H6/LWf3xYU1cGnNjIJP7TxZ4="></latexit><latexit sha1_base64="os3H6/LWf3xYU1cGnNjIJP7TxZ4="></latexit><latexit sha1_base64="os3H6/LWf3xYU1cGnNjIJP7TxZ4="></latexit><latexit sha1_base64="os3H6/LWf3xYU1cGnNjIJP7TxZ4="></latexit>
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Holographic Subregion complexity
Volume under the Ryu-Takayanagi surface

Alishahiha 2015

⌃[B]
<latexit sha1_base64="ppNdQwAKXyUs6ySfvwqZ04vaE80=">AAAB8XicbVBNT8JAEJ3iF+IX6tFLI5h4Ii0X9Ubw4hGjVZLSkO2yhQ370exuTUjDz/DiQY1X/403/40L9KDgSyZ5eW8mM/PilFFtPO/bKa2tb2xulbcrO7t7+wfVw6MHLTOFSYAlk6obI00YFSQw1DDSTRVBPGbkMR5fz/zHJ6I0leLeTFIScTQUNKEYGSuF9d4dHXIUtqN6v1rzGt4c7irxC1KDAp1+9as3kDjjRBjMkNah76UmypEyFDMyrfQyTVKEx2hIQksF4kRH+fzkqXtmlYGbSGVLGHeu/p7IEdd6wmPbyZEZ6WVvJv7nhZlJLqOcijQzRODFoiRjrpHu7H93QBXBhk0sQVhRe6uLR0ghbGxKFRuCv/zyKgmajauGf9ustdpFGmU4gVM4Bx8uoAU30IEAMEh4hld4c4zz4rw7H4vWklPMHMMfOJ8/g3KQSQ==</latexit><latexit sha1_base64="ppNdQwAKXyUs6ySfvwqZ04vaE80=">AAAB8XicbVBNT8JAEJ3iF+IX6tFLI5h4Ii0X9Ubw4hGjVZLSkO2yhQ370exuTUjDz/DiQY1X/403/40L9KDgSyZ5eW8mM/PilFFtPO/bKa2tb2xulbcrO7t7+wfVw6MHLTOFSYAlk6obI00YFSQw1DDSTRVBPGbkMR5fz/zHJ6I0leLeTFIScTQUNKEYGSuF9d4dHXIUtqN6v1rzGt4c7irxC1KDAp1+9as3kDjjRBjMkNah76UmypEyFDMyrfQyTVKEx2hIQksF4kRH+fzkqXtmlYGbSGVLGHeu/p7IEdd6wmPbyZEZ6WVvJv7nhZlJLqOcijQzRODFoiRjrpHu7H93QBXBhk0sQVhRe6uLR0ghbGxKFRuCv/zyKgmajauGf9ustdpFGmU4gVM4Bx8uoAU30IEAMEh4hld4c4zz4rw7H4vWklPMHMMfOJ8/g3KQSQ==</latexit><latexit sha1_base64="ppNdQwAKXyUs6ySfvwqZ04vaE80=">AAAB8XicbVBNT8JAEJ3iF+IX6tFLI5h4Ii0X9Ubw4hGjVZLSkO2yhQ370exuTUjDz/DiQY1X/403/40L9KDgSyZ5eW8mM/PilFFtPO/bKa2tb2xulbcrO7t7+wfVw6MHLTOFSYAlk6obI00YFSQw1DDSTRVBPGbkMR5fz/zHJ6I0leLeTFIScTQUNKEYGSuF9d4dHXIUtqN6v1rzGt4c7irxC1KDAp1+9as3kDjjRBjMkNah76UmypEyFDMyrfQyTVKEx2hIQksF4kRH+fzkqXtmlYGbSGVLGHeu/p7IEdd6wmPbyZEZ6WVvJv7nhZlJLqOcijQzRODFoiRjrpHu7H93QBXBhk0sQVhRe6uLR0ghbGxKFRuCv/zyKgmajauGf9ustdpFGmU4gVM4Bx8uoAU30IEAMEh4hld4c4zz4rw7H4vWklPMHMMfOJ8/g3KQSQ==</latexit><latexit sha1_base64="ppNdQwAKXyUs6ySfvwqZ04vaE80=">AAAB8XicbVBNT8JAEJ3iF+IX6tFLI5h4Ii0X9Ubw4hGjVZLSkO2yhQ370exuTUjDz/DiQY1X/403/40L9KDgSyZ5eW8mM/PilFFtPO/bKa2tb2xulbcrO7t7+wfVw6MHLTOFSYAlk6obI00YFSQw1DDSTRVBPGbkMR5fz/zHJ6I0leLeTFIScTQUNKEYGSuF9d4dHXIUtqN6v1rzGt4c7irxC1KDAp1+9as3kDjjRBjMkNah76UmypEyFDMyrfQyTVKEx2hIQksF4kRH+fzkqXtmlYGbSGVLGHeu/p7IEdd6wmPbyZEZ6WVvJv7nhZlJLqOcijQzRODFoiRjrpHu7H93QBXBhk0sQVhRe6uLR0ghbGxKFRuCv/zyKgmajauGf9ustdpFGmU4gVM4Bx8uoAU30IEAMEh4hld4c4zz4rw7H4vWklPMHMMfOJ8/g3KQSQ==</latexit>

C[⇢B ] = Vol(⌅[B])
LAdSGN

<latexit sha1_base64="GzqWlYRVizVNo2V+rSwwG7DKAEE="></latexit><latexit sha1_base64="GzqWlYRVizVNo2V+rSwwG7DKAEE="></latexit><latexit sha1_base64="GzqWlYRVizVNo2V+rSwwG7DKAEE="></latexit><latexit sha1_base64="GzqWlYRVizVNo2V+rSwwG7DKAEE="></latexit>
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AdS3 complexity and Gauss-Bonnet
Topology yields universal terms

Abt, Erdmenger, Hinrichsen, Melby-Thompson, RM, Northe, Reyes 2017
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Holographic Topological Complexity

Abt, Erdmenger, Hinrichsen, Melby-Thompson, 
RM, Northe, Reyes 2017
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Example: BTZ Black Hole

Euler 
characteristic



Complexity transitions
Euler characteristic jumps

Abt, Erdmenger, Hinrichsen, Melby-Thompson, RM, Northe, Reyes 2017



Complexity and Entanglement Entropy
Volume in Vacuum AdS3 from Kinematic Space

Abt, Erdmenger, Hinrichsen, Melby-Thompson, RM, Northe, Reyes 2017

Czech et.al. 2015-16
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Volumes from Kinematic Space 
Volume as integral over geodesics
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Abt, Erdmenger, Hinrichsen, Melby-Thompson, RM, Northe, Reyes 2017, WIP
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Tensor Networks & AdS/CFT
Multiscale Entanglement Renormalization Ansatz

Vidal 2005, Swingle 2009

Describes ground states of 2D CFTs

Reproduce the subregion complexity?

RG

S  logD log n
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Ising Model Results
Ryu-Takayanagi Surface as a domain wall
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Averaged Magnetization Entanglement Entropy



Ising Model Results
Complexity jumps
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Averaged Magnetization Subregion Complexity
�C = 3.8± 0.3
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Conclusions & Outlook
• Subregion complexity:  

Volume under the Ryu-Takayanagi surface 

• Gauss-Bonnet in AdS3:  
Finite terms gain topological interpretation 
  

• Kinematic Space:  
Volume in terms of CFT quantities 

• Qualitative features  
supported by random tensor network calculations 

• Outlook: Complexity of 2D CFT states? 
Better CFT understanding of the volume formula  
as well as of the topological contributions.  
Generalizations of kinematic space


