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(PK,SK)
<latexit sha1_base64="+eZ99VofAN8M9DzH+qmPQGwp/eo=">AAAB73icbVBNSwMxEJ2tX7V+VT16CRahgpRdEfRY9CL0UtF+QLuUbJptQ5PsmmSFsvRPePGgiFf/jjf/jWm7B219MPB4b4aZeUHMmTau++3kVlbX1jfym4Wt7Z3dveL+QVNHiSK0QSIeqXaANeVM0oZhhtN2rCgWAaetYHQz9VtPVGkWyQczjqkv8ECykBFsrNQu12tn6L522iuW3Io7A1omXkZKkKHeK351+xFJBJWGcKx1x3Nj46dYGUY4nRS6iaYxJiM8oB1LJRZU++ns3gk6sUofhZGyJQ2aqb8nUiy0HovAdgpshnrRm4r/eZ3EhFd+ymScGCrJfFGYcGQiNH0e9ZmixPCxJZgoZm9FZIgVJsZGVLAheIsvL5PmecVzK97dRal6ncWRhyM4hjJ4cAlVuIU6NIAAh2d4hTfn0Xlx3p2PeWvOyWYO4Q+czx8Bw46g</latexit><latexit sha1_base64="+eZ99VofAN8M9DzH+qmPQGwp/eo=">AAAB73icbVBNSwMxEJ2tX7V+VT16CRahgpRdEfRY9CL0UtF+QLuUbJptQ5PsmmSFsvRPePGgiFf/jjf/jWm7B219MPB4b4aZeUHMmTau++3kVlbX1jfym4Wt7Z3dveL+QVNHiSK0QSIeqXaANeVM0oZhhtN2rCgWAaetYHQz9VtPVGkWyQczjqkv8ECykBFsrNQu12tn6L522iuW3Io7A1omXkZKkKHeK351+xFJBJWGcKx1x3Nj46dYGUY4nRS6iaYxJiM8oB1LJRZU++ns3gk6sUofhZGyJQ2aqb8nUiy0HovAdgpshnrRm4r/eZ3EhFd+ymScGCrJfFGYcGQiNH0e9ZmixPCxJZgoZm9FZIgVJsZGVLAheIsvL5PmecVzK97dRal6ncWRhyM4hjJ4cAlVuIU6NIAAh2d4hTfn0Xlx3p2PeWvOyWYO4Q+czx8Bw46g</latexit><latexit sha1_base64="+eZ99VofAN8M9DzH+qmPQGwp/eo=">AAAB73icbVBNSwMxEJ2tX7V+VT16CRahgpRdEfRY9CL0UtF+QLuUbJptQ5PsmmSFsvRPePGgiFf/jjf/jWm7B219MPB4b4aZeUHMmTau++3kVlbX1jfym4Wt7Z3dveL+QVNHiSK0QSIeqXaANeVM0oZhhtN2rCgWAaetYHQz9VtPVGkWyQczjqkv8ECykBFsrNQu12tn6L522iuW3Io7A1omXkZKkKHeK351+xFJBJWGcKx1x3Nj46dYGUY4nRS6iaYxJiM8oB1LJRZU++ns3gk6sUofhZGyJQ2aqb8nUiy0HovAdgpshnrRm4r/eZ3EhFd+ymScGCrJfFGYcGQiNH0e9ZmixPCxJZgoZm9FZIgVJsZGVLAheIsvL5PmecVzK97dRal6ncWRhyM4hjJ4cAlVuIU6NIAAh2d4hTfn0Xlx3p2PeWvOyWYO4Q+czx8Bw46g</latexit><latexit sha1_base64="+eZ99VofAN8M9DzH+qmPQGwp/eo=">AAAB73icbVBNSwMxEJ2tX7V+VT16CRahgpRdEfRY9CL0UtF+QLuUbJptQ5PsmmSFsvRPePGgiFf/jjf/jWm7B219MPB4b4aZeUHMmTau++3kVlbX1jfym4Wt7Z3dveL+QVNHiSK0QSIeqXaANeVM0oZhhtN2rCgWAaetYHQz9VtPVGkWyQczjqkv8ECykBFsrNQu12tn6L522iuW3Io7A1omXkZKkKHeK351+xFJBJWGcKx1x3Nj46dYGUY4nRS6iaYxJiM8oB1LJRZU++ns3gk6sUofhZGyJQ2aqb8nUiy0HovAdgpshnrRm4r/eZ3EhFd+ymScGCrJfFGYcGQiNH0e9ZmixPCxJZgoZm9FZIgVJsZGVLAheIsvL5PmecVzK97dRal6ncWRhyM4hjJ4cAlVuIU6NIAAh2d4hTfn0Xlx3p2PeWvOyWYO4Q+czx8Bw46g</latexit>

PK
<latexit sha1_base64="+sXMSMOs/Uj5voaB8xWJsw3NKvk=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF8FLFfsBbSib7aRdutmE3Y1QQv+BFw+KePUfefPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvpn57SdUmsfy0UwS9CM6lDzkjBorPTTu+uWKW3XnIKvEy0kFcjT65a/eIGZphNIwQbXuem5i/Iwqw5nAaamXakwoG9Mhdi2VNELtZ/NLp+TMKgMSxsqWNGSu/p7IaKT1JApsZ0TNSC97M/E/r5ua8MrPuExSg5ItFoWpICYms7fJgCtkRkwsoUxxeythI6ooMzackg3BW355lbQuqp5b9e4vK/XrPI4inMApnIMHNajDLTSgCQxCeIZXeHPGzovz7nwsWgtOPnMMf+B8/gBAiI0p</latexit><latexit sha1_base64="+sXMSMOs/Uj5voaB8xWJsw3NKvk=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF8FLFfsBbSib7aRdutmE3Y1QQv+BFw+KePUfefPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvpn57SdUmsfy0UwS9CM6lDzkjBorPTTu+uWKW3XnIKvEy0kFcjT65a/eIGZphNIwQbXuem5i/Iwqw5nAaamXakwoG9Mhdi2VNELtZ/NLp+TMKgMSxsqWNGSu/p7IaKT1JApsZ0TNSC97M/E/r5ua8MrPuExSg5ItFoWpICYms7fJgCtkRkwsoUxxeythI6ooMzackg3BW355lbQuqp5b9e4vK/XrPI4inMApnIMHNajDLTSgCQxCeIZXeHPGzovz7nwsWgtOPnMMf+B8/gBAiI0p</latexit><latexit sha1_base64="+sXMSMOs/Uj5voaB8xWJsw3NKvk=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF8FLFfsBbSib7aRdutmE3Y1QQv+BFw+KePUfefPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvpn57SdUmsfy0UwS9CM6lDzkjBorPTTu+uWKW3XnIKvEy0kFcjT65a/eIGZphNIwQbXuem5i/Iwqw5nAaamXakwoG9Mhdi2VNELtZ/NLp+TMKgMSxsqWNGSu/p7IaKT1JApsZ0TNSC97M/E/r5ua8MrPuExSg5ItFoWpICYms7fJgCtkRkwsoUxxeythI6ooMzackg3BW355lbQuqp5b9e4vK/XrPI4inMApnIMHNajDLTSgCQxCeIZXeHPGzovz7nwsWgtOPnMMf+B8/gBAiI0p</latexit><latexit sha1_base64="+sXMSMOs/Uj5voaB8xWJsw3NKvk=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF8FLFfsBbSib7aRdutmE3Y1QQv+BFw+KePUfefPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvpn57SdUmsfy0UwS9CM6lDzkjBorPTTu+uWKW3XnIKvEy0kFcjT65a/eIGZphNIwQbXuem5i/Iwqw5nAaamXakwoG9Mhdi2VNELtZ/NLp+TMKgMSxsqWNGSu/p7IaKT1JApsZ0TNSC97M/E/r5ua8MrPuExSg5ItFoWpICYms7fJgCtkRkwsoUxxeythI6ooMzackg3BW355lbQuqp5b9e4vK/XrPI4inMApnIMHNajDLTSgCQxCeIZXeHPGzovz7nwsWgtOPnMMf+B8/gBAiI0p</latexit>

S = Enc(PK,Card details)
<latexit sha1_base64="Lmzq/GCaEh3FzJirWiCO0sTCCVY=">AAACCXicbVDLSgNBEJyNrxhfUY9eBoOgIGFXBL0IYhAELxHNA5IQZmc7yeDs7DLTK4YlVy/+ihcPinj1D7z5N04eB40WNBRV3XR3+bEUBl33y8nMzM7NL2QXc0vLK6tr+fWNqokSzaHCIxnpus8MSKGgggIl1GMNLPQl1Pzb0tCv3YE2IlI32I+hFbKuEh3BGVqpnafX9ISeK75bvtynTYR7TEtMBzQAZEKawV47X3CL7gj0L/EmpEAmKLfzn80g4kkICrlkxjQ8N8ZWyjQKLmGQayYGYsZvWRcalioWgmmlo08GdMcqAe1E2pZCOlJ/TqQsNKYf+rYzZNgz095Q/M9rJNg5bqVCxQmC4uNFnURSjOgwFhoIDRxl3xLGtbC3Ut5jmnG04eVsCN70y39J9aDouUXv6rBwejaJI0u2yDbZJR45IqfkgpRJhXDyQJ7IC3l1Hp1n5815H7dmnMnMJvkF5+Mb+yeYog==</latexit><latexit sha1_base64="Lmzq/GCaEh3FzJirWiCO0sTCCVY=">AAACCXicbVDLSgNBEJyNrxhfUY9eBoOgIGFXBL0IYhAELxHNA5IQZmc7yeDs7DLTK4YlVy/+ihcPinj1D7z5N04eB40WNBRV3XR3+bEUBl33y8nMzM7NL2QXc0vLK6tr+fWNqokSzaHCIxnpus8MSKGgggIl1GMNLPQl1Pzb0tCv3YE2IlI32I+hFbKuEh3BGVqpnafX9ISeK75bvtynTYR7TEtMBzQAZEKawV47X3CL7gj0L/EmpEAmKLfzn80g4kkICrlkxjQ8N8ZWyjQKLmGQayYGYsZvWRcalioWgmmlo08GdMcqAe1E2pZCOlJ/TqQsNKYf+rYzZNgz095Q/M9rJNg5bqVCxQmC4uNFnURSjOgwFhoIDRxl3xLGtbC3Ut5jmnG04eVsCN70y39J9aDouUXv6rBwejaJI0u2yDbZJR45IqfkgpRJhXDyQJ7IC3l1Hp1n5815H7dmnMnMJvkF5+Mb+yeYog==</latexit><latexit sha1_base64="Lmzq/GCaEh3FzJirWiCO0sTCCVY=">AAACCXicbVDLSgNBEJyNrxhfUY9eBoOgIGFXBL0IYhAELxHNA5IQZmc7yeDs7DLTK4YlVy/+ihcPinj1D7z5N04eB40WNBRV3XR3+bEUBl33y8nMzM7NL2QXc0vLK6tr+fWNqokSzaHCIxnpus8MSKGgggIl1GMNLPQl1Pzb0tCv3YE2IlI32I+hFbKuEh3BGVqpnafX9ISeK75bvtynTYR7TEtMBzQAZEKawV47X3CL7gj0L/EmpEAmKLfzn80g4kkICrlkxjQ8N8ZWyjQKLmGQayYGYsZvWRcalioWgmmlo08GdMcqAe1E2pZCOlJ/TqQsNKYf+rYzZNgz095Q/M9rJNg5bqVCxQmC4uNFnURSjOgwFhoIDRxl3xLGtbC3Ut5jmnG04eVsCN70y39J9aDouUXv6rBwejaJI0u2yDbZJR45IqfkgpRJhXDyQJ7IC3l1Hp1n5815H7dmnMnMJvkF5+Mb+yeYog==</latexit><latexit sha1_base64="Lmzq/GCaEh3FzJirWiCO0sTCCVY=">AAACCXicbVDLSgNBEJyNrxhfUY9eBoOgIGFXBL0IYhAELxHNA5IQZmc7yeDs7DLTK4YlVy/+ihcPinj1D7z5N04eB40WNBRV3XR3+bEUBl33y8nMzM7NL2QXc0vLK6tr+fWNqokSzaHCIxnpus8MSKGgggIl1GMNLPQl1Pzb0tCv3YE2IlI32I+hFbKuEh3BGVqpnafX9ISeK75bvtynTYR7TEtMBzQAZEKawV47X3CL7gj0L/EmpEAmKLfzn80g4kkICrlkxjQ8N8ZWyjQKLmGQayYGYsZvWRcalioWgmmlo08GdMcqAe1E2pZCOlJ/TqQsNKYf+rYzZNgz095Q/M9rJNg5bqVCxQmC4uNFnURSjOgwFhoIDRxl3xLGtbC3Ut5jmnG04eVsCN70y39J9aDouUXv6rBwejaJI0u2yDbZJR45IqfkgpRJhXDyQJ7IC3l1Hp1n5815H7dmnMnMJvkF5+Mb+yeYog==</latexit>

S
<latexit sha1_base64="UUihRRRWgqRHJIqtQNGTJN/yvV0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Qe0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHssHM0nQj+hQ8pAzaqzUuO+XK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBriWM1w==</latexit><latexit sha1_base64="UUihRRRWgqRHJIqtQNGTJN/yvV0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Qe0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHssHM0nQj+hQ8pAzaqzUuO+XK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBriWM1w==</latexit><latexit sha1_base64="UUihRRRWgqRHJIqtQNGTJN/yvV0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Qe0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHssHM0nQj+hQ8pAzaqzUuO+XK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBriWM1w==</latexit><latexit sha1_base64="UUihRRRWgqRHJIqtQNGTJN/yvV0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Qe0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHssHM0nQj+hQ8pAzaqzUuO+XK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBriWM1w==</latexit>

Dec(SK,S) ! Card details
<latexit sha1_base64="VXB9btXe1uiA/MhTFZRXyIDc+Sk=">AAACE3icbVDLSgNBEJyN7/iKevQyGAQVCbsi6FHUg+BF0UQhCaF3tpMMzj6Y6VXDkn/w4q948aCIVy/e/Bsnj4MaCxqKqm66u/xESUOu++XkxsYnJqemZ/Kzc/MLi4Wl5YqJUy2wLGIV62sfDCoZYZkkKbxONELoK7zyb456/tUtaiPj6JI6CdZDaEWyKQWQlRqFrWMUGxen2/xik9e0bLUJtI7veI3wnrIj0AEPkEAq020Uim7J7YOPEm9IimyIs0bhsxbEIg0xIqHAmKrnJlTPQJMUCrv5WmowAXEDLaxaGkGIpp71f+rydasEvBlrWxHxvvpzIoPQmE7o284QqG3+ej3xP6+aUnO/nskoSQkjMVjUTBWnmPcC4oHUKEh1LAGhpb2VizZoEGRjzNsQvL8vj5LKTslzS975bvHgcBjHNFtla2yDeWyPHbATdsbKTLAH9sRe2Kvz6Dw7b877oDXnDGdW2C84H9+aNp1n</latexit><latexit sha1_base64="VXB9btXe1uiA/MhTFZRXyIDc+Sk=">AAACE3icbVDLSgNBEJyN7/iKevQyGAQVCbsi6FHUg+BF0UQhCaF3tpMMzj6Y6VXDkn/w4q948aCIVy/e/Bsnj4MaCxqKqm66u/xESUOu++XkxsYnJqemZ/Kzc/MLi4Wl5YqJUy2wLGIV62sfDCoZYZkkKbxONELoK7zyb456/tUtaiPj6JI6CdZDaEWyKQWQlRqFrWMUGxen2/xik9e0bLUJtI7veI3wnrIj0AEPkEAq020Uim7J7YOPEm9IimyIs0bhsxbEIg0xIqHAmKrnJlTPQJMUCrv5WmowAXEDLaxaGkGIpp71f+rydasEvBlrWxHxvvpzIoPQmE7o284QqG3+ej3xP6+aUnO/nskoSQkjMVjUTBWnmPcC4oHUKEh1LAGhpb2VizZoEGRjzNsQvL8vj5LKTslzS975bvHgcBjHNFtla2yDeWyPHbATdsbKTLAH9sRe2Kvz6Dw7b877oDXnDGdW2C84H9+aNp1n</latexit><latexit sha1_base64="VXB9btXe1uiA/MhTFZRXyIDc+Sk=">AAACE3icbVDLSgNBEJyN7/iKevQyGAQVCbsi6FHUg+BF0UQhCaF3tpMMzj6Y6VXDkn/w4q948aCIVy/e/Bsnj4MaCxqKqm66u/xESUOu++XkxsYnJqemZ/Kzc/MLi4Wl5YqJUy2wLGIV62sfDCoZYZkkKbxONELoK7zyb456/tUtaiPj6JI6CdZDaEWyKQWQlRqFrWMUGxen2/xik9e0bLUJtI7veI3wnrIj0AEPkEAq020Uim7J7YOPEm9IimyIs0bhsxbEIg0xIqHAmKrnJlTPQJMUCrv5WmowAXEDLaxaGkGIpp71f+rydasEvBlrWxHxvvpzIoPQmE7o284QqG3+ej3xP6+aUnO/nskoSQkjMVjUTBWnmPcC4oHUKEh1LAGhpb2VizZoEGRjzNsQvL8vj5LKTslzS975bvHgcBjHNFtla2yDeWyPHbATdsbKTLAH9sRe2Kvz6Dw7b877oDXnDGdW2C84H9+aNp1n</latexit><latexit sha1_base64="VXB9btXe1uiA/MhTFZRXyIDc+Sk=">AAACE3icbVDLSgNBEJyN7/iKevQyGAQVCbsi6FHUg+BF0UQhCaF3tpMMzj6Y6VXDkn/w4q948aCIVy/e/Bsnj4MaCxqKqm66u/xESUOu++XkxsYnJqemZ/Kzc/MLi4Wl5YqJUy2wLGIV62sfDCoZYZkkKbxONELoK7zyb456/tUtaiPj6JI6CdZDaEWyKQWQlRqFrWMUGxen2/xik9e0bLUJtI7veI3wnrIj0AEPkEAq020Uim7J7YOPEm9IimyIs0bhsxbEIg0xIqHAmKrnJlTPQJMUCrv5WmowAXEDLaxaGkGIpp71f+rydasEvBlrWxHxvvpzIoPQmE7o284QqG3+ej3xP6+aUnO/nskoSQkjMVjUTBWnmPcC4oHUKEh1LAGhpb2VizZoEGRjzNsQvL8vj5LKTslzS975bvHgcBjHNFtla2yDeWyPHbATdsbKTLAH9sRe2Kvz6Dw7b877oDXnDGdW2C84H9+aNp1n</latexit>

More about public-key cryptography

Let’s be a bit more precise



More about public-key cryptography

Enc : K ⇥M ! C
<latexit sha1_base64="Y7Lm2o0KTElw1ic3kyolbCyzkKs=">AAACJXicbZDLSgMxFIYz9VbrrerSTbAIrsqMCIq4KBZBEKGCvUBnKJk0bUMzmSE5o5ShL+PGV3HjwiKCK1/FTFuotv4Q+PnOOeSc348E12DbX1ZmaXlldS27ntvY3Nreye/u1XQYK8qqNBShavhEM8ElqwIHwRqRYiTwBav7/XJarz8ypXkoH2AQMS8gXck7nBIwqJW/vJYUX2A3INCjRCS3Q+wCD5ieoTuDFO/2gCgVPs14edjKF+yiPRZeNM7UFNBUlVZ+5LZDGgdMAhVE66ZjR+AlRAGngg1zbqxZRGifdFnTWEnMIl4yvnKIjwxp406ozJOAx/T3REICrQeBbzrTFfV8LYX/1ZoxdM69hMsoBibp5KNOLDCEOI0Mt7liFMTAGEIVN7ti2iOKUDDB5kwIzvzJi6Z2UnTsonN/WihdTePIogN0iI6Rg85QCd2gCqoiip7RK3pHI+vFerM+rM9Ja8aazuyjP7K+fwD/cKWb</latexit><latexit sha1_base64="Y7Lm2o0KTElw1ic3kyolbCyzkKs=">AAACJXicbZDLSgMxFIYz9VbrrerSTbAIrsqMCIq4KBZBEKGCvUBnKJk0bUMzmSE5o5ShL+PGV3HjwiKCK1/FTFuotv4Q+PnOOeSc348E12DbX1ZmaXlldS27ntvY3Nreye/u1XQYK8qqNBShavhEM8ElqwIHwRqRYiTwBav7/XJarz8ypXkoH2AQMS8gXck7nBIwqJW/vJYUX2A3INCjRCS3Q+wCD5ieoTuDFO/2gCgVPs14edjKF+yiPRZeNM7UFNBUlVZ+5LZDGgdMAhVE66ZjR+AlRAGngg1zbqxZRGifdFnTWEnMIl4yvnKIjwxp406ozJOAx/T3REICrQeBbzrTFfV8LYX/1ZoxdM69hMsoBibp5KNOLDCEOI0Mt7liFMTAGEIVN7ti2iOKUDDB5kwIzvzJi6Z2UnTsonN/WihdTePIogN0iI6Rg85QCd2gCqoiip7RK3pHI+vFerM+rM9Ja8aazuyjP7K+fwD/cKWb</latexit><latexit sha1_base64="Y7Lm2o0KTElw1ic3kyolbCyzkKs=">AAACJXicbZDLSgMxFIYz9VbrrerSTbAIrsqMCIq4KBZBEKGCvUBnKJk0bUMzmSE5o5ShL+PGV3HjwiKCK1/FTFuotv4Q+PnOOeSc348E12DbX1ZmaXlldS27ntvY3Nreye/u1XQYK8qqNBShavhEM8ElqwIHwRqRYiTwBav7/XJarz8ypXkoH2AQMS8gXck7nBIwqJW/vJYUX2A3INCjRCS3Q+wCD5ieoTuDFO/2gCgVPs14edjKF+yiPRZeNM7UFNBUlVZ+5LZDGgdMAhVE66ZjR+AlRAGngg1zbqxZRGifdFnTWEnMIl4yvnKIjwxp406ozJOAx/T3REICrQeBbzrTFfV8LYX/1ZoxdM69hMsoBibp5KNOLDCEOI0Mt7liFMTAGEIVN7ti2iOKUDDB5kwIzvzJi6Z2UnTsonN/WihdTePIogN0iI6Rg85QCd2gCqoiip7RK3pHI+vFerM+rM9Ja8aazuyjP7K+fwD/cKWb</latexit><latexit sha1_base64="Y7Lm2o0KTElw1ic3kyolbCyzkKs=">AAACJXicbZDLSgMxFIYz9VbrrerSTbAIrsqMCIq4KBZBEKGCvUBnKJk0bUMzmSE5o5ShL+PGV3HjwiKCK1/FTFuotv4Q+PnOOeSc348E12DbX1ZmaXlldS27ntvY3Nreye/u1XQYK8qqNBShavhEM8ElqwIHwRqRYiTwBav7/XJarz8ypXkoH2AQMS8gXck7nBIwqJW/vJYUX2A3INCjRCS3Q+wCD5ieoTuDFO/2gCgVPs14edjKF+yiPRZeNM7UFNBUlVZ+5LZDGgdMAhVE66ZjR+AlRAGngg1zbqxZRGifdFnTWEnMIl4yvnKIjwxp406ozJOAx/T3REICrQeBbzrTFfV8LYX/1ZoxdM69hMsoBibp5KNOLDCEOI0Mt7liFMTAGEIVN7ti2iOKUDDB5kwIzvzJi6Z2UnTsonN/WihdTePIogN0iI6Rg85QCd2gCqoiip7RK3pHI+vFerM+rM9Ja8aazuyjP7K+fwD/cKWb</latexit>

Not necessarily a function (might use randomness)

Dec : K ⇥ C ! M
<latexit sha1_base64="oLNxltUt2tvWYgNQCJoUAAvBrF8=">AAACJXicbZDLSgMxFIYz9VbrrerSTbAIrsqMCIq4KNaFIEIFe4G2lEyaaUMzkyE5o5ShL+PGV3HjwiKCK1/FTDtQbf0h8POdc8g5vxsKrsG2v6zM0vLK6lp2PbexubW9k9/dq2kZKcqqVAqpGi7RTPCAVYGDYI1QMeK7gtXdQTmp1x+Z0lwGDzAMWdsnvYB7nBIwqJO/vGYUX+CWT6BPiYhvR7gF3Gd6hsoGKd7rA1FKPs343aiTL9hFeyK8aJzUFFCqSic/bnUljXwWABVE66Zjh9COiQJOBRvlWpFmIaED0mNNYwNiFmnHkytH+MiQLvakMi8APKG/J2Liaz30XdOZrKjnawn8r9aMwDtvxzwII2ABnX7kRQKDxElkuMsVoyCGxhCquNkV0z5RhIIJNmdCcOZPXjS1k6JjF53700LpKo0jiw7QITpGDjpDJXSDKqiKKHpGr+gdja0X6836sD6nrRkrndlHf2R9/wDtE6WR</latexit><latexit sha1_base64="oLNxltUt2tvWYgNQCJoUAAvBrF8=">AAACJXicbZDLSgMxFIYz9VbrrerSTbAIrsqMCIq4KNaFIEIFe4G2lEyaaUMzkyE5o5ShL+PGV3HjwiKCK1/FTDtQbf0h8POdc8g5vxsKrsG2v6zM0vLK6lp2PbexubW9k9/dq2kZKcqqVAqpGi7RTPCAVYGDYI1QMeK7gtXdQTmp1x+Z0lwGDzAMWdsnvYB7nBIwqJO/vGYUX+CWT6BPiYhvR7gF3Gd6hsoGKd7rA1FKPs343aiTL9hFeyK8aJzUFFCqSic/bnUljXwWABVE66Zjh9COiQJOBRvlWpFmIaED0mNNYwNiFmnHkytH+MiQLvakMi8APKG/J2Liaz30XdOZrKjnawn8r9aMwDtvxzwII2ABnX7kRQKDxElkuMsVoyCGxhCquNkV0z5RhIIJNmdCcOZPXjS1k6JjF53700LpKo0jiw7QITpGDjpDJXSDKqiKKHpGr+gdja0X6836sD6nrRkrndlHf2R9/wDtE6WR</latexit><latexit sha1_base64="oLNxltUt2tvWYgNQCJoUAAvBrF8=">AAACJXicbZDLSgMxFIYz9VbrrerSTbAIrsqMCIq4KNaFIEIFe4G2lEyaaUMzkyE5o5ShL+PGV3HjwiKCK1/FTDtQbf0h8POdc8g5vxsKrsG2v6zM0vLK6lp2PbexubW9k9/dq2kZKcqqVAqpGi7RTPCAVYGDYI1QMeK7gtXdQTmp1x+Z0lwGDzAMWdsnvYB7nBIwqJO/vGYUX+CWT6BPiYhvR7gF3Gd6hsoGKd7rA1FKPs343aiTL9hFeyK8aJzUFFCqSic/bnUljXwWABVE66Zjh9COiQJOBRvlWpFmIaED0mNNYwNiFmnHkytH+MiQLvakMi8APKG/J2Liaz30XdOZrKjnawn8r9aMwDtvxzwII2ABnX7kRQKDxElkuMsVoyCGxhCquNkV0z5RhIIJNmdCcOZPXjS1k6JjF53700LpKo0jiw7QITpGDjpDJXSDKqiKKHpGr+gdja0X6836sD6nrRkrndlHf2R9/wDtE6WR</latexit><latexit sha1_base64="oLNxltUt2tvWYgNQCJoUAAvBrF8=">AAACJXicbZDLSgMxFIYz9VbrrerSTbAIrsqMCIq4KNaFIEIFe4G2lEyaaUMzkyE5o5ShL+PGV3HjwiKCK1/FTDtQbf0h8POdc8g5vxsKrsG2v6zM0vLK6lp2PbexubW9k9/dq2kZKcqqVAqpGi7RTPCAVYGDYI1QMeK7gtXdQTmp1x+Z0lwGDzAMWdsnvYB7nBIwqJO/vGYUX+CWT6BPiYhvR7gF3Gd6hsoGKd7rA1FKPs343aiTL9hFeyK8aJzUFFCqSic/bnUljXwWABVE66Zjh9COiQJOBRvlWpFmIaED0mNNYwNiFmnHkytH+MiQLvakMi8APKG/J2Liaz30XdOZrKjnawn8r9aMwDtvxzwII2ABnX7kRQKDxElkuMsVoyCGxhCquNkV0z5RhIIJNmdCcOZPXjS1k6JjF53700LpKo0jiw7QITpGDjpDJXSDKqiKKHpGr+gdja0X6836sD6nrRkrndlHf2R9/wDtE6WR</latexit>

Properties we want

KeyGen : S ! K ⇥K
<latexit sha1_base64="flYXqPcNK1vtTTSpTD/NrwJH69U=">AAACKHicbZBNS8NAEIY3ftb6VfXoZbEInkoiguLFogcFL4rWFppSNttpu7jZhN2JEkJ/jhf/ihcRRXr1l7htA34ODLw8M8PMvEEshUHXHTpT0zOzc/OFheLi0vLKamlt/cZEieZQ45GMdCNgBqRQUEOBEhqxBhYGEurB7cmoXr8DbUSkrjGNoRWynhJdwRla1C4dnUN6CooeUj9k2OdMZlcD6mvR6yPTOrr/4ueWowjBfEftUtmtuOOgf4WXizLJ46JdevE7EU9CUMglM6bpuTG2MqZRcAmDop8YiBm/ZT1oWqmYXdjKxo8O6LYlHdqNtE2FdEy/T2QsNCYNA9s5OtH8ro3gf7Vmgt2DViZUnCAoPlnUTSTFiI5cox2hgaNMrWBcC3sr5X2mGUfrbdGa4P1++a+42a14bsW73CtXj3M7CmSTbJEd4pF9UiVn5ILUCCcP5Im8kjfn0Xl23p3hpHXKyWc2yI9wPj4Bmvim9A==</latexit><latexit sha1_base64="flYXqPcNK1vtTTSpTD/NrwJH69U=">AAACKHicbZBNS8NAEIY3ftb6VfXoZbEInkoiguLFogcFL4rWFppSNttpu7jZhN2JEkJ/jhf/ihcRRXr1l7htA34ODLw8M8PMvEEshUHXHTpT0zOzc/OFheLi0vLKamlt/cZEieZQ45GMdCNgBqRQUEOBEhqxBhYGEurB7cmoXr8DbUSkrjGNoRWynhJdwRla1C4dnUN6CooeUj9k2OdMZlcD6mvR6yPTOrr/4ueWowjBfEftUtmtuOOgf4WXizLJ46JdevE7EU9CUMglM6bpuTG2MqZRcAmDop8YiBm/ZT1oWqmYXdjKxo8O6LYlHdqNtE2FdEy/T2QsNCYNA9s5OtH8ro3gf7Vmgt2DViZUnCAoPlnUTSTFiI5cox2hgaNMrWBcC3sr5X2mGUfrbdGa4P1++a+42a14bsW73CtXj3M7CmSTbJEd4pF9UiVn5ILUCCcP5Im8kjfn0Xl23p3hpHXKyWc2yI9wPj4Bmvim9A==</latexit><latexit sha1_base64="flYXqPcNK1vtTTSpTD/NrwJH69U=">AAACKHicbZBNS8NAEIY3ftb6VfXoZbEInkoiguLFogcFL4rWFppSNttpu7jZhN2JEkJ/jhf/ihcRRXr1l7htA34ODLw8M8PMvEEshUHXHTpT0zOzc/OFheLi0vLKamlt/cZEieZQ45GMdCNgBqRQUEOBEhqxBhYGEurB7cmoXr8DbUSkrjGNoRWynhJdwRla1C4dnUN6CooeUj9k2OdMZlcD6mvR6yPTOrr/4ueWowjBfEftUtmtuOOgf4WXizLJ46JdevE7EU9CUMglM6bpuTG2MqZRcAmDop8YiBm/ZT1oWqmYXdjKxo8O6LYlHdqNtE2FdEy/T2QsNCYNA9s5OtH8ro3gf7Vmgt2DViZUnCAoPlnUTSTFiI5cox2hgaNMrWBcC3sr5X2mGUfrbdGa4P1++a+42a14bsW73CtXj3M7CmSTbJEd4pF9UiVn5ILUCCcP5Im8kjfn0Xl23p3hpHXKyWc2yI9wPj4Bmvim9A==</latexit><latexit sha1_base64="flYXqPcNK1vtTTSpTD/NrwJH69U=">AAACKHicbZBNS8NAEIY3ftb6VfXoZbEInkoiguLFogcFL4rWFppSNttpu7jZhN2JEkJ/jhf/ihcRRXr1l7htA34ODLw8M8PMvEEshUHXHTpT0zOzc/OFheLi0vLKamlt/cZEieZQ45GMdCNgBqRQUEOBEhqxBhYGEurB7cmoXr8DbUSkrjGNoRWynhJdwRla1C4dnUN6CooeUj9k2OdMZlcD6mvR6yPTOrr/4ueWowjBfEftUtmtuOOgf4WXizLJ46JdevE7EU9CUMglM6bpuTG2MqZRcAmDop8YiBm/ZT1oWqmYXdjKxo8O6LYlHdqNtE2FdEy/T2QsNCYNA9s5OtH8ro3gf7Vmgt2DViZUnCAoPlnUTSTFiI5cox2hgaNMrWBcC3sr5X2mGUfrbdGa4P1++a+42a14bsW73CtXj3M7CmSTbJEd4pF9UiVn5ILUCCcP5Im8kjfn0Xl23p3hpHXKyWc2yI9wPj4Bmvim9A==</latexit>

KeyGen(seed) = (PK,SK)
<latexit sha1_base64="DJz149fiNlRFsHw5X9sEFCh/nmo=">AAACAHicbVDLSgNBEJyNrxhfUQ8evAwGIQEJuyLoRQh6UMglonlAsoTZ2U4yZHZ2mZkVliUXf8WLB0W8+hne/Bsnj4MmFjQUVd10d3kRZ0rb9reVWVpeWV3Lruc2Nre2d/K7ew0VxpJCnYY8lC2PKOBMQF0zzaEVSSCBx6HpDa/HfvMRpGKheNBJBG5A+oL1GCXaSN38QRWSGxBFBeCX8CUu1qon+L5a6uYLdtmeAC8SZ0YKaIZaN//V8UMaByA05USptmNH2k2J1IxyGOU6sYKI0CHpQ9tQQQJQbjp5YISPjeLjXihNCY0n6u+JlARKJYFnOgOiB2reG4v/ee1Y9y7clIko1iDodFEv5liHeJwG9pkEqnliCKGSmVsxHRBJqDaZ5UwIzvzLi6RxWnbssnN3VqhczeLIokN0hIrIQeeogm5RDdURRSP0jF7Rm/VkvVjv1se0NWPNZvbRH1ifPw5mlBk=</latexit><latexit sha1_base64="DJz149fiNlRFsHw5X9sEFCh/nmo=">AAACAHicbVDLSgNBEJyNrxhfUQ8evAwGIQEJuyLoRQh6UMglonlAsoTZ2U4yZHZ2mZkVliUXf8WLB0W8+hne/Bsnj4MmFjQUVd10d3kRZ0rb9reVWVpeWV3Lruc2Nre2d/K7ew0VxpJCnYY8lC2PKOBMQF0zzaEVSSCBx6HpDa/HfvMRpGKheNBJBG5A+oL1GCXaSN38QRWSGxBFBeCX8CUu1qon+L5a6uYLdtmeAC8SZ0YKaIZaN//V8UMaByA05USptmNH2k2J1IxyGOU6sYKI0CHpQ9tQQQJQbjp5YISPjeLjXihNCY0n6u+JlARKJYFnOgOiB2reG4v/ee1Y9y7clIko1iDodFEv5liHeJwG9pkEqnliCKGSmVsxHRBJqDaZ5UwIzvzLi6RxWnbssnN3VqhczeLIokN0hIrIQeeogm5RDdURRSP0jF7Rm/VkvVjv1se0NWPNZvbRH1ifPw5mlBk=</latexit><latexit sha1_base64="DJz149fiNlRFsHw5X9sEFCh/nmo=">AAACAHicbVDLSgNBEJyNrxhfUQ8evAwGIQEJuyLoRQh6UMglonlAsoTZ2U4yZHZ2mZkVliUXf8WLB0W8+hne/Bsnj4MmFjQUVd10d3kRZ0rb9reVWVpeWV3Lruc2Nre2d/K7ew0VxpJCnYY8lC2PKOBMQF0zzaEVSSCBx6HpDa/HfvMRpGKheNBJBG5A+oL1GCXaSN38QRWSGxBFBeCX8CUu1qon+L5a6uYLdtmeAC8SZ0YKaIZaN//V8UMaByA05USptmNH2k2J1IxyGOU6sYKI0CHpQ9tQQQJQbjp5YISPjeLjXihNCY0n6u+JlARKJYFnOgOiB2reG4v/ee1Y9y7clIko1iDodFEv5liHeJwG9pkEqnliCKGSmVsxHRBJqDaZ5UwIzvzLi6RxWnbssnN3VqhczeLIokN0hIrIQeeogm5RDdURRSP0jF7Rm/VkvVjv1se0NWPNZvbRH1ifPw5mlBk=</latexit><latexit sha1_base64="DJz149fiNlRFsHw5X9sEFCh/nmo=">AAACAHicbVDLSgNBEJyNrxhfUQ8evAwGIQEJuyLoRQh6UMglonlAsoTZ2U4yZHZ2mZkVliUXf8WLB0W8+hne/Bsnj4MmFjQUVd10d3kRZ0rb9reVWVpeWV3Lruc2Nre2d/K7ew0VxpJCnYY8lC2PKOBMQF0zzaEVSSCBx6HpDa/HfvMRpGKheNBJBG5A+oL1GCXaSN38QRWSGxBFBeCX8CUu1qon+L5a6uYLdtmeAC8SZ0YKaIZaN//V8UMaByA05USptmNH2k2J1IxyGOU6sYKI0CHpQ9tQQQJQbjp5YISPjeLjXihNCY0n6u+JlARKJYFnOgOiB2reG4v/ee1Y9y7clIko1iDodFEv5liHeJwG9pkEqnliCKGSmVsxHRBJqDaZ5UwIzvzLi6RxWnbssnN3VqhczeLIokN0hIrIQeeogm5RDdURRSP0jF7Rm/VkvVjv1se0NWPNZvbRH1ifPw5mlBk=</latexit>

computable in (classical) polynomial timeKeyGen,Enc,Dec
<latexit sha1_base64="HTKNOmZxCC0U3pd55r4GTkf3M6Y=">AAAB+XicbVDLSsNAFJ3UV62vqEs3g0VwUUoigi6LDxTcVLAPaEOZTG/aoZNJmJkUQuifuHGhiFv/xJ1/47TNQlsPXDiccy/33uPHnCntON9WYWV1bX2juFna2t7Z3bP3D5oqSiSFBo14JNs+UcCZgIZmmkM7lkBCn0PLH11P/dYYpGKReNJpDF5IBoIFjBJtpJ5tP0B6B6KCbwWt4BugPbvsVJ0Z8DJxc1JGOeo9+6vbj2gSgtCUE6U6rhNrLyNSM8phUuomCmJCR2QAHUMFCUF52ezyCT4xSh8HkTQlNJ6pvycyEiqVhr7pDIkeqkVvKv7ndRIdXHoZE3GiQdD5oiDhWEd4GgPuMwlU89QQQiUzt2I6JJJQbcIqmRDcxZeXSfOs6jpV9/G8XLvK4yiiI3SMTpGLLlAN3aM6aiCKxugZvaI3K7NerHfrY95asPKZQ/QH1ucPiVuSSA==</latexit><latexit sha1_base64="HTKNOmZxCC0U3pd55r4GTkf3M6Y=">AAAB+XicbVDLSsNAFJ3UV62vqEs3g0VwUUoigi6LDxTcVLAPaEOZTG/aoZNJmJkUQuifuHGhiFv/xJ1/47TNQlsPXDiccy/33uPHnCntON9WYWV1bX2juFna2t7Z3bP3D5oqSiSFBo14JNs+UcCZgIZmmkM7lkBCn0PLH11P/dYYpGKReNJpDF5IBoIFjBJtpJ5tP0B6B6KCbwWt4BugPbvsVJ0Z8DJxc1JGOeo9+6vbj2gSgtCUE6U6rhNrLyNSM8phUuomCmJCR2QAHUMFCUF52ezyCT4xSh8HkTQlNJ6pvycyEiqVhr7pDIkeqkVvKv7ndRIdXHoZE3GiQdD5oiDhWEd4GgPuMwlU89QQQiUzt2I6JJJQbcIqmRDcxZeXSfOs6jpV9/G8XLvK4yiiI3SMTpGLLlAN3aM6aiCKxugZvaI3K7NerHfrY95asPKZQ/QH1ucPiVuSSA==</latexit><latexit sha1_base64="HTKNOmZxCC0U3pd55r4GTkf3M6Y=">AAAB+XicbVDLSsNAFJ3UV62vqEs3g0VwUUoigi6LDxTcVLAPaEOZTG/aoZNJmJkUQuifuHGhiFv/xJ1/47TNQlsPXDiccy/33uPHnCntON9WYWV1bX2juFna2t7Z3bP3D5oqSiSFBo14JNs+UcCZgIZmmkM7lkBCn0PLH11P/dYYpGKReNJpDF5IBoIFjBJtpJ5tP0B6B6KCbwWt4BugPbvsVJ0Z8DJxc1JGOeo9+6vbj2gSgtCUE6U6rhNrLyNSM8phUuomCmJCR2QAHUMFCUF52ezyCT4xSh8HkTQlNJ6pvycyEiqVhr7pDIkeqkVvKv7ndRIdXHoZE3GiQdD5oiDhWEd4GgPuMwlU89QQQiUzt2I6JJJQbcIqmRDcxZeXSfOs6jpV9/G8XLvK4yiiI3SMTpGLLlAN3aM6aiCKxugZvaI3K7NerHfrY95asPKZQ/QH1ucPiVuSSA==</latexit><latexit sha1_base64="HTKNOmZxCC0U3pd55r4GTkf3M6Y=">AAAB+XicbVDLSsNAFJ3UV62vqEs3g0VwUUoigi6LDxTcVLAPaEOZTG/aoZNJmJkUQuifuHGhiFv/xJ1/47TNQlsPXDiccy/33uPHnCntON9WYWV1bX2juFna2t7Z3bP3D5oqSiSFBo14JNs+UcCZgIZmmkM7lkBCn0PLH11P/dYYpGKReNJpDF5IBoIFjBJtpJ5tP0B6B6KCbwWt4BugPbvsVJ0Z8DJxc1JGOeo9+6vbj2gSgtCUE6U6rhNrLyNSM8phUuomCmJCR2QAHUMFCUF52ezyCT4xSh8HkTQlNJ6pvycyEiqVhr7pDIkeqkVvKv7ndRIdXHoZE3GiQdD5oiDhWEd4GgPuMwlU89QQQiUzt2I6JJJQbcIqmRDcxZeXSfOs6jpV9/G8XLvK4yiiI3SMTpGLLlAN3aM6aiCKxugZvaI3K7NerHfrY95asPKZQ/QH1ucPiVuSSA==</latexit>

8(PK,SK) 2 Range(KeyGen),
<latexit sha1_base64="o246nsZK225mif+4atC+EL03vC8=">AAACDXicbVDJSgNBEO2JW4zbqEcvjVFIIIQZEfQY9KCQS1yyQGYIPZ1K0qSnZ+juEULID3jxV7x4UMSrd2/+jZ3loIkPCh7vVVFVL4g5U9pxvq3U0vLK6lp6PbOxubW9Y+/u1VSUSApVGvFINgKigDMBVc00h0YsgYQBh3rQvxz79QeQikXiXg9i8EPSFazDKNFGatlHXieShHOcq5QL+K6cxx4T+JaILuTKMLgCkS/glp11is4EeJG4M5JFM1Ra9pfXjmgSgtCUE6WarhNrf0ikZpTDKOMlCmJC+6QLTUMFCUH5w8k3I3xslDY2Z5kSGk/U3xNDEio1CAPTGRLdU/PeWPzPaya6c+4PmYgTDYJOF3USjnWEx9HgNpNANR8YQqhk5lZMe0QSqk2AGROCO//yIqmdFF2n6N6cZksXszjS6AAdohxy0RkqoWtUQVVE0SN6Rq/ozXqyXqx362PamrJmM/voD6zPH0qfmSU=</latexit><latexit sha1_base64="o246nsZK225mif+4atC+EL03vC8=">AAACDXicbVDJSgNBEO2JW4zbqEcvjVFIIIQZEfQY9KCQS1yyQGYIPZ1K0qSnZ+juEULID3jxV7x4UMSrd2/+jZ3loIkPCh7vVVFVL4g5U9pxvq3U0vLK6lp6PbOxubW9Y+/u1VSUSApVGvFINgKigDMBVc00h0YsgYQBh3rQvxz79QeQikXiXg9i8EPSFazDKNFGatlHXieShHOcq5QL+K6cxx4T+JaILuTKMLgCkS/glp11is4EeJG4M5JFM1Ra9pfXjmgSgtCUE6WarhNrf0ikZpTDKOMlCmJC+6QLTUMFCUH5w8k3I3xslDY2Z5kSGk/U3xNDEio1CAPTGRLdU/PeWPzPaya6c+4PmYgTDYJOF3USjnWEx9HgNpNANR8YQqhk5lZMe0QSqk2AGROCO//yIqmdFF2n6N6cZksXszjS6AAdohxy0RkqoWtUQVVE0SN6Rq/ozXqyXqx362PamrJmM/voD6zPH0qfmSU=</latexit><latexit sha1_base64="o246nsZK225mif+4atC+EL03vC8=">AAACDXicbVDJSgNBEO2JW4zbqEcvjVFIIIQZEfQY9KCQS1yyQGYIPZ1K0qSnZ+juEULID3jxV7x4UMSrd2/+jZ3loIkPCh7vVVFVL4g5U9pxvq3U0vLK6lp6PbOxubW9Y+/u1VSUSApVGvFINgKigDMBVc00h0YsgYQBh3rQvxz79QeQikXiXg9i8EPSFazDKNFGatlHXieShHOcq5QL+K6cxx4T+JaILuTKMLgCkS/glp11is4EeJG4M5JFM1Ra9pfXjmgSgtCUE6WarhNrf0ikZpTDKOMlCmJC+6QLTUMFCUH5w8k3I3xslDY2Z5kSGk/U3xNDEio1CAPTGRLdU/PeWPzPaya6c+4PmYgTDYJOF3USjnWEx9HgNpNANR8YQqhk5lZMe0QSqk2AGROCO//yIqmdFF2n6N6cZksXszjS6AAdohxy0RkqoWtUQVVE0SN6Rq/ozXqyXqx362PamrJmM/voD6zPH0qfmSU=</latexit><latexit sha1_base64="o246nsZK225mif+4atC+EL03vC8=">AAACDXicbVDJSgNBEO2JW4zbqEcvjVFIIIQZEfQY9KCQS1yyQGYIPZ1K0qSnZ+juEULID3jxV7x4UMSrd2/+jZ3loIkPCh7vVVFVL4g5U9pxvq3U0vLK6lp6PbOxubW9Y+/u1VSUSApVGvFINgKigDMBVc00h0YsgYQBh3rQvxz79QeQikXiXg9i8EPSFazDKNFGatlHXieShHOcq5QL+K6cxx4T+JaILuTKMLgCkS/glp11is4EeJG4M5JFM1Ra9pfXjmgSgtCUE6WarhNrf0ikZpTDKOMlCmJC+6QLTUMFCUH5w8k3I3xslDY2Z5kSGk/U3xNDEio1CAPTGRLdU/PeWPzPaya6c+4PmYgTDYJOF3USjnWEx9HgNpNANR8YQqhk5lZMe0QSqk2AGROCO//yIqmdFF2n6N6cZksXszjS6AAdohxy0RkqoWtUQVVE0SN6Rq/ozXqyXqx362PamrJmM/voD6zPH0qfmSU=</latexit>

8M 2 M, Dec(SK,Enc(PK,M)) = M
<latexit sha1_base64="DroLZbTVdZGikXz9S4gfBBr22p0="></latexit><latexit sha1_base64="DroLZbTVdZGikXz9S4gfBBr22p0="></latexit><latexit sha1_base64="DroLZbTVdZGikXz9S4gfBBr22p0="></latexit><latexit sha1_base64="DroLZbTVdZGikXz9S4gfBBr22p0="></latexit>



More about public-key cryptography

computable in (classical) polynomial timeKeyGen,Enc,Dec
<latexit sha1_base64="HTKNOmZxCC0U3pd55r4GTkf3M6Y=">AAAB+XicbVDLSsNAFJ3UV62vqEs3g0VwUUoigi6LDxTcVLAPaEOZTG/aoZNJmJkUQuifuHGhiFv/xJ1/47TNQlsPXDiccy/33uPHnCntON9WYWV1bX2juFna2t7Z3bP3D5oqSiSFBo14JNs+UcCZgIZmmkM7lkBCn0PLH11P/dYYpGKReNJpDF5IBoIFjBJtpJ5tP0B6B6KCbwWt4BugPbvsVJ0Z8DJxc1JGOeo9+6vbj2gSgtCUE6U6rhNrLyNSM8phUuomCmJCR2QAHUMFCUF52ezyCT4xSh8HkTQlNJ6pvycyEiqVhr7pDIkeqkVvKv7ndRIdXHoZE3GiQdD5oiDhWEd4GgPuMwlU89QQQiUzt2I6JJJQbcIqmRDcxZeXSfOs6jpV9/G8XLvK4yiiI3SMTpGLLlAN3aM6aiCKxugZvaI3K7NerHfrY95asPKZQ/QH1ucPiVuSSA==</latexit><latexit sha1_base64="HTKNOmZxCC0U3pd55r4GTkf3M6Y=">AAAB+XicbVDLSsNAFJ3UV62vqEs3g0VwUUoigi6LDxTcVLAPaEOZTG/aoZNJmJkUQuifuHGhiFv/xJ1/47TNQlsPXDiccy/33uPHnCntON9WYWV1bX2juFna2t7Z3bP3D5oqSiSFBo14JNs+UcCZgIZmmkM7lkBCn0PLH11P/dYYpGKReNJpDF5IBoIFjBJtpJ5tP0B6B6KCbwWt4BugPbvsVJ0Z8DJxc1JGOeo9+6vbj2gSgtCUE6U6rhNrLyNSM8phUuomCmJCR2QAHUMFCUF52ezyCT4xSh8HkTQlNJ6pvycyEiqVhr7pDIkeqkVvKv7ndRIdXHoZE3GiQdD5oiDhWEd4GgPuMwlU89QQQiUzt2I6JJJQbcIqmRDcxZeXSfOs6jpV9/G8XLvK4yiiI3SMTpGLLlAN3aM6aiCKxugZvaI3K7NerHfrY95asPKZQ/QH1ucPiVuSSA==</latexit><latexit sha1_base64="HTKNOmZxCC0U3pd55r4GTkf3M6Y=">AAAB+XicbVDLSsNAFJ3UV62vqEs3g0VwUUoigi6LDxTcVLAPaEOZTG/aoZNJmJkUQuifuHGhiFv/xJ1/47TNQlsPXDiccy/33uPHnCntON9WYWV1bX2juFna2t7Z3bP3D5oqSiSFBo14JNs+UcCZgIZmmkM7lkBCn0PLH11P/dYYpGKReNJpDF5IBoIFjBJtpJ5tP0B6B6KCbwWt4BugPbvsVJ0Z8DJxc1JGOeo9+6vbj2gSgtCUE6U6rhNrLyNSM8phUuomCmJCR2QAHUMFCUF52ezyCT4xSh8HkTQlNJ6pvycyEiqVhr7pDIkeqkVvKv7ndRIdXHoZE3GiQdD5oiDhWEd4GgPuMwlU89QQQiUzt2I6JJJQbcIqmRDcxZeXSfOs6jpV9/G8XLvK4yiiI3SMTpGLLlAN3aM6aiCKxugZvaI3K7NerHfrY95asPKZQ/QH1ucPiVuSSA==</latexit><latexit sha1_base64="HTKNOmZxCC0U3pd55r4GTkf3M6Y=">AAAB+XicbVDLSsNAFJ3UV62vqEs3g0VwUUoigi6LDxTcVLAPaEOZTG/aoZNJmJkUQuifuHGhiFv/xJ1/47TNQlsPXDiccy/33uPHnCntON9WYWV1bX2juFna2t7Z3bP3D5oqSiSFBo14JNs+UcCZgIZmmkM7lkBCn0PLH11P/dYYpGKReNJpDF5IBoIFjBJtpJ5tP0B6B6KCbwWt4BugPbvsVJ0Z8DJxc1JGOeo9+6vbj2gSgtCUE6U6rhNrLyNSM8phUuomCmJCR2QAHUMFCUF52ezyCT4xSh8HkTQlNJ6pvycyEiqVhr7pDIkeqkVvKv7ndRIdXHoZE3GiQdD5oiDhWEd4GgPuMwlU89QQQiUzt2I6JJJQbcIqmRDcxZeXSfOs6jpV9/G8XLvK4yiiI3SMTpGLLlAN3aM6aiCKxugZvaI3K7NerHfrY95asPKZQ/QH1ucPiVuSSA==</latexit>

8(PK,SK) 2 Range(KeyGen),
<latexit sha1_base64="o246nsZK225mif+4atC+EL03vC8=">AAACDXicbVDJSgNBEO2JW4zbqEcvjVFIIIQZEfQY9KCQS1yyQGYIPZ1K0qSnZ+juEULID3jxV7x4UMSrd2/+jZ3loIkPCh7vVVFVL4g5U9pxvq3U0vLK6lp6PbOxubW9Y+/u1VSUSApVGvFINgKigDMBVc00h0YsgYQBh3rQvxz79QeQikXiXg9i8EPSFazDKNFGatlHXieShHOcq5QL+K6cxx4T+JaILuTKMLgCkS/glp11is4EeJG4M5JFM1Ra9pfXjmgSgtCUE6WarhNrf0ikZpTDKOMlCmJC+6QLTUMFCUH5w8k3I3xslDY2Z5kSGk/U3xNDEio1CAPTGRLdU/PeWPzPaya6c+4PmYgTDYJOF3USjnWEx9HgNpNANR8YQqhk5lZMe0QSqk2AGROCO//yIqmdFF2n6N6cZksXszjS6AAdohxy0RkqoWtUQVVE0SN6Rq/ozXqyXqx362PamrJmM/voD6zPH0qfmSU=</latexit><latexit sha1_base64="o246nsZK225mif+4atC+EL03vC8=">AAACDXicbVDJSgNBEO2JW4zbqEcvjVFIIIQZEfQY9KCQS1yyQGYIPZ1K0qSnZ+juEULID3jxV7x4UMSrd2/+jZ3loIkPCh7vVVFVL4g5U9pxvq3U0vLK6lp6PbOxubW9Y+/u1VSUSApVGvFINgKigDMBVc00h0YsgYQBh3rQvxz79QeQikXiXg9i8EPSFazDKNFGatlHXieShHOcq5QL+K6cxx4T+JaILuTKMLgCkS/glp11is4EeJG4M5JFM1Ra9pfXjmgSgtCUE6WarhNrf0ikZpTDKOMlCmJC+6QLTUMFCUH5w8k3I3xslDY2Z5kSGk/U3xNDEio1CAPTGRLdU/PeWPzPaya6c+4PmYgTDYJOF3USjnWEx9HgNpNANR8YQqhk5lZMe0QSqk2AGROCO//yIqmdFF2n6N6cZksXszjS6AAdohxy0RkqoWtUQVVE0SN6Rq/ozXqyXqx362PamrJmM/voD6zPH0qfmSU=</latexit><latexit sha1_base64="o246nsZK225mif+4atC+EL03vC8=">AAACDXicbVDJSgNBEO2JW4zbqEcvjVFIIIQZEfQY9KCQS1yyQGYIPZ1K0qSnZ+juEULID3jxV7x4UMSrd2/+jZ3loIkPCh7vVVFVL4g5U9pxvq3U0vLK6lp6PbOxubW9Y+/u1VSUSApVGvFINgKigDMBVc00h0YsgYQBh3rQvxz79QeQikXiXg9i8EPSFazDKNFGatlHXieShHOcq5QL+K6cxx4T+JaILuTKMLgCkS/glp11is4EeJG4M5JFM1Ra9pfXjmgSgtCUE6WarhNrf0ikZpTDKOMlCmJC+6QLTUMFCUH5w8k3I3xslDY2Z5kSGk/U3xNDEio1CAPTGRLdU/PeWPzPaya6c+4PmYgTDYJOF3USjnWEx9HgNpNANR8YQqhk5lZMe0QSqk2AGROCO//yIqmdFF2n6N6cZksXszjS6AAdohxy0RkqoWtUQVVE0SN6Rq/ozXqyXqx362PamrJmM/voD6zPH0qfmSU=</latexit><latexit sha1_base64="o246nsZK225mif+4atC+EL03vC8=">AAACDXicbVDJSgNBEO2JW4zbqEcvjVFIIIQZEfQY9KCQS1yyQGYIPZ1K0qSnZ+juEULID3jxV7x4UMSrd2/+jZ3loIkPCh7vVVFVL4g5U9pxvq3U0vLK6lp6PbOxubW9Y+/u1VSUSApVGvFINgKigDMBVc00h0YsgYQBh3rQvxz79QeQikXiXg9i8EPSFazDKNFGatlHXieShHOcq5QL+K6cxx4T+JaILuTKMLgCkS/glp11is4EeJG4M5JFM1Ra9pfXjmgSgtCUE6WarhNrf0ikZpTDKOMlCmJC+6QLTUMFCUH5w8k3I3xslDY2Z5kSGk/U3xNDEio1CAPTGRLdU/PeWPzPaya6c+4PmYgTDYJOF3USjnWEx9HgNpNANR8YQqhk5lZMe0QSqk2AGROCO//yIqmdFF2n6N6cZksXszjS6AAdohxy0RkqoWtUQVVE0SN6Rq/ozXqyXqx362PamrJmM/voD6zPH0qfmSU=</latexit>

8M 2 M, Dec(SK,Enc(PK,M)) = M
<latexit sha1_base64="DroLZbTVdZGikXz9S4gfBBr22p0="></latexit><latexit sha1_base64="DroLZbTVdZGikXz9S4gfBBr22p0="></latexit><latexit sha1_base64="DroLZbTVdZGikXz9S4gfBBr22p0="></latexit><latexit sha1_base64="DroLZbTVdZGikXz9S4gfBBr22p0="></latexit>

Denote as PPM the set of probabilistic  
poly-time machines/algorithms

Given any two messages        andM1
<latexit sha1_base64="MGvmM5xMPD4/J5iXoaa4R8gsR3k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiFy9CRfsBbSib7aZdutmE3YlQQn+CFw+KePUXefPfuG1z0NYHA4/3ZpiZFyRSGHTdb6ewtr6xuVXcLu3s7u0flA+PWiZONeNNFstYdwJquBSKN1Gg5J1EcxoFkreD8c3Mbz9xbUSsHnGScD+iQyVCwSha6eGu7/XLFbfqzkFWiZeTCuRo9MtfvUHM0ogrZJIa0/XcBP2MahRM8mmplxqeUDamQ961VNGIGz+bnzolZ1YZkDDWthSSufp7IqORMZMosJ0RxZFZ9mbif143xfDKz4RKUuSKLRaFqSQYk9nfZCA0ZygnllCmhb2VsBHVlKFNp2RD8JZfXiWti6rnVr37y0r9Oo+jCCdwCufgQQ3qcAsNaAKDITzDK7w50nlx3p2PRWvByWeO4Q+czx/KH411</latexit><latexit sha1_base64="MGvmM5xMPD4/J5iXoaa4R8gsR3k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiFy9CRfsBbSib7aZdutmE3YlQQn+CFw+KePUXefPfuG1z0NYHA4/3ZpiZFyRSGHTdb6ewtr6xuVXcLu3s7u0flA+PWiZONeNNFstYdwJquBSKN1Gg5J1EcxoFkreD8c3Mbz9xbUSsHnGScD+iQyVCwSha6eGu7/XLFbfqzkFWiZeTCuRo9MtfvUHM0ogrZJIa0/XcBP2MahRM8mmplxqeUDamQ961VNGIGz+bnzolZ1YZkDDWthSSufp7IqORMZMosJ0RxZFZ9mbif143xfDKz4RKUuSKLRaFqSQYk9nfZCA0ZygnllCmhb2VsBHVlKFNp2RD8JZfXiWti6rnVr37y0r9Oo+jCCdwCufgQQ3qcAsNaAKDITzDK7w50nlx3p2PRWvByWeO4Q+czx/KH411</latexit><latexit sha1_base64="MGvmM5xMPD4/J5iXoaa4R8gsR3k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiFy9CRfsBbSib7aZdutmE3YlQQn+CFw+KePUXefPfuG1z0NYHA4/3ZpiZFyRSGHTdb6ewtr6xuVXcLu3s7u0flA+PWiZONeNNFstYdwJquBSKN1Gg5J1EcxoFkreD8c3Mbz9xbUSsHnGScD+iQyVCwSha6eGu7/XLFbfqzkFWiZeTCuRo9MtfvUHM0ogrZJIa0/XcBP2MahRM8mmplxqeUDamQ961VNGIGz+bnzolZ1YZkDDWthSSufp7IqORMZMosJ0RxZFZ9mbif143xfDKz4RKUuSKLRaFqSQYk9nfZCA0ZygnllCmhb2VsBHVlKFNp2RD8JZfXiWti6rnVr37y0r9Oo+jCCdwCufgQQ3qcAsNaAKDITzDK7w50nlx3p2PRWvByWeO4Q+czx/KH411</latexit><latexit sha1_base64="MGvmM5xMPD4/J5iXoaa4R8gsR3k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiFy9CRfsBbSib7aZdutmE3YlQQn+CFw+KePUXefPfuG1z0NYHA4/3ZpiZFyRSGHTdb6ewtr6xuVXcLu3s7u0flA+PWiZONeNNFstYdwJquBSKN1Gg5J1EcxoFkreD8c3Mbz9xbUSsHnGScD+iQyVCwSha6eGu7/XLFbfqzkFWiZeTCuRo9MtfvUHM0ogrZJIa0/XcBP2MahRM8mmplxqeUDamQ961VNGIGz+bnzolZ1YZkDDWthSSufp7IqORMZMosJ0RxZFZ9mbif143xfDKz4RKUuSKLRaFqSQYk9nfZCA0ZygnllCmhb2VsBHVlKFNp2RD8JZfXiWti6rnVr37y0r9Oo+jCCdwCufgQQ3qcAsNaAKDITzDK7w50nlx3p2PRWvByWeO4Q+czx/KH411</latexit>

M2
<latexit sha1_base64="YBKkM/usJGsWPS4Y3bENK9gGaLI=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeiFy9CRfsBbSib7aRdutmE3Y1QQn+CFw+KePUXefPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvpn57SdUmsfy0UwS9CM6lDzkjBorPdz1a/1yxa26c5BV4uWkAjka/fJXbxCzNEJpmKBadz03MX5GleFM4LTUSzUmlI3pELuWShqh9rP5qVNyZpUBCWNlSxoyV39PZDTSehIFtjOiZqSXvZn4n9dNTXjlZ1wmqUHJFovCVBATk9nfZMAVMiMmllCmuL2VsBFVlBmbTsmG4C2/vEpatarnVr37i0r9Oo+jCCdwCufgwSXU4RYa0AQGQ3iGV3hzhPPivDsfi9aCk88cwx84nz/Lo412</latexit><latexit sha1_base64="YBKkM/usJGsWPS4Y3bENK9gGaLI=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeiFy9CRfsBbSib7aRdutmE3Y1QQn+CFw+KePUXefPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvpn57SdUmsfy0UwS9CM6lDzkjBorPdz1a/1yxa26c5BV4uWkAjka/fJXbxCzNEJpmKBadz03MX5GleFM4LTUSzUmlI3pELuWShqh9rP5qVNyZpUBCWNlSxoyV39PZDTSehIFtjOiZqSXvZn4n9dNTXjlZ1wmqUHJFovCVBATk9nfZMAVMiMmllCmuL2VsBFVlBmbTsmG4C2/vEpatarnVr37i0r9Oo+jCCdwCufgwSXU4RYa0AQGQ3iGV3hzhPPivDsfi9aCk88cwx84nz/Lo412</latexit><latexit sha1_base64="YBKkM/usJGsWPS4Y3bENK9gGaLI=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeiFy9CRfsBbSib7aRdutmE3Y1QQn+CFw+KePUXefPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvpn57SdUmsfy0UwS9CM6lDzkjBorPdz1a/1yxa26c5BV4uWkAjka/fJXbxCzNEJpmKBadz03MX5GleFM4LTUSzUmlI3pELuWShqh9rP5qVNyZpUBCWNlSxoyV39PZDTSehIFtjOiZqSXvZn4n9dNTXjlZ1wmqUHJFovCVBATk9nfZMAVMiMmllCmuL2VsBFVlBmbTsmG4C2/vEpatarnVr37i0r9Oo+jCCdwCufgwSXU4RYa0AQGQ3iGV3hzhPPivDsfi9aCk88cwx84nz/Lo412</latexit><latexit sha1_base64="YBKkM/usJGsWPS4Y3bENK9gGaLI=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeiFy9CRfsBbSib7aRdutmE3Y1QQn+CFw+KePUXefPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvpn57SdUmsfy0UwS9CM6lDzkjBorPdz1a/1yxa26c5BV4uWkAjka/fJXbxCzNEJpmKBadz03MX5GleFM4LTUSzUmlI3pELuWShqh9rP5qVNyZpUBCWNlSxoyV39PZDTSehIFtjOiZqSXvZn4n9dNTXjlZ1wmqUHJFovCVBATk9nfZMAVMiMmllCmuL2VsBFVlBmbTsmG4C2/vEpatarnVr37i0r9Oo+jCCdwCufgwSXU4RYa0AQGQ3iGV3hzhPPivDsfi9aCk88cwx84nz/Lo412</latexit>

it must be that

8A 2 PPM
<latexit sha1_base64="WJvGhTVEYBTttpkg4XCYdezA/WM=">AAAB+3icbVDLSsNAFL2pr1pfsS7dDBbBVUlEqMuqGzdCBPuAJpTJdNIOnUzCzEQsob/ixoUibv0Rd/6N0zYLbT0wcDjnXu6ZE6acKe0431ZpbX1jc6u8XdnZ3ds/sA+rbZVkktAWSXgiuyFWlDNBW5ppTruppDgOOe2E45uZ33mkUrFEPOhJSoMYDwWLGMHaSH276keJxJyjK+QzgTzvDvXtmlN35kCrxC1IDQp4ffvLHyQki6nQhGOleq6T6iDHUjPC6bTiZ4qmmIzxkPYMFTimKsjn2afo1CgDZEKYJzSaq783chwrNYlDMxljPVLL3kz8z+tlOroMcibSTFNBFoeijCOdoFkRaMAkJZpPDMFEMpMVkRGWmGhTV8WU4C5/eZW0z+uuU3fvL2rN66KOMhzDCZyBCw1owi140AICT/AMr/BmTa0X6936WIyWrGLnCP7A+vwBBaeTHA==</latexit><latexit sha1_base64="WJvGhTVEYBTttpkg4XCYdezA/WM=">AAAB+3icbVDLSsNAFL2pr1pfsS7dDBbBVUlEqMuqGzdCBPuAJpTJdNIOnUzCzEQsob/ixoUibv0Rd/6N0zYLbT0wcDjnXu6ZE6acKe0431ZpbX1jc6u8XdnZ3ds/sA+rbZVkktAWSXgiuyFWlDNBW5ppTruppDgOOe2E45uZ33mkUrFEPOhJSoMYDwWLGMHaSH276keJxJyjK+QzgTzvDvXtmlN35kCrxC1IDQp4ffvLHyQki6nQhGOleq6T6iDHUjPC6bTiZ4qmmIzxkPYMFTimKsjn2afo1CgDZEKYJzSaq783chwrNYlDMxljPVLL3kz8z+tlOroMcibSTFNBFoeijCOdoFkRaMAkJZpPDMFEMpMVkRGWmGhTV8WU4C5/eZW0z+uuU3fvL2rN66KOMhzDCZyBCw1owi140AICT/AMr/BmTa0X6936WIyWrGLnCP7A+vwBBaeTHA==</latexit><latexit sha1_base64="WJvGhTVEYBTttpkg4XCYdezA/WM=">AAAB+3icbVDLSsNAFL2pr1pfsS7dDBbBVUlEqMuqGzdCBPuAJpTJdNIOnUzCzEQsob/ixoUibv0Rd/6N0zYLbT0wcDjnXu6ZE6acKe0431ZpbX1jc6u8XdnZ3ds/sA+rbZVkktAWSXgiuyFWlDNBW5ppTruppDgOOe2E45uZ33mkUrFEPOhJSoMYDwWLGMHaSH276keJxJyjK+QzgTzvDvXtmlN35kCrxC1IDQp4ffvLHyQki6nQhGOleq6T6iDHUjPC6bTiZ4qmmIzxkPYMFTimKsjn2afo1CgDZEKYJzSaq783chwrNYlDMxljPVLL3kz8z+tlOroMcibSTFNBFoeijCOdoFkRaMAkJZpPDMFEMpMVkRGWmGhTV8WU4C5/eZW0z+uuU3fvL2rN66KOMhzDCZyBCw1owi140AICT/AMr/BmTa0X6936WIyWrGLnCP7A+vwBBaeTHA==</latexit><latexit sha1_base64="WJvGhTVEYBTttpkg4XCYdezA/WM=">AAAB+3icbVDLSsNAFL2pr1pfsS7dDBbBVUlEqMuqGzdCBPuAJpTJdNIOnUzCzEQsob/ixoUibv0Rd/6N0zYLbT0wcDjnXu6ZE6acKe0431ZpbX1jc6u8XdnZ3ds/sA+rbZVkktAWSXgiuyFWlDNBW5ppTruppDgOOe2E45uZ33mkUrFEPOhJSoMYDwWLGMHaSH276keJxJyjK+QzgTzvDvXtmlN35kCrxC1IDQp4ffvLHyQki6nQhGOleq6T6iDHUjPC6bTiZ4qmmIzxkPYMFTimKsjn2afo1CgDZEKYJzSaq783chwrNYlDMxljPVLL3kz8z+tlOroMcibSTFNBFoeijCOdoFkRaMAkJZpPDMFEMpMVkRGWmGhTV8WU4C5/eZW0z+uuU3fvL2rN66KOMhzDCZyBCw1owi140AICT/AMr/BmTa0X6936WIyWrGLnCP7A+vwBBaeTHA==</latexit>

 small
<latexit sha1_base64="dkDVO4u+P0UBgTAGW1l3zwmpb2o=">AAAB+3icbVBNS8NAEN3Ur1q/Yj16WSyCp5KIoMeiF48VbCu0oWy2k3bp5sPdibSE/BUvHhTx6h/x5r9x2+agrQ8GHu/NMDPPT6TQ6DjfVmltfWNzq7xd2dnd2z+wD6ttHaeKQ4vHMlYPPtMgRQQtFCjhIVHAQl9Cxx/fzPzOEygt4ugepwl4IRtGIhCcoZH6dpX2JDzSHsIEMx0yKfO+XXPqzhx0lbgFqZECzb791RvEPA0hQi6Z1l3XSdDLmELBJeSVXqohYXzMhtA1NGIhaC+b357TU6MMaBArUxHSufp7ImOh1tPQN50hw5Fe9mbif143xeDKy0SUpAgRXywKUkkxprMg6EAo4CinhjCuhLmV8hFTjKOJq2JCcJdfXiXt87rr1N27i1rjuoijTI7JCTkjLrkkDXJLmqRFOJmQZ/JK3qzcerHerY9Fa8kqZo7IH1ifPwjZlG8=</latexit><latexit sha1_base64="dkDVO4u+P0UBgTAGW1l3zwmpb2o=">AAAB+3icbVBNS8NAEN3Ur1q/Yj16WSyCp5KIoMeiF48VbCu0oWy2k3bp5sPdibSE/BUvHhTx6h/x5r9x2+agrQ8GHu/NMDPPT6TQ6DjfVmltfWNzq7xd2dnd2z+wD6ttHaeKQ4vHMlYPPtMgRQQtFCjhIVHAQl9Cxx/fzPzOEygt4ugepwl4IRtGIhCcoZH6dpX2JDzSHsIEMx0yKfO+XXPqzhx0lbgFqZECzb791RvEPA0hQi6Z1l3XSdDLmELBJeSVXqohYXzMhtA1NGIhaC+b357TU6MMaBArUxHSufp7ImOh1tPQN50hw5Fe9mbif143xeDKy0SUpAgRXywKUkkxprMg6EAo4CinhjCuhLmV8hFTjKOJq2JCcJdfXiXt87rr1N27i1rjuoijTI7JCTkjLrkkDXJLmqRFOJmQZ/JK3qzcerHerY9Fa8kqZo7IH1ifPwjZlG8=</latexit><latexit sha1_base64="dkDVO4u+P0UBgTAGW1l3zwmpb2o=">AAAB+3icbVBNS8NAEN3Ur1q/Yj16WSyCp5KIoMeiF48VbCu0oWy2k3bp5sPdibSE/BUvHhTx6h/x5r9x2+agrQ8GHu/NMDPPT6TQ6DjfVmltfWNzq7xd2dnd2z+wD6ttHaeKQ4vHMlYPPtMgRQQtFCjhIVHAQl9Cxx/fzPzOEygt4ugepwl4IRtGIhCcoZH6dpX2JDzSHsIEMx0yKfO+XXPqzhx0lbgFqZECzb791RvEPA0hQi6Z1l3XSdDLmELBJeSVXqohYXzMhtA1NGIhaC+b357TU6MMaBArUxHSufp7ImOh1tPQN50hw5Fe9mbif143xeDKy0SUpAgRXywKUkkxprMg6EAo4CinhjCuhLmV8hFTjKOJq2JCcJdfXiXt87rr1N27i1rjuoijTI7JCTkjLrkkDXJLmqRFOJmQZ/JK3qzcerHerY9Fa8kqZo7IH1ifPwjZlG8=</latexit><latexit sha1_base64="dkDVO4u+P0UBgTAGW1l3zwmpb2o=">AAAB+3icbVBNS8NAEN3Ur1q/Yj16WSyCp5KIoMeiF48VbCu0oWy2k3bp5sPdibSE/BUvHhTx6h/x5r9x2+agrQ8GHu/NMDPPT6TQ6DjfVmltfWNzq7xd2dnd2z+wD6ttHaeKQ4vHMlYPPtMgRQQtFCjhIVHAQl9Cxx/fzPzOEygt4ugepwl4IRtGIhCcoZH6dpX2JDzSHsIEMx0yKfO+XXPqzhx0lbgFqZECzb791RvEPA0hQi6Z1l3XSdDLmELBJeSVXqohYXzMhtA1NGIhaC+b357TU6MMaBArUxHSufp7ImOh1tPQN50hw5Fe9mbif143xeDKy0SUpAgRXywKUkkxprMg6EAo4CinhjCuhLmV8hFTjKOJq2JCcJdfXiXt87rr1N27i1rjuoijTI7JCTkjLrkkDXJLmqRFOJmQZ/JK3qzcerHerY9Fa8kqZo7IH1ifPwjZlG8=</latexit>

|Pr[A(PK,Enc(PK,M1)) = 1]� Pr[A(PK,Enc(PK,M2)) = 1]|
<latexit sha1_base64="g7hZhCGMuMe0Z7jOPiLPGJ7SnOA=">AAACLXicbVDLSgMxFM34rPVVdekmWIQWtMyIoBuhvkAQYQRrC+1QMmmmDWYyQ3JHKG1/yI2/IoKLirj1N0ynXaj1wOUezrmX5B4/FlyDbQ+tmdm5+YXFzFJ2eWV1bT23sXmvo0RRVqGRiFTNJ5oJLlkFOAhWixUjoS9Y1X84H/nVR6Y0j+QddGPmhaQtecApASM1cxcNwQLoY1fVTwvu9R6+lDTtN02nWDxxPLz/n3cw9hqKtzvQb+bydslOgaeJMyF5NIHbzL02WhFNQiaBCqJ13bFj8HpEAaeCDbKNRLOY0AfSZnVDJQmZ9nrptQO8a5QWDiJlSgJO1Z8bPRJq3Q19MxkS6Oi/3kj8z6snEBx7PS7jBJik44eCRGCI8Cg63OKKURBdQwhV3PwV0w5RhIIJOGtCcP6ePE3uD0qOXXJuD/Pls0kcGbSNdlABOegIldEVclEFUfSEXtAQvVvP1pv1YX2OR2esyc4W+gXr6xsczqKS</latexit><latexit sha1_base64="g7hZhCGMuMe0Z7jOPiLPGJ7SnOA=">AAACLXicbVDLSgMxFM34rPVVdekmWIQWtMyIoBuhvkAQYQRrC+1QMmmmDWYyQ3JHKG1/yI2/IoKLirj1N0ynXaj1wOUezrmX5B4/FlyDbQ+tmdm5+YXFzFJ2eWV1bT23sXmvo0RRVqGRiFTNJ5oJLlkFOAhWixUjoS9Y1X84H/nVR6Y0j+QddGPmhaQtecApASM1cxcNwQLoY1fVTwvu9R6+lDTtN02nWDxxPLz/n3cw9hqKtzvQb+bydslOgaeJMyF5NIHbzL02WhFNQiaBCqJ13bFj8HpEAaeCDbKNRLOY0AfSZnVDJQmZ9nrptQO8a5QWDiJlSgJO1Z8bPRJq3Q19MxkS6Oi/3kj8z6snEBx7PS7jBJik44eCRGCI8Cg63OKKURBdQwhV3PwV0w5RhIIJOGtCcP6ePE3uD0qOXXJuD/Pls0kcGbSNdlABOegIldEVclEFUfSEXtAQvVvP1pv1YX2OR2esyc4W+gXr6xsczqKS</latexit><latexit sha1_base64="g7hZhCGMuMe0Z7jOPiLPGJ7SnOA=">AAACLXicbVDLSgMxFM34rPVVdekmWIQWtMyIoBuhvkAQYQRrC+1QMmmmDWYyQ3JHKG1/yI2/IoKLirj1N0ynXaj1wOUezrmX5B4/FlyDbQ+tmdm5+YXFzFJ2eWV1bT23sXmvo0RRVqGRiFTNJ5oJLlkFOAhWixUjoS9Y1X84H/nVR6Y0j+QddGPmhaQtecApASM1cxcNwQLoY1fVTwvu9R6+lDTtN02nWDxxPLz/n3cw9hqKtzvQb+bydslOgaeJMyF5NIHbzL02WhFNQiaBCqJ13bFj8HpEAaeCDbKNRLOY0AfSZnVDJQmZ9nrptQO8a5QWDiJlSgJO1Z8bPRJq3Q19MxkS6Oi/3kj8z6snEBx7PS7jBJik44eCRGCI8Cg63OKKURBdQwhV3PwV0w5RhIIJOGtCcP6ePE3uD0qOXXJuD/Pls0kcGbSNdlABOegIldEVclEFUfSEXtAQvVvP1pv1YX2OR2esyc4W+gXr6xsczqKS</latexit><latexit sha1_base64="g7hZhCGMuMe0Z7jOPiLPGJ7SnOA=">AAACLXicbVDLSgMxFM34rPVVdekmWIQWtMyIoBuhvkAQYQRrC+1QMmmmDWYyQ3JHKG1/yI2/IoKLirj1N0ynXaj1wOUezrmX5B4/FlyDbQ+tmdm5+YXFzFJ2eWV1bT23sXmvo0RRVqGRiFTNJ5oJLlkFOAhWixUjoS9Y1X84H/nVR6Y0j+QddGPmhaQtecApASM1cxcNwQLoY1fVTwvu9R6+lDTtN02nWDxxPLz/n3cw9hqKtzvQb+bydslOgaeJMyF5NIHbzL02WhFNQiaBCqJ13bFj8HpEAaeCDbKNRLOY0AfSZnVDJQmZ9nrptQO8a5QWDiJlSgJO1Z8bPRJq3Q19MxkS6Oi/3kj8z6snEBx7PS7jBJik44eCRGCI8Cg63OKKURBdQwhV3PwV0w5RhIIJOGtCcP6ePE3uD0qOXXJuD/Pls0kcGbSNdlABOegIldEVclEFUfSEXtAQvVvP1pv1YX2OR2esyc4W+gXr6xsczqKS</latexit>



More about public-key cryptography

computable in (classical) polynomial timeKeyGen,Enc,Dec
<latexit sha1_base64="HTKNOmZxCC0U3pd55r4GTkf3M6Y=">AAAB+XicbVDLSsNAFJ3UV62vqEs3g0VwUUoigi6LDxTcVLAPaEOZTG/aoZNJmJkUQuifuHGhiFv/xJ1/47TNQlsPXDiccy/33uPHnCntON9WYWV1bX2juFna2t7Z3bP3D5oqSiSFBo14JNs+UcCZgIZmmkM7lkBCn0PLH11P/dYYpGKReNJpDF5IBoIFjBJtpJ5tP0B6B6KCbwWt4BugPbvsVJ0Z8DJxc1JGOeo9+6vbj2gSgtCUE6U6rhNrLyNSM8phUuomCmJCR2QAHUMFCUF52ezyCT4xSh8HkTQlNJ6pvycyEiqVhr7pDIkeqkVvKv7ndRIdXHoZE3GiQdD5oiDhWEd4GgPuMwlU89QQQiUzt2I6JJJQbcIqmRDcxZeXSfOs6jpV9/G8XLvK4yiiI3SMTpGLLlAN3aM6aiCKxugZvaI3K7NerHfrY95asPKZQ/QH1ucPiVuSSA==</latexit><latexit sha1_base64="HTKNOmZxCC0U3pd55r4GTkf3M6Y=">AAAB+XicbVDLSsNAFJ3UV62vqEs3g0VwUUoigi6LDxTcVLAPaEOZTG/aoZNJmJkUQuifuHGhiFv/xJ1/47TNQlsPXDiccy/33uPHnCntON9WYWV1bX2juFna2t7Z3bP3D5oqSiSFBo14JNs+UcCZgIZmmkM7lkBCn0PLH11P/dYYpGKReNJpDF5IBoIFjBJtpJ5tP0B6B6KCbwWt4BugPbvsVJ0Z8DJxc1JGOeo9+6vbj2gSgtCUE6U6rhNrLyNSM8phUuomCmJCR2QAHUMFCUF52ezyCT4xSh8HkTQlNJ6pvycyEiqVhr7pDIkeqkVvKv7ndRIdXHoZE3GiQdD5oiDhWEd4GgPuMwlU89QQQiUzt2I6JJJQbcIqmRDcxZeXSfOs6jpV9/G8XLvK4yiiI3SMTpGLLlAN3aM6aiCKxugZvaI3K7NerHfrY95asPKZQ/QH1ucPiVuSSA==</latexit><latexit sha1_base64="HTKNOmZxCC0U3pd55r4GTkf3M6Y=">AAAB+XicbVDLSsNAFJ3UV62vqEs3g0VwUUoigi6LDxTcVLAPaEOZTG/aoZNJmJkUQuifuHGhiFv/xJ1/47TNQlsPXDiccy/33uPHnCntON9WYWV1bX2juFna2t7Z3bP3D5oqSiSFBo14JNs+UcCZgIZmmkM7lkBCn0PLH11P/dYYpGKReNJpDF5IBoIFjBJtpJ5tP0B6B6KCbwWt4BugPbvsVJ0Z8DJxc1JGOeo9+6vbj2gSgtCUE6U6rhNrLyNSM8phUuomCmJCR2QAHUMFCUF52ezyCT4xSh8HkTQlNJ6pvycyEiqVhr7pDIkeqkVvKv7ndRIdXHoZE3GiQdD5oiDhWEd4GgPuMwlU89QQQiUzt2I6JJJQbcIqmRDcxZeXSfOs6jpV9/G8XLvK4yiiI3SMTpGLLlAN3aM6aiCKxugZvaI3K7NerHfrY95asPKZQ/QH1ucPiVuSSA==</latexit><latexit sha1_base64="HTKNOmZxCC0U3pd55r4GTkf3M6Y=">AAAB+XicbVDLSsNAFJ3UV62vqEs3g0VwUUoigi6LDxTcVLAPaEOZTG/aoZNJmJkUQuifuHGhiFv/xJ1/47TNQlsPXDiccy/33uPHnCntON9WYWV1bX2juFna2t7Z3bP3D5oqSiSFBo14JNs+UcCZgIZmmkM7lkBCn0PLH11P/dYYpGKReNJpDF5IBoIFjBJtpJ5tP0B6B6KCbwWt4BugPbvsVJ0Z8DJxc1JGOeo9+6vbj2gSgtCUE6U6rhNrLyNSM8phUuomCmJCR2QAHUMFCUF52ezyCT4xSh8HkTQlNJ6pvycyEiqVhr7pDIkeqkVvKv7ndRIdXHoZE3GiQdD5oiDhWEd4GgPuMwlU89QQQiUzt2I6JJJQbcIqmRDcxZeXSfOs6jpV9/G8XLvK4yiiI3SMTpGLLlAN3aM6aiCKxugZvaI3K7NerHfrY95asPKZQ/QH1ucPiVuSSA==</latexit>

8(PK,SK) 2 Range(KeyGen),
<latexit sha1_base64="o246nsZK225mif+4atC+EL03vC8=">AAACDXicbVDJSgNBEO2JW4zbqEcvjVFIIIQZEfQY9KCQS1yyQGYIPZ1K0qSnZ+juEULID3jxV7x4UMSrd2/+jZ3loIkPCh7vVVFVL4g5U9pxvq3U0vLK6lp6PbOxubW9Y+/u1VSUSApVGvFINgKigDMBVc00h0YsgYQBh3rQvxz79QeQikXiXg9i8EPSFazDKNFGatlHXieShHOcq5QL+K6cxx4T+JaILuTKMLgCkS/glp11is4EeJG4M5JFM1Ra9pfXjmgSgtCUE6WarhNrf0ikZpTDKOMlCmJC+6QLTUMFCUH5w8k3I3xslDY2Z5kSGk/U3xNDEio1CAPTGRLdU/PeWPzPaya6c+4PmYgTDYJOF3USjnWEx9HgNpNANR8YQqhk5lZMe0QSqk2AGROCO//yIqmdFF2n6N6cZksXszjS6AAdohxy0RkqoWtUQVVE0SN6Rq/ozXqyXqx362PamrJmM/voD6zPH0qfmSU=</latexit><latexit sha1_base64="o246nsZK225mif+4atC+EL03vC8=">AAACDXicbVDJSgNBEO2JW4zbqEcvjVFIIIQZEfQY9KCQS1yyQGYIPZ1K0qSnZ+juEULID3jxV7x4UMSrd2/+jZ3loIkPCh7vVVFVL4g5U9pxvq3U0vLK6lp6PbOxubW9Y+/u1VSUSApVGvFINgKigDMBVc00h0YsgYQBh3rQvxz79QeQikXiXg9i8EPSFazDKNFGatlHXieShHOcq5QL+K6cxx4T+JaILuTKMLgCkS/glp11is4EeJG4M5JFM1Ra9pfXjmgSgtCUE6WarhNrf0ikZpTDKOMlCmJC+6QLTUMFCUH5w8k3I3xslDY2Z5kSGk/U3xNDEio1CAPTGRLdU/PeWPzPaya6c+4PmYgTDYJOF3USjnWEx9HgNpNANR8YQqhk5lZMe0QSqk2AGROCO//yIqmdFF2n6N6cZksXszjS6AAdohxy0RkqoWtUQVVE0SN6Rq/ozXqyXqx362PamrJmM/voD6zPH0qfmSU=</latexit><latexit sha1_base64="o246nsZK225mif+4atC+EL03vC8=">AAACDXicbVDJSgNBEO2JW4zbqEcvjVFIIIQZEfQY9KCQS1yyQGYIPZ1K0qSnZ+juEULID3jxV7x4UMSrd2/+jZ3loIkPCh7vVVFVL4g5U9pxvq3U0vLK6lp6PbOxubW9Y+/u1VSUSApVGvFINgKigDMBVc00h0YsgYQBh3rQvxz79QeQikXiXg9i8EPSFazDKNFGatlHXieShHOcq5QL+K6cxx4T+JaILuTKMLgCkS/glp11is4EeJG4M5JFM1Ra9pfXjmgSgtCUE6WarhNrf0ikZpTDKOMlCmJC+6QLTUMFCUH5w8k3I3xslDY2Z5kSGk/U3xNDEio1CAPTGRLdU/PeWPzPaya6c+4PmYgTDYJOF3USjnWEx9HgNpNANR8YQqhk5lZMe0QSqk2AGROCO//yIqmdFF2n6N6cZksXszjS6AAdohxy0RkqoWtUQVVE0SN6Rq/ozXqyXqx362PamrJmM/voD6zPH0qfmSU=</latexit><latexit sha1_base64="o246nsZK225mif+4atC+EL03vC8=">AAACDXicbVDJSgNBEO2JW4zbqEcvjVFIIIQZEfQY9KCQS1yyQGYIPZ1K0qSnZ+juEULID3jxV7x4UMSrd2/+jZ3loIkPCh7vVVFVL4g5U9pxvq3U0vLK6lp6PbOxubW9Y+/u1VSUSApVGvFINgKigDMBVc00h0YsgYQBh3rQvxz79QeQikXiXg9i8EPSFazDKNFGatlHXieShHOcq5QL+K6cxx4T+JaILuTKMLgCkS/glp11is4EeJG4M5JFM1Ra9pfXjmgSgtCUE6WarhNrf0ikZpTDKOMlCmJC+6QLTUMFCUH5w8k3I3xslDY2Z5kSGk/U3xNDEio1CAPTGRLdU/PeWPzPaya6c+4PmYgTDYJOF3USjnWEx9HgNpNANR8YQqhk5lZMe0QSqk2AGROCO//yIqmdFF2n6N6cZksXszjS6AAdohxy0RkqoWtUQVVE0SN6Rq/ozXqyXqx362PamrJmM/voD6zPH0qfmSU=</latexit>

8M 2 M, Dec(SK,Enc(PK,M)) = M
<latexit sha1_base64="DroLZbTVdZGikXz9S4gfBBr22p0="></latexit><latexit sha1_base64="DroLZbTVdZGikXz9S4gfBBr22p0="></latexit><latexit sha1_base64="DroLZbTVdZGikXz9S4gfBBr22p0="></latexit><latexit sha1_base64="DroLZbTVdZGikXz9S4gfBBr22p0="></latexit>

Denote as PPM the set of probabilistic  
poly-time machines/algorithms

Given any two messages        andM1
<latexit sha1_base64="MGvmM5xMPD4/J5iXoaa4R8gsR3k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiFy9CRfsBbSib7aZdutmE3YlQQn+CFw+KePUXefPfuG1z0NYHA4/3ZpiZFyRSGHTdb6ewtr6xuVXcLu3s7u0flA+PWiZONeNNFstYdwJquBSKN1Gg5J1EcxoFkreD8c3Mbz9xbUSsHnGScD+iQyVCwSha6eGu7/XLFbfqzkFWiZeTCuRo9MtfvUHM0ogrZJIa0/XcBP2MahRM8mmplxqeUDamQ961VNGIGz+bnzolZ1YZkDDWthSSufp7IqORMZMosJ0RxZFZ9mbif143xfDKz4RKUuSKLRaFqSQYk9nfZCA0ZygnllCmhb2VsBHVlKFNp2RD8JZfXiWti6rnVr37y0r9Oo+jCCdwCufgQQ3qcAsNaAKDITzDK7w50nlx3p2PRWvByWeO4Q+czx/KH411</latexit><latexit sha1_base64="MGvmM5xMPD4/J5iXoaa4R8gsR3k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiFy9CRfsBbSib7aZdutmE3YlQQn+CFw+KePUXefPfuG1z0NYHA4/3ZpiZFyRSGHTdb6ewtr6xuVXcLu3s7u0flA+PWiZONeNNFstYdwJquBSKN1Gg5J1EcxoFkreD8c3Mbz9xbUSsHnGScD+iQyVCwSha6eGu7/XLFbfqzkFWiZeTCuRo9MtfvUHM0ogrZJIa0/XcBP2MahRM8mmplxqeUDamQ961VNGIGz+bnzolZ1YZkDDWthSSufp7IqORMZMosJ0RxZFZ9mbif143xfDKz4RKUuSKLRaFqSQYk9nfZCA0ZygnllCmhb2VsBHVlKFNp2RD8JZfXiWti6rnVr37y0r9Oo+jCCdwCufgQQ3qcAsNaAKDITzDK7w50nlx3p2PRWvByWeO4Q+czx/KH411</latexit><latexit sha1_base64="MGvmM5xMPD4/J5iXoaa4R8gsR3k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiFy9CRfsBbSib7aZdutmE3YlQQn+CFw+KePUXefPfuG1z0NYHA4/3ZpiZFyRSGHTdb6ewtr6xuVXcLu3s7u0flA+PWiZONeNNFstYdwJquBSKN1Gg5J1EcxoFkreD8c3Mbz9xbUSsHnGScD+iQyVCwSha6eGu7/XLFbfqzkFWiZeTCuRo9MtfvUHM0ogrZJIa0/XcBP2MahRM8mmplxqeUDamQ961VNGIGz+bnzolZ1YZkDDWthSSufp7IqORMZMosJ0RxZFZ9mbif143xfDKz4RKUuSKLRaFqSQYk9nfZCA0ZygnllCmhb2VsBHVlKFNp2RD8JZfXiWti6rnVr37y0r9Oo+jCCdwCufgQQ3qcAsNaAKDITzDK7w50nlx3p2PRWvByWeO4Q+czx/KH411</latexit><latexit sha1_base64="MGvmM5xMPD4/J5iXoaa4R8gsR3k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiFy9CRfsBbSib7aZdutmE3YlQQn+CFw+KePUXefPfuG1z0NYHA4/3ZpiZFyRSGHTdb6ewtr6xuVXcLu3s7u0flA+PWiZONeNNFstYdwJquBSKN1Gg5J1EcxoFkreD8c3Mbz9xbUSsHnGScD+iQyVCwSha6eGu7/XLFbfqzkFWiZeTCuRo9MtfvUHM0ogrZJIa0/XcBP2MahRM8mmplxqeUDamQ961VNGIGz+bnzolZ1YZkDDWthSSufp7IqORMZMosJ0RxZFZ9mbif143xfDKz4RKUuSKLRaFqSQYk9nfZCA0ZygnllCmhb2VsBHVlKFNp2RD8JZfXiWti6rnVr37y0r9Oo+jCCdwCufgQQ3qcAsNaAKDITzDK7w50nlx3p2PRWvByWeO4Q+czx/KH411</latexit>

M2
<latexit sha1_base64="YBKkM/usJGsWPS4Y3bENK9gGaLI=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeiFy9CRfsBbSib7aRdutmE3Y1QQn+CFw+KePUXefPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvpn57SdUmsfy0UwS9CM6lDzkjBorPdz1a/1yxa26c5BV4uWkAjka/fJXbxCzNEJpmKBadz03MX5GleFM4LTUSzUmlI3pELuWShqh9rP5qVNyZpUBCWNlSxoyV39PZDTSehIFtjOiZqSXvZn4n9dNTXjlZ1wmqUHJFovCVBATk9nfZMAVMiMmllCmuL2VsBFVlBmbTsmG4C2/vEpatarnVr37i0r9Oo+jCCdwCufgwSXU4RYa0AQGQ3iGV3hzhPPivDsfi9aCk88cwx84nz/Lo412</latexit><latexit sha1_base64="YBKkM/usJGsWPS4Y3bENK9gGaLI=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeiFy9CRfsBbSib7aRdutmE3Y1QQn+CFw+KePUXefPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvpn57SdUmsfy0UwS9CM6lDzkjBorPdz1a/1yxa26c5BV4uWkAjka/fJXbxCzNEJpmKBadz03MX5GleFM4LTUSzUmlI3pELuWShqh9rP5qVNyZpUBCWNlSxoyV39PZDTSehIFtjOiZqSXvZn4n9dNTXjlZ1wmqUHJFovCVBATk9nfZMAVMiMmllCmuL2VsBFVlBmbTsmG4C2/vEpatarnVr37i0r9Oo+jCCdwCufgwSXU4RYa0AQGQ3iGV3hzhPPivDsfi9aCk88cwx84nz/Lo412</latexit><latexit sha1_base64="YBKkM/usJGsWPS4Y3bENK9gGaLI=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeiFy9CRfsBbSib7aRdutmE3Y1QQn+CFw+KePUXefPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvpn57SdUmsfy0UwS9CM6lDzkjBorPdz1a/1yxa26c5BV4uWkAjka/fJXbxCzNEJpmKBadz03MX5GleFM4LTUSzUmlI3pELuWShqh9rP5qVNyZpUBCWNlSxoyV39PZDTSehIFtjOiZqSXvZn4n9dNTXjlZ1wmqUHJFovCVBATk9nfZMAVMiMmllCmuL2VsBFVlBmbTsmG4C2/vEpatarnVr37i0r9Oo+jCCdwCufgwSXU4RYa0AQGQ3iGV3hzhPPivDsfi9aCk88cwx84nz/Lo412</latexit><latexit sha1_base64="YBKkM/usJGsWPS4Y3bENK9gGaLI=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeiFy9CRfsBbSib7aRdutmE3Y1QQn+CFw+KePUXefPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvpn57SdUmsfy0UwS9CM6lDzkjBorPdz1a/1yxa26c5BV4uWkAjka/fJXbxCzNEJpmKBadz03MX5GleFM4LTUSzUmlI3pELuWShqh9rP5qVNyZpUBCWNlSxoyV39PZDTSehIFtjOiZqSXvZn4n9dNTXjlZ1wmqUHJFovCVBATk9nfZMAVMiMmllCmuL2VsBFVlBmbTsmG4C2/vEpatarnVr37i0r9Oo+jCCdwCufgwSXU4RYa0AQGQ3iGV3hzhPPivDsfi9aCk88cwx84nz/Lo412</latexit>

it must be that

8A 2 PPM
<latexit sha1_base64="WJvGhTVEYBTttpkg4XCYdezA/WM=">AAAB+3icbVDLSsNAFL2pr1pfsS7dDBbBVUlEqMuqGzdCBPuAJpTJdNIOnUzCzEQsob/ixoUibv0Rd/6N0zYLbT0wcDjnXu6ZE6acKe0431ZpbX1jc6u8XdnZ3ds/sA+rbZVkktAWSXgiuyFWlDNBW5ppTruppDgOOe2E45uZ33mkUrFEPOhJSoMYDwWLGMHaSH276keJxJyjK+QzgTzvDvXtmlN35kCrxC1IDQp4ffvLHyQki6nQhGOleq6T6iDHUjPC6bTiZ4qmmIzxkPYMFTimKsjn2afo1CgDZEKYJzSaq783chwrNYlDMxljPVLL3kz8z+tlOroMcibSTFNBFoeijCOdoFkRaMAkJZpPDMFEMpMVkRGWmGhTV8WU4C5/eZW0z+uuU3fvL2rN66KOMhzDCZyBCw1owi140AICT/AMr/BmTa0X6936WIyWrGLnCP7A+vwBBaeTHA==</latexit><latexit sha1_base64="WJvGhTVEYBTttpkg4XCYdezA/WM=">AAAB+3icbVDLSsNAFL2pr1pfsS7dDBbBVUlEqMuqGzdCBPuAJpTJdNIOnUzCzEQsob/ixoUibv0Rd/6N0zYLbT0wcDjnXu6ZE6acKe0431ZpbX1jc6u8XdnZ3ds/sA+rbZVkktAWSXgiuyFWlDNBW5ppTruppDgOOe2E45uZ33mkUrFEPOhJSoMYDwWLGMHaSH276keJxJyjK+QzgTzvDvXtmlN35kCrxC1IDQp4ffvLHyQki6nQhGOleq6T6iDHUjPC6bTiZ4qmmIzxkPYMFTimKsjn2afo1CgDZEKYJzSaq783chwrNYlDMxljPVLL3kz8z+tlOroMcibSTFNBFoeijCOdoFkRaMAkJZpPDMFEMpMVkRGWmGhTV8WU4C5/eZW0z+uuU3fvL2rN66KOMhzDCZyBCw1owi140AICT/AMr/BmTa0X6936WIyWrGLnCP7A+vwBBaeTHA==</latexit><latexit sha1_base64="WJvGhTVEYBTttpkg4XCYdezA/WM=">AAAB+3icbVDLSsNAFL2pr1pfsS7dDBbBVUlEqMuqGzdCBPuAJpTJdNIOnUzCzEQsob/ixoUibv0Rd/6N0zYLbT0wcDjnXu6ZE6acKe0431ZpbX1jc6u8XdnZ3ds/sA+rbZVkktAWSXgiuyFWlDNBW5ppTruppDgOOe2E45uZ33mkUrFEPOhJSoMYDwWLGMHaSH276keJxJyjK+QzgTzvDvXtmlN35kCrxC1IDQp4ffvLHyQki6nQhGOleq6T6iDHUjPC6bTiZ4qmmIzxkPYMFTimKsjn2afo1CgDZEKYJzSaq783chwrNYlDMxljPVLL3kz8z+tlOroMcibSTFNBFoeijCOdoFkRaMAkJZpPDMFEMpMVkRGWmGhTV8WU4C5/eZW0z+uuU3fvL2rN66KOMhzDCZyBCw1owi140AICT/AMr/BmTa0X6936WIyWrGLnCP7A+vwBBaeTHA==</latexit><latexit sha1_base64="WJvGhTVEYBTttpkg4XCYdezA/WM=">AAAB+3icbVDLSsNAFL2pr1pfsS7dDBbBVUlEqMuqGzdCBPuAJpTJdNIOnUzCzEQsob/ixoUibv0Rd/6N0zYLbT0wcDjnXu6ZE6acKe0431ZpbX1jc6u8XdnZ3ds/sA+rbZVkktAWSXgiuyFWlDNBW5ppTruppDgOOe2E45uZ33mkUrFEPOhJSoMYDwWLGMHaSH276keJxJyjK+QzgTzvDvXtmlN35kCrxC1IDQp4ffvLHyQki6nQhGOleq6T6iDHUjPC6bTiZ4qmmIzxkPYMFTimKsjn2afo1CgDZEKYJzSaq783chwrNYlDMxljPVLL3kz8z+tlOroMcibSTFNBFoeijCOdoFkRaMAkJZpPDMFEMpMVkRGWmGhTV8WU4C5/eZW0z+uuU3fvL2rN66KOMhzDCZyBCw1owi140AICT/AMr/BmTa0X6936WIyWrGLnCP7A+vwBBaeTHA==</latexit>

Computational (semantic) security

Pr[A(PK,Enc(PK,M1)) = 1] ⇡ Pr[A(PK,Enc(PK,M2)) = 1]
<latexit sha1_base64="9TrEEWn7Lr2DnkGUvY7efItFe78=">AAACKHicbVBLSwMxGMzWV62vVY9egkVoQcpuEfQiVkUQRKhgH9AuJZumbWg2G5KsWEp/jhf/ihcRRXr1l5hu96BtB0KGmflIvvEFo0o7zthKLS2vrK6l1zMbm1vbO/buXlWFkcSkgkMWyrqPFGGUk4qmmpG6kAQFPiM1v3898WtPRCoa8kc9EMQLUJfTDsVIG6llX5Rl4zJXvjuGNxzH933LzefhOXQ92ERCyPAZLsgUk0zLzjoFJwacJ25CsiBBuWV/NNshjgLCNWZIqYbrCO0NkdQUMzLKNCNFBMJ91CUNQzkKiPKG8aIjeGSUNuyE0hyuYaz+nRiiQKlB4JtkgHRPzXoTcZHXiHTnzBtSLiJNOJ4+1IkY1CGctAbbVBKs2cAQhCU1f4W4hyTC2nSbMSW4syvPk2qx4DoF9+EkW7pK6kiDA3AIcsAFp6AEbkEZVAAGL+ANfIIv69V6t76t8TSaspKZffAP1s8vPsaf8A==</latexit><latexit sha1_base64="9TrEEWn7Lr2DnkGUvY7efItFe78=">AAACKHicbVBLSwMxGMzWV62vVY9egkVoQcpuEfQiVkUQRKhgH9AuJZumbWg2G5KsWEp/jhf/ihcRRXr1l5hu96BtB0KGmflIvvEFo0o7zthKLS2vrK6l1zMbm1vbO/buXlWFkcSkgkMWyrqPFGGUk4qmmpG6kAQFPiM1v3898WtPRCoa8kc9EMQLUJfTDsVIG6llX5Rl4zJXvjuGNxzH933LzefhOXQ92ERCyPAZLsgUk0zLzjoFJwacJ25CsiBBuWV/NNshjgLCNWZIqYbrCO0NkdQUMzLKNCNFBMJ91CUNQzkKiPKG8aIjeGSUNuyE0hyuYaz+nRiiQKlB4JtkgHRPzXoTcZHXiHTnzBtSLiJNOJ4+1IkY1CGctAbbVBKs2cAQhCU1f4W4hyTC2nSbMSW4syvPk2qx4DoF9+EkW7pK6kiDA3AIcsAFp6AEbkEZVAAGL+ANfIIv69V6t76t8TSaspKZffAP1s8vPsaf8A==</latexit><latexit sha1_base64="9TrEEWn7Lr2DnkGUvY7efItFe78=">AAACKHicbVBLSwMxGMzWV62vVY9egkVoQcpuEfQiVkUQRKhgH9AuJZumbWg2G5KsWEp/jhf/ihcRRXr1l5hu96BtB0KGmflIvvEFo0o7zthKLS2vrK6l1zMbm1vbO/buXlWFkcSkgkMWyrqPFGGUk4qmmpG6kAQFPiM1v3898WtPRCoa8kc9EMQLUJfTDsVIG6llX5Rl4zJXvjuGNxzH933LzefhOXQ92ERCyPAZLsgUk0zLzjoFJwacJ25CsiBBuWV/NNshjgLCNWZIqYbrCO0NkdQUMzLKNCNFBMJ91CUNQzkKiPKG8aIjeGSUNuyE0hyuYaz+nRiiQKlB4JtkgHRPzXoTcZHXiHTnzBtSLiJNOJ4+1IkY1CGctAbbVBKs2cAQhCU1f4W4hyTC2nSbMSW4syvPk2qx4DoF9+EkW7pK6kiDA3AIcsAFp6AEbkEZVAAGL+ANfIIv69V6t76t8TSaspKZffAP1s8vPsaf8A==</latexit><latexit sha1_base64="9TrEEWn7Lr2DnkGUvY7efItFe78=">AAACKHicbVBLSwMxGMzWV62vVY9egkVoQcpuEfQiVkUQRKhgH9AuJZumbWg2G5KsWEp/jhf/ihcRRXr1l5hu96BtB0KGmflIvvEFo0o7zthKLS2vrK6l1zMbm1vbO/buXlWFkcSkgkMWyrqPFGGUk4qmmpG6kAQFPiM1v3898WtPRCoa8kc9EMQLUJfTDsVIG6llX5Rl4zJXvjuGNxzH933LzefhOXQ92ERCyPAZLsgUk0zLzjoFJwacJ25CsiBBuWV/NNshjgLCNWZIqYbrCO0NkdQUMzLKNCNFBMJ91CUNQzkKiPKG8aIjeGSUNuyE0hyuYaz+nRiiQKlB4JtkgHRPzXoTcZHXiHTnzBtSLiJNOJ4+1IkY1CGctAbbVBKs2cAQhCU1f4W4hyTC2nSbMSW4syvPk2qx4DoF9+EkW7pK6kiDA3AIcsAFp6AEbkEZVAAGL+ANfIIv69V6t76t8TSaspKZffAP1s8vPsaf8A==</latexit>



More about public-key cryptography

These properties can be achieved with  
trapdoor one-way functions

One-way function
f : X ! Y

<latexit sha1_base64="ypePldJ9Rvmb5LRLhU8GG8Eromk=">AAACEHicbVDLSsNAFJ3UV62vqEs3g0V0VRIRFFdFNy4r2Ic0oUymk3boZCbMTJQS8glu/BU3LhRx69Kdf+OkDaitBy4czrmXe+8JYkaVdpwvq7SwuLS8Ul6trK1vbG7Z2zstJRKJSRMLJmQnQIowyklTU81IJ5YERQEj7WB0mfvtOyIVFfxGj2PiR2jAaUgx0kbq2YchPIdehPQQI5Z2MuhJOhhqJKW4/9Fvs55ddWrOBHCeuAWpggKNnv3p9QVOIsI1ZkipruvE2k+R1BQzklW8RJEY4REakK6hHEVE+enkoQweGKUPQyFNcQ0n6u+JFEVKjaPAdOYnqlkvF//zuokOz/yU8jjRhOPpojBhUAuYpwP7VBKs2dgQhCU1t0I8RBJhbTKsmBDc2ZfnSeu45jo19/qkWr8o4iiDPbAPjoALTkEdXIEGaAIMHsATeAGv1qP1bL1Z79PWklXM7II/sD6+Aa3gnQM=</latexit><latexit sha1_base64="ypePldJ9Rvmb5LRLhU8GG8Eromk=">AAACEHicbVDLSsNAFJ3UV62vqEs3g0V0VRIRFFdFNy4r2Ic0oUymk3boZCbMTJQS8glu/BU3LhRx69Kdf+OkDaitBy4czrmXe+8JYkaVdpwvq7SwuLS8Ul6trK1vbG7Z2zstJRKJSRMLJmQnQIowyklTU81IJ5YERQEj7WB0mfvtOyIVFfxGj2PiR2jAaUgx0kbq2YchPIdehPQQI5Z2MuhJOhhqJKW4/9Fvs55ddWrOBHCeuAWpggKNnv3p9QVOIsI1ZkipruvE2k+R1BQzklW8RJEY4REakK6hHEVE+enkoQweGKUPQyFNcQ0n6u+JFEVKjaPAdOYnqlkvF//zuokOz/yU8jjRhOPpojBhUAuYpwP7VBKs2dgQhCU1t0I8RBJhbTKsmBDc2ZfnSeu45jo19/qkWr8o4iiDPbAPjoALTkEdXIEGaAIMHsATeAGv1qP1bL1Z79PWklXM7II/sD6+Aa3gnQM=</latexit><latexit sha1_base64="ypePldJ9Rvmb5LRLhU8GG8Eromk=">AAACEHicbVDLSsNAFJ3UV62vqEs3g0V0VRIRFFdFNy4r2Ic0oUymk3boZCbMTJQS8glu/BU3LhRx69Kdf+OkDaitBy4czrmXe+8JYkaVdpwvq7SwuLS8Ul6trK1vbG7Z2zstJRKJSRMLJmQnQIowyklTU81IJ5YERQEj7WB0mfvtOyIVFfxGj2PiR2jAaUgx0kbq2YchPIdehPQQI5Z2MuhJOhhqJKW4/9Fvs55ddWrOBHCeuAWpggKNnv3p9QVOIsI1ZkipruvE2k+R1BQzklW8RJEY4REakK6hHEVE+enkoQweGKUPQyFNcQ0n6u+JFEVKjaPAdOYnqlkvF//zuokOz/yU8jjRhOPpojBhUAuYpwP7VBKs2dgQhCU1t0I8RBJhbTKsmBDc2ZfnSeu45jo19/qkWr8o4iiDPbAPjoALTkEdXIEGaAIMHsATeAGv1qP1bL1Z79PWklXM7II/sD6+Aa3gnQM=</latexit><latexit sha1_base64="ypePldJ9Rvmb5LRLhU8GG8Eromk=">AAACEHicbVDLSsNAFJ3UV62vqEs3g0V0VRIRFFdFNy4r2Ic0oUymk3boZCbMTJQS8glu/BU3LhRx69Kdf+OkDaitBy4czrmXe+8JYkaVdpwvq7SwuLS8Ul6trK1vbG7Z2zstJRKJSRMLJmQnQIowyklTU81IJ5YERQEj7WB0mfvtOyIVFfxGj2PiR2jAaUgx0kbq2YchPIdehPQQI5Z2MuhJOhhqJKW4/9Fvs55ddWrOBHCeuAWpggKNnv3p9QVOIsI1ZkipruvE2k+R1BQzklW8RJEY4REakK6hHEVE+enkoQweGKUPQyFNcQ0n6u+JFEVKjaPAdOYnqlkvF//zuokOz/yU8jjRhOPpojBhUAuYpwP7VBKs2dgQhCU1t0I8RBJhbTKsmBDc2ZfnSeu45jo19/qkWr8o4iiDPbAPjoALTkEdXIEGaAIMHsATeAGv1qP1bL1Z79PWklXM7II/sD6+Aa3gnQM=</latexit>

The function can be evaluated in polynomial-time

What about the trapdoor?

Hard to invert efficiently

8A 2 PPM,Pr[A(f(x1)) = 1] ⇡ Pr[A(f(x2)) = 1]
<latexit sha1_base64="iTYqrChh+LWcWajlaQrqEDIuKz8="></latexit><latexit sha1_base64="iTYqrChh+LWcWajlaQrqEDIuKz8="></latexit><latexit sha1_base64="iTYqrChh+LWcWajlaQrqEDIuKz8="></latexit><latexit sha1_base64="iTYqrChh+LWcWajlaQrqEDIuKz8="></latexit>



More about public-key cryptography

Trapdoor one-way function

f
<latexit sha1_base64="b4HLEbhr7TEtaehBb4ygFYyuiV8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipGQ7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AyvGM6g==</latexit><latexit sha1_base64="b4HLEbhr7TEtaehBb4ygFYyuiV8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipGQ7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AyvGM6g==</latexit><latexit sha1_base64="b4HLEbhr7TEtaehBb4ygFYyuiV8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipGQ7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AyvGM6g==</latexit><latexit sha1_base64="b4HLEbhr7TEtaehBb4ygFYyuiV8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipGQ7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AyvGM6g==</latexit>

is a one-way function

There exists a PPM M such that

8y 2 Range(f),M(T, y) = x, f(x) = y
<latexit sha1_base64="AFSHAj2XdwzfyVTO1ORzVuv2/30=">AAACFnicbZDLSsNAFIYnXmu9VV26GSxCCrUkIuhGKLpxI1TpDZpQJtNJO3QyCTMTaQh9Cje+ihsXirgVd76Nk7YLbf1h4OM/5zDn/F7EqFSW9W0sLa+srq3nNvKbW9s7u4W9/aYMY4FJA4csFG0PScIoJw1FFSPtSBAUeIy0vOF1Vm89ECFpyOsqiYgboD6nPsVIaatbOHH8UCDGYAIdyuE94n1i+qUyvDXrZZiU4CUclaFvjjJKuoWiVbEmgotgz6AIZqp1C19OL8RxQLjCDEnZsa1IuSkSimJGxnknliRCeIj6pKORo4BIN52cNYbH2ulBvZ9+XMGJ+3siRYGUSeDpzgCpgZyvZeZ/tU6s/As3pTyKFeF4+pEfM6hCmGUEe1QQrFiiAWFB9a4QD5BAWOkk8zoEe/7kRWieVmyrYt+dFatXszhy4BAcARPY4BxUwQ2ogQbA4BE8g1fwZjwZL8a78TFtXTJmMwfgj4zPH+jcm2I=</latexit><latexit sha1_base64="AFSHAj2XdwzfyVTO1ORzVuv2/30=">AAACFnicbZDLSsNAFIYnXmu9VV26GSxCCrUkIuhGKLpxI1TpDZpQJtNJO3QyCTMTaQh9Cje+ihsXirgVd76Nk7YLbf1h4OM/5zDn/F7EqFSW9W0sLa+srq3nNvKbW9s7u4W9/aYMY4FJA4csFG0PScIoJw1FFSPtSBAUeIy0vOF1Vm89ECFpyOsqiYgboD6nPsVIaatbOHH8UCDGYAIdyuE94n1i+qUyvDXrZZiU4CUclaFvjjJKuoWiVbEmgotgz6AIZqp1C19OL8RxQLjCDEnZsa1IuSkSimJGxnknliRCeIj6pKORo4BIN52cNYbH2ulBvZ9+XMGJ+3siRYGUSeDpzgCpgZyvZeZ/tU6s/As3pTyKFeF4+pEfM6hCmGUEe1QQrFiiAWFB9a4QD5BAWOkk8zoEe/7kRWieVmyrYt+dFatXszhy4BAcARPY4BxUwQ2ogQbA4BE8g1fwZjwZL8a78TFtXTJmMwfgj4zPH+jcm2I=</latexit><latexit sha1_base64="AFSHAj2XdwzfyVTO1ORzVuv2/30=">AAACFnicbZDLSsNAFIYnXmu9VV26GSxCCrUkIuhGKLpxI1TpDZpQJtNJO3QyCTMTaQh9Cje+ihsXirgVd76Nk7YLbf1h4OM/5zDn/F7EqFSW9W0sLa+srq3nNvKbW9s7u4W9/aYMY4FJA4csFG0PScIoJw1FFSPtSBAUeIy0vOF1Vm89ECFpyOsqiYgboD6nPsVIaatbOHH8UCDGYAIdyuE94n1i+qUyvDXrZZiU4CUclaFvjjJKuoWiVbEmgotgz6AIZqp1C19OL8RxQLjCDEnZsa1IuSkSimJGxnknliRCeIj6pKORo4BIN52cNYbH2ulBvZ9+XMGJ+3siRYGUSeDpzgCpgZyvZeZ/tU6s/As3pTyKFeF4+pEfM6hCmGUEe1QQrFiiAWFB9a4QD5BAWOkk8zoEe/7kRWieVmyrYt+dFatXszhy4BAcARPY4BxUwQ2ogQbA4BE8g1fwZjwZL8a78TFtXTJmMwfgj4zPH+jcm2I=</latexit><latexit sha1_base64="AFSHAj2XdwzfyVTO1ORzVuv2/30=">AAACFnicbZDLSsNAFIYnXmu9VV26GSxCCrUkIuhGKLpxI1TpDZpQJtNJO3QyCTMTaQh9Cje+ihsXirgVd76Nk7YLbf1h4OM/5zDn/F7EqFSW9W0sLa+srq3nNvKbW9s7u4W9/aYMY4FJA4csFG0PScIoJw1FFSPtSBAUeIy0vOF1Vm89ECFpyOsqiYgboD6nPsVIaatbOHH8UCDGYAIdyuE94n1i+qUyvDXrZZiU4CUclaFvjjJKuoWiVbEmgotgz6AIZqp1C19OL8RxQLjCDEnZsa1IuSkSimJGxnknliRCeIj6pKORo4BIN52cNYbH2ulBvZ9+XMGJ+3siRYGUSeDpzgCpgZyvZeZ/tU6s/As3pTyKFeF4+pEfM6hCmGUEe1QQrFiiAWFB9a4QD5BAWOkk8zoEe/7kRWieVmyrYt+dFatXszhy4BAcARPY4BxUwQ2ogQbA4BE8g1fwZjwZL8a78TFtXTJmMwfgj4zPH+jcm2I=</latexit>

Trapdoor information allows you to  
invert the function efficiently

(f, T ) where f : X ! Y, T 2 T , s.t.
<latexit sha1_base64="CbvlfliVQ/ZwVCqqbGJ6uVI9uhM="></latexit><latexit sha1_base64="CbvlfliVQ/ZwVCqqbGJ6uVI9uhM="></latexit><latexit sha1_base64="CbvlfliVQ/ZwVCqqbGJ6uVI9uhM="></latexit><latexit sha1_base64="CbvlfliVQ/ZwVCqqbGJ6uVI9uhM="></latexit>

(f, T ) ! (PK,SK)
<latexit sha1_base64="e5AOko3ANjrQaI7xeIVJn5aK69o=">AAACBHicbVDLSgMxFM3UV62vUZfdBIvQQikzIuiy6EbopmJf0A4lk2ba0EwyJBmlDF248VfcuFDErR/hzr8xbWehrQcuHM65l3vv8SNGlXacbyuztr6xuZXdzu3s7u0f2IdHLSViiUkTCyZkx0eKMMpJU1PNSCeSBIU+I21/fD3z2/dEKip4Q08i4oVoyGlAMdJG6tv5YlCGjRLsSTocaSSleIDFeq0M72qlvl1wKs4ccJW4KSmAFPW+/dUbCByHhGvMkFJd14m0lyCpKWZkmuvFikQIj9GQdA3lKCTKS+ZPTOGpUQYwENIU13Cu/p5IUKjUJPRNZ4j0SC17M/E/rxvr4NJLKI9iTTheLApiBrWAs0TggEqCNZsYgrCk5laIR0girE1uOROCu/zyKmmdVVyn4t6eF6pXaRxZkAcnoAhccAGq4AbUQRNg8AiewSt4s56sF+vd+li0Zqx05hj8gfX5AxFnlcs=</latexit><latexit sha1_base64="e5AOko3ANjrQaI7xeIVJn5aK69o=">AAACBHicbVDLSgMxFM3UV62vUZfdBIvQQikzIuiy6EbopmJf0A4lk2ba0EwyJBmlDF248VfcuFDErR/hzr8xbWehrQcuHM65l3vv8SNGlXacbyuztr6xuZXdzu3s7u0f2IdHLSViiUkTCyZkx0eKMMpJU1PNSCeSBIU+I21/fD3z2/dEKip4Q08i4oVoyGlAMdJG6tv5YlCGjRLsSTocaSSleIDFeq0M72qlvl1wKs4ccJW4KSmAFPW+/dUbCByHhGvMkFJd14m0lyCpKWZkmuvFikQIj9GQdA3lKCTKS+ZPTOGpUQYwENIU13Cu/p5IUKjUJPRNZ4j0SC17M/E/rxvr4NJLKI9iTTheLApiBrWAs0TggEqCNZsYgrCk5laIR0girE1uOROCu/zyKmmdVVyn4t6eF6pXaRxZkAcnoAhccAGq4AbUQRNg8AiewSt4s56sF+vd+li0Zqx05hj8gfX5AxFnlcs=</latexit><latexit sha1_base64="e5AOko3ANjrQaI7xeIVJn5aK69o=">AAACBHicbVDLSgMxFM3UV62vUZfdBIvQQikzIuiy6EbopmJf0A4lk2ba0EwyJBmlDF248VfcuFDErR/hzr8xbWehrQcuHM65l3vv8SNGlXacbyuztr6xuZXdzu3s7u0f2IdHLSViiUkTCyZkx0eKMMpJU1PNSCeSBIU+I21/fD3z2/dEKip4Q08i4oVoyGlAMdJG6tv5YlCGjRLsSTocaSSleIDFeq0M72qlvl1wKs4ccJW4KSmAFPW+/dUbCByHhGvMkFJd14m0lyCpKWZkmuvFikQIj9GQdA3lKCTKS+ZPTOGpUQYwENIU13Cu/p5IUKjUJPRNZ4j0SC17M/E/rxvr4NJLKI9iTTheLApiBrWAs0TggEqCNZsYgrCk5laIR0girE1uOROCu/zyKmmdVVyn4t6eF6pXaRxZkAcnoAhccAGq4AbUQRNg8AiewSt4s56sF+vd+li0Zqx05hj8gfX5AxFnlcs=</latexit><latexit sha1_base64="e5AOko3ANjrQaI7xeIVJn5aK69o=">AAACBHicbVDLSgMxFM3UV62vUZfdBIvQQikzIuiy6EbopmJf0A4lk2ba0EwyJBmlDF248VfcuFDErR/hzr8xbWehrQcuHM65l3vv8SNGlXacbyuztr6xuZXdzu3s7u0f2IdHLSViiUkTCyZkx0eKMMpJU1PNSCeSBIU+I21/fD3z2/dEKip4Q08i4oVoyGlAMdJG6tv5YlCGjRLsSTocaSSleIDFeq0M72qlvl1wKs4ccJW4KSmAFPW+/dUbCByHhGvMkFJd14m0lyCpKWZkmuvFikQIj9GQdA3lKCTKS+ZPTOGpUQYwENIU13Cu/p5IUKjUJPRNZ4j0SC17M/E/rxvr4NJLKI9iTTheLApiBrWAs0TggEqCNZsYgrCk5laIR0girE1uOROCu/zyKmmdVVyn4t6eF6pXaRxZkAcnoAhccAGq4AbUQRNg8AiewSt4s56sF+vd+li0Zqx05hj8gfX5AxFnlcs=</latexit>

Enc(PK, ·) = f(·)
<latexit sha1_base64="9vJBFrEThjBnSWO4QniJFRKVzW8=">AAACAnicbZDLSsNAFIZP6q3WW9SVuBksQgUpiQi6EYoiCG4q2Au0oUymk3boZBJmJkIJxY2v4saFIm59Cne+jdM2C239YeDjP+dw5vx+zJnSjvNt5RYWl5ZX8quFtfWNzS17e6euokQSWiMRj2TTx4pyJmhNM81pM5YUhz6nDX9wNa43HqhULBL3ehhTL8Q9wQJGsDZWx967FqRUvT1GbdKN9BG6QEFpih276JSdidA8uBkUIVO1Y3+1uxFJQio04VipluvE2kux1IxwOiq0E0VjTAa4R1sGBQ6p8tLJCSN0aJwuCiJpntBo4v6eSHGo1DD0TWeIdV/N1sbmf7VWooNzL2UiTjQVZLooSDjSERrngbpMUqL50AAmkpm/ItLHEhNtUiuYENzZk+ehflJ2nbJ7d1qsXGZx5GEfDqAELpxBBW6gCjUg8AjP8Apv1pP1Yr1bH9PWnJXN7MIfWZ8/7eKVMw==</latexit><latexit sha1_base64="9vJBFrEThjBnSWO4QniJFRKVzW8=">AAACAnicbZDLSsNAFIZP6q3WW9SVuBksQgUpiQi6EYoiCG4q2Au0oUymk3boZBJmJkIJxY2v4saFIm59Cne+jdM2C239YeDjP+dw5vx+zJnSjvNt5RYWl5ZX8quFtfWNzS17e6euokQSWiMRj2TTx4pyJmhNM81pM5YUhz6nDX9wNa43HqhULBL3ehhTL8Q9wQJGsDZWx967FqRUvT1GbdKN9BG6QEFpih276JSdidA8uBkUIVO1Y3+1uxFJQio04VipluvE2kux1IxwOiq0E0VjTAa4R1sGBQ6p8tLJCSN0aJwuCiJpntBo4v6eSHGo1DD0TWeIdV/N1sbmf7VWooNzL2UiTjQVZLooSDjSERrngbpMUqL50AAmkpm/ItLHEhNtUiuYENzZk+ehflJ2nbJ7d1qsXGZx5GEfDqAELpxBBW6gCjUg8AjP8Apv1pP1Yr1bH9PWnJXN7MIfWZ8/7eKVMw==</latexit><latexit sha1_base64="9vJBFrEThjBnSWO4QniJFRKVzW8=">AAACAnicbZDLSsNAFIZP6q3WW9SVuBksQgUpiQi6EYoiCG4q2Au0oUymk3boZBJmJkIJxY2v4saFIm59Cne+jdM2C239YeDjP+dw5vx+zJnSjvNt5RYWl5ZX8quFtfWNzS17e6euokQSWiMRj2TTx4pyJmhNM81pM5YUhz6nDX9wNa43HqhULBL3ehhTL8Q9wQJGsDZWx967FqRUvT1GbdKN9BG6QEFpih276JSdidA8uBkUIVO1Y3+1uxFJQio04VipluvE2kux1IxwOiq0E0VjTAa4R1sGBQ6p8tLJCSN0aJwuCiJpntBo4v6eSHGo1DD0TWeIdV/N1sbmf7VWooNzL2UiTjQVZLooSDjSERrngbpMUqL50AAmkpm/ItLHEhNtUiuYENzZk+ehflJ2nbJ7d1qsXGZx5GEfDqAELpxBBW6gCjUg8AjP8Apv1pP1Yr1bH9PWnJXN7MIfWZ8/7eKVMw==</latexit><latexit sha1_base64="9vJBFrEThjBnSWO4QniJFRKVzW8=">AAACAnicbZDLSsNAFIZP6q3WW9SVuBksQgUpiQi6EYoiCG4q2Au0oUymk3boZBJmJkIJxY2v4saFIm59Cne+jdM2C239YeDjP+dw5vx+zJnSjvNt5RYWl5ZX8quFtfWNzS17e6euokQSWiMRj2TTx4pyJmhNM81pM5YUhz6nDX9wNa43HqhULBL3ehhTL8Q9wQJGsDZWx967FqRUvT1GbdKN9BG6QEFpih276JSdidA8uBkUIVO1Y3+1uxFJQio04VipluvE2kux1IxwOiq0E0VjTAa4R1sGBQ6p8tLJCSN0aJwuCiJpntBo4v6eSHGo1DD0TWeIdV/N1sbmf7VWooNzL2UiTjQVZLooSDjSERrngbpMUqL50AAmkpm/ItLHEhNtUiuYENzZk+ehflJ2nbJ7d1qsXGZx5GEfDqAELpxBBW6gCjUg8AjP8Apv1pP1Yr1bH9PWnJXN7MIfWZ8/7eKVMw==</latexit>

Dec(SK, ·) = M(T, ·)
<latexit sha1_base64="U3GfKoQ6oPvh3eK4OD0aNVwNPto=">AAACBXicbVDLSgMxFM3UV62vUZe6CBahgpQZEXQjFHUhiFCxL2iHkslk2tBMMiQZoQzduPFX3LhQxK3/4M6/MX0I2nrgwsk595J7jx8zqrTjfFmZufmFxaXscm5ldW19w97cqimRSEyqWDAhGz5ShFFOqppqRhqxJCjyGan7vYuhX78nUlHBK7ofEy9CHU5DipE2UtvevSS4cHd9CFs4EPoAnsGbQuXn1bbzTtEZAc4Sd0LyYIJy2/5sBQInEeEaM6RU03Vi7aVIaooZGeRaiSIxwj3UIU1DOYqI8tLRFQO4b5QAhkKa4hqO1N8TKYqU6ke+6YyQ7qppbyj+5zUTHZ56KeVxognH44/ChEEt4DASGFBJsGZ9QxCW1OwKcRdJhLUJLmdCcKdPniW1o6LrFN3b43zpfBJHFuyAPVAALjgBJXAFyqAKMHgAT+AFvFqP1rP1Zr2PWzPWZGYb/IH18Q0ylpXR</latexit><latexit sha1_base64="U3GfKoQ6oPvh3eK4OD0aNVwNPto=">AAACBXicbVDLSgMxFM3UV62vUZe6CBahgpQZEXQjFHUhiFCxL2iHkslk2tBMMiQZoQzduPFX3LhQxK3/4M6/MX0I2nrgwsk595J7jx8zqrTjfFmZufmFxaXscm5ldW19w97cqimRSEyqWDAhGz5ShFFOqppqRhqxJCjyGan7vYuhX78nUlHBK7ofEy9CHU5DipE2UtvevSS4cHd9CFs4EPoAnsGbQuXn1bbzTtEZAc4Sd0LyYIJy2/5sBQInEeEaM6RU03Vi7aVIaooZGeRaiSIxwj3UIU1DOYqI8tLRFQO4b5QAhkKa4hqO1N8TKYqU6ke+6YyQ7qppbyj+5zUTHZ56KeVxognH44/ChEEt4DASGFBJsGZ9QxCW1OwKcRdJhLUJLmdCcKdPniW1o6LrFN3b43zpfBJHFuyAPVAALjgBJXAFyqAKMHgAT+AFvFqP1rP1Zr2PWzPWZGYb/IH18Q0ylpXR</latexit><latexit sha1_base64="U3GfKoQ6oPvh3eK4OD0aNVwNPto=">AAACBXicbVDLSgMxFM3UV62vUZe6CBahgpQZEXQjFHUhiFCxL2iHkslk2tBMMiQZoQzduPFX3LhQxK3/4M6/MX0I2nrgwsk595J7jx8zqrTjfFmZufmFxaXscm5ldW19w97cqimRSEyqWDAhGz5ShFFOqppqRhqxJCjyGan7vYuhX78nUlHBK7ofEy9CHU5DipE2UtvevSS4cHd9CFs4EPoAnsGbQuXn1bbzTtEZAc4Sd0LyYIJy2/5sBQInEeEaM6RU03Vi7aVIaooZGeRaiSIxwj3UIU1DOYqI8tLRFQO4b5QAhkKa4hqO1N8TKYqU6ke+6YyQ7qppbyj+5zUTHZ56KeVxognH44/ChEEt4DASGFBJsGZ9QxCW1OwKcRdJhLUJLmdCcKdPniW1o6LrFN3b43zpfBJHFuyAPVAALjgBJXAFyqAKMHgAT+AFvFqP1rP1Zr2PWzPWZGYb/IH18Q0ylpXR</latexit><latexit sha1_base64="U3GfKoQ6oPvh3eK4OD0aNVwNPto=">AAACBXicbVDLSgMxFM3UV62vUZe6CBahgpQZEXQjFHUhiFCxL2iHkslk2tBMMiQZoQzduPFX3LhQxK3/4M6/MX0I2nrgwsk595J7jx8zqrTjfFmZufmFxaXscm5ldW19w97cqimRSEyqWDAhGz5ShFFOqppqRhqxJCjyGan7vYuhX78nUlHBK7ofEy9CHU5DipE2UtvevSS4cHd9CFs4EPoAnsGbQuXn1bbzTtEZAc4Sd0LyYIJy2/5sBQInEeEaM6RU03Vi7aVIaooZGeRaiSIxwj3UIU1DOYqI8tLRFQO4b5QAhkKa4hqO1N8TKYqU6ke+6YyQ7qppbyj+5zUTHZ56KeVxognH44/ChEEt4DASGFBJsGZ9QxCW1OwKcRdJhLUJLmdCcKdPniW1o6LrFN3b43zpfBJHFuyAPVAALjgBJXAFyqAKMHgAT+AFvFqP1rP1Zr2PWzPWZGYb/IH18Q0ylpXR</latexit>



More about public-key cryptography

Do such functions exist?

We think so, but there is no proof

For l=2, can be shown that inverting f is equivalent 
to factoring n

No known poly-time classical algorithm

But there is Shor’s algorithm

f(x, n, l) = xl mod n
<latexit sha1_base64="kR7whXNA4602dDimfNMj3GUhGjs=">AAACBXicbVDLSgMxFM34rPVVdamLYBEqlDIjgoIIRTcuK9gHtGPJZDJtaCYZkoy0DN248VfcuFDErf/gzr8x085CWw9c7uGce0nu8SJGlbbtb2thcWl5ZTW3ll/f2NzaLuzsNpSIJSZ1LJiQLQ8pwigndU01I61IEhR6jDS9wXXqNx+IVFTwOz2KiBuiHqcBxUgbqVs4CErDMuRlyI7hJRzeM9i5gKHw02bsol2xJ4DzxMlIEWSodQtfHV/gOCRcY4aUajt2pN0ESU0xI+N8J1YkQniAeqRtKEchUW4yuWIMj4ziw0BIU1zDifp7I0GhUqPQM5Mh0n0166Xif1471sG5m1AexZpwPH0oiBnUAqaRQJ9KgjUbGYKwpOavEPeRRFib4PImBGf25HnSOKk4dsW5PS1Wr7I4cmAfHIIScMAZqIIbUAN1gMEjeAav4M16sl6sd+tjOrpgZTt74A+szx+wP5V/</latexit><latexit sha1_base64="kR7whXNA4602dDimfNMj3GUhGjs=">AAACBXicbVDLSgMxFM34rPVVdamLYBEqlDIjgoIIRTcuK9gHtGPJZDJtaCYZkoy0DN248VfcuFDErf/gzr8x085CWw9c7uGce0nu8SJGlbbtb2thcWl5ZTW3ll/f2NzaLuzsNpSIJSZ1LJiQLQ8pwigndU01I61IEhR6jDS9wXXqNx+IVFTwOz2KiBuiHqcBxUgbqVs4CErDMuRlyI7hJRzeM9i5gKHw02bsol2xJ4DzxMlIEWSodQtfHV/gOCRcY4aUajt2pN0ESU0xI+N8J1YkQniAeqRtKEchUW4yuWIMj4ziw0BIU1zDifp7I0GhUqPQM5Mh0n0166Xif1471sG5m1AexZpwPH0oiBnUAqaRQJ9KgjUbGYKwpOavEPeRRFib4PImBGf25HnSOKk4dsW5PS1Wr7I4cmAfHIIScMAZqIIbUAN1gMEjeAav4M16sl6sd+tjOrpgZTt74A+szx+wP5V/</latexit><latexit sha1_base64="kR7whXNA4602dDimfNMj3GUhGjs=">AAACBXicbVDLSgMxFM34rPVVdamLYBEqlDIjgoIIRTcuK9gHtGPJZDJtaCYZkoy0DN248VfcuFDErf/gzr8x085CWw9c7uGce0nu8SJGlbbtb2thcWl5ZTW3ll/f2NzaLuzsNpSIJSZ1LJiQLQ8pwigndU01I61IEhR6jDS9wXXqNx+IVFTwOz2KiBuiHqcBxUgbqVs4CErDMuRlyI7hJRzeM9i5gKHw02bsol2xJ4DzxMlIEWSodQtfHV/gOCRcY4aUajt2pN0ESU0xI+N8J1YkQniAeqRtKEchUW4yuWIMj4ziw0BIU1zDifp7I0GhUqPQM5Mh0n0166Xif1471sG5m1AexZpwPH0oiBnUAqaRQJ9KgjUbGYKwpOavEPeRRFib4PImBGf25HnSOKk4dsW5PS1Wr7I4cmAfHIIScMAZqIIbUAN1gMEjeAav4M16sl6sd+tjOrpgZTt74A+szx+wP5V/</latexit><latexit sha1_base64="kR7whXNA4602dDimfNMj3GUhGjs=">AAACBXicbVDLSgMxFM34rPVVdamLYBEqlDIjgoIIRTcuK9gHtGPJZDJtaCYZkoy0DN248VfcuFDErf/gzr8x085CWw9c7uGce0nu8SJGlbbtb2thcWl5ZTW3ll/f2NzaLuzsNpSIJSZ1LJiQLQ8pwigndU01I61IEhR6jDS9wXXqNx+IVFTwOz2KiBuiHqcBxUgbqVs4CErDMuRlyI7hJRzeM9i5gKHw02bsol2xJ4DzxMlIEWSodQtfHV/gOCRcY4aUajt2pN0ESU0xI+N8J1YkQniAeqRtKEchUW4yuWIMj4ziw0BIU1zDifp7I0GhUqPQM5Mh0n0166Xif1471sG5m1AexZpwPH0oiBnUAqaRQJ9KgjUbGYKwpOavEPeRRFib4PImBGf25HnSOKk4dsW5PS1Wr7I4cmAfHIIScMAZqIIbUAN1gMEjeAav4M16sl6sd+tjOrpgZTt74A+szx+wP5V/</latexit>

n = p · q, l co-prime with (p� 1)(q � 1)
<latexit sha1_base64="EWF5px++y8GzGesHI5qIRFK65mE="></latexit><latexit sha1_base64="EWF5px++y8GzGesHI5qIRFK65mE="></latexit><latexit sha1_base64="EWF5px++y8GzGesHI5qIRFK65mE="></latexit><latexit sha1_base64="EWF5px++y8GzGesHI5qIRFK65mE="></latexit>

This is the RSA function



Complexity theory

One-way functions are based on NP problems

A problem is in NP iff the solution can be checked 
in classical polynomial time

Example



One-way functions are based on NP problems

A problem is in NP iff the solution can be checked 
in classical polynomial time

Example

Complexity theory



One-way functions are based on NP problems

A problem is in NP iff the solution can be checked 
in classical polynomial time

Recall that P is the class of problems whose solution 
can be found in classical polynomial time

The million dollar question

Clearly P ✓ NP
<latexit sha1_base64="KnJgOT+yXy2T8G/zFCqjgl2KlsU=">AAACCXicbVDLSsNAFJ3UV62vqEs3g0VwVRIRdFl040oi2Ac0oUymN+3QycOZiVBCtm78FTcuFHHrH7jzb5ymQbT1wIXDOfdy7z1+wplUlvVlVJaWV1bXquu1jc2t7R1zd68t41RQaNGYx6LrEwmcRdBSTHHoJgJI6HPo+OPLqd+5ByFZHN2qSQJeSIYRCxglSkt9E7shUSMZZE6OXZn6EhTc/YjXTt4361bDKoAXiV2SOirh9M1PdxDTNIRIUU6k7NlWoryMCMUoh7zmphISQsdkCD1NIxKC9LLikxwfaWWAg1joihQu1N8TGQmlnIS+7ixOnPem4n9eL1XBuZexKEkVRHS2KEg5VjGexoIHTABVfKIJoYLpWzEdEUGo0uHVdAj2/MuLpH3SsK2GfXNab16UcVTRATpEx8hGZ6iJrpCDWoiiB/SEXtCr8Wg8G2/G+6y1YpQz++gPjI9vE6Wajw==</latexit><latexit sha1_base64="KnJgOT+yXy2T8G/zFCqjgl2KlsU=">AAACCXicbVDLSsNAFJ3UV62vqEs3g0VwVRIRdFl040oi2Ac0oUymN+3QycOZiVBCtm78FTcuFHHrH7jzb5ymQbT1wIXDOfdy7z1+wplUlvVlVJaWV1bXquu1jc2t7R1zd68t41RQaNGYx6LrEwmcRdBSTHHoJgJI6HPo+OPLqd+5ByFZHN2qSQJeSIYRCxglSkt9E7shUSMZZE6OXZn6EhTc/YjXTt4361bDKoAXiV2SOirh9M1PdxDTNIRIUU6k7NlWoryMCMUoh7zmphISQsdkCD1NIxKC9LLikxwfaWWAg1joihQu1N8TGQmlnIS+7ixOnPem4n9eL1XBuZexKEkVRHS2KEg5VjGexoIHTABVfKIJoYLpWzEdEUGo0uHVdAj2/MuLpH3SsK2GfXNab16UcVTRATpEx8hGZ6iJrpCDWoiiB/SEXtCr8Wg8G2/G+6y1YpQz++gPjI9vE6Wajw==</latexit><latexit sha1_base64="KnJgOT+yXy2T8G/zFCqjgl2KlsU=">AAACCXicbVDLSsNAFJ3UV62vqEs3g0VwVRIRdFl040oi2Ac0oUymN+3QycOZiVBCtm78FTcuFHHrH7jzb5ymQbT1wIXDOfdy7z1+wplUlvVlVJaWV1bXquu1jc2t7R1zd68t41RQaNGYx6LrEwmcRdBSTHHoJgJI6HPo+OPLqd+5ByFZHN2qSQJeSIYRCxglSkt9E7shUSMZZE6OXZn6EhTc/YjXTt4361bDKoAXiV2SOirh9M1PdxDTNIRIUU6k7NlWoryMCMUoh7zmphISQsdkCD1NIxKC9LLikxwfaWWAg1joihQu1N8TGQmlnIS+7ixOnPem4n9eL1XBuZexKEkVRHS2KEg5VjGexoIHTABVfKIJoYLpWzEdEUGo0uHVdAj2/MuLpH3SsK2GfXNab16UcVTRATpEx8hGZ6iJrpCDWoiiB/SEXtCr8Wg8G2/G+6y1YpQz++gPjI9vE6Wajw==</latexit><latexit sha1_base64="KnJgOT+yXy2T8G/zFCqjgl2KlsU=">AAACCXicbVDLSsNAFJ3UV62vqEs3g0VwVRIRdFl040oi2Ac0oUymN+3QycOZiVBCtm78FTcuFHHrH7jzb5ymQbT1wIXDOfdy7z1+wplUlvVlVJaWV1bXquu1jc2t7R1zd68t41RQaNGYx6LrEwmcRdBSTHHoJgJI6HPo+OPLqd+5ByFZHN2qSQJeSIYRCxglSkt9E7shUSMZZE6OXZn6EhTc/YjXTt4361bDKoAXiV2SOirh9M1PdxDTNIRIUU6k7NlWoryMCMUoh7zmphISQsdkCD1NIxKC9LLikxwfaWWAg1joihQu1N8TGQmlnIS+7ixOnPem4n9eL1XBuZexKEkVRHS2KEg5VjGexoIHTABVfKIJoYLpWzEdEUGo0uHVdAj2/MuLpH3SsK2GfXNab16UcVTRATpEx8hGZ6iJrpCDWoiiB/SEXtCr8Wg8G2/G+6y1YpQz++gPjI9vE6Wajw==</latexit>

P
?
= NP

<latexit sha1_base64="4UR1vQsR4NfsG4KjPNfINJa/z7U=">AAACD3icbVDLSsNAFJ34rPUVdelmsCiuSiKCbsSiG1cSwT6gCWUyvWmHTh7MTIQS8gdu/BU3LhRx69adf+M0zUJbDwycOede7r3HTziTyrK+jYXFpeWV1cpadX1jc2vb3NltyTgVFJo05rHo+EQCZxE0FVMcOokAEvoc2v7oeuK3H0BIFkf3apyAF5JBxAJGidJSzzxyQ6KGMsicHLtSEToSwLPLPLvQ/9K6dfKeWbPqVgE8T+yS1FAJp2d+uf2YpiFEinIiZde2EuVlRChGOeRVN5WQ6GlkAF1NIxKC9LLinhwfaqWPg1joFylcqL87MhJKOQ59XVmsOOtNxP+8bqqCcy9jUZIqiOh0UJByrGI8CQf3mQCq+FgTQgXTu2I6JIJQpSOs6hDs2ZPnSeukblt1++601rgq46igfXSAjpGNzlAD3SAHNRFFj+gZvaI348l4Md6Nj2npglH27KE/MD5/ANRNnSQ=</latexit><latexit sha1_base64="4UR1vQsR4NfsG4KjPNfINJa/z7U=">AAACD3icbVDLSsNAFJ34rPUVdelmsCiuSiKCbsSiG1cSwT6gCWUyvWmHTh7MTIQS8gdu/BU3LhRx69adf+M0zUJbDwycOede7r3HTziTyrK+jYXFpeWV1cpadX1jc2vb3NltyTgVFJo05rHo+EQCZxE0FVMcOokAEvoc2v7oeuK3H0BIFkf3apyAF5JBxAJGidJSzzxyQ6KGMsicHLtSEToSwLPLPLvQ/9K6dfKeWbPqVgE8T+yS1FAJp2d+uf2YpiFEinIiZde2EuVlRChGOeRVN5WQ6GlkAF1NIxKC9LLinhwfaqWPg1joFylcqL87MhJKOQ59XVmsOOtNxP+8bqqCcy9jUZIqiOh0UJByrGI8CQf3mQCq+FgTQgXTu2I6JIJQpSOs6hDs2ZPnSeukblt1++601rgq46igfXSAjpGNzlAD3SAHNRFFj+gZvaI348l4Md6Nj2npglH27KE/MD5/ANRNnSQ=</latexit><latexit sha1_base64="4UR1vQsR4NfsG4KjPNfINJa/z7U=">AAACD3icbVDLSsNAFJ34rPUVdelmsCiuSiKCbsSiG1cSwT6gCWUyvWmHTh7MTIQS8gdu/BU3LhRx69adf+M0zUJbDwycOede7r3HTziTyrK+jYXFpeWV1cpadX1jc2vb3NltyTgVFJo05rHo+EQCZxE0FVMcOokAEvoc2v7oeuK3H0BIFkf3apyAF5JBxAJGidJSzzxyQ6KGMsicHLtSEToSwLPLPLvQ/9K6dfKeWbPqVgE8T+yS1FAJp2d+uf2YpiFEinIiZde2EuVlRChGOeRVN5WQ6GlkAF1NIxKC9LLinhwfaqWPg1joFylcqL87MhJKOQ59XVmsOOtNxP+8bqqCcy9jUZIqiOh0UJByrGI8CQf3mQCq+FgTQgXTu2I6JIJQpSOs6hDs2ZPnSeukblt1++601rgq46igfXSAjpGNzlAD3SAHNRFFj+gZvaI348l4Md6Nj2npglH27KE/MD5/ANRNnSQ=</latexit><latexit sha1_base64="4UR1vQsR4NfsG4KjPNfINJa/z7U=">AAACD3icbVDLSsNAFJ34rPUVdelmsCiuSiKCbsSiG1cSwT6gCWUyvWmHTh7MTIQS8gdu/BU3LhRx69adf+M0zUJbDwycOede7r3HTziTyrK+jYXFpeWV1cpadX1jc2vb3NltyTgVFJo05rHo+EQCZxE0FVMcOokAEvoc2v7oeuK3H0BIFkf3apyAF5JBxAJGidJSzzxyQ6KGMsicHLtSEToSwLPLPLvQ/9K6dfKeWbPqVgE8T+yS1FAJp2d+uf2YpiFEinIiZde2EuVlRChGOeRVN5WQ6GlkAF1NIxKC9LLinhwfaqWPg1joFylcqL87MhJKOQ59XVmsOOtNxP+8bqqCcy9jUZIqiOh0UJByrGI8CQf3mQCq+FgTQgXTu2I6JIJQpSOs6hDs2ZPnSeukblt1++601rgq46igfXSAjpGNzlAD3SAHNRFFj+gZvaI348l4Md6Nj2npglH27KE/MD5/ANRNnSQ=</latexit>

Complexity theory



NPP

Conjectured relationship between classes

Here be one-way 
 functions

Complexity theory



NPP

Conjectured relationship between classes

Factoring

Discrete-log

What about quantum computations (BQP)?

Complexity theory



Conjectured relationship between classes

NPPBQP

Factoring

Discrete-log

?

Can we find one-way functions that are hard to invert 
for quantum computers as well?

Lattice problems

Complexity theory



Lattices

What is a lattice?

Essentially a discrete vector space



Let be a basis of B = {v1, v2, ...vn}
<latexit sha1_base64="Ji1GPzBk/+ip9Z2MThB6Znqzp9s=">AAACDXicbVDLSsNAFJ3UV62vqEs3g1VwUUJSBN0IpW5cVrAPaEKYTCft0MkkzEwKJfQH3Pgrblwo4ta9O//GSZuFth6Y4XDOvdx7T5AwKpVtfxultfWNza3ydmVnd2//wDw86sg4FZi0ccxi0QuQJIxy0lZUMdJLBEFRwEg3GN/mfndChKQxf1DThHgRGnIaUoyUlnzzzI2QGgVh1pzBG+hmcOI7Nf3Va9CyLE04dGe+WbUtew64SpyCVEGBlm9+uYMYpxHhCjMkZd+xE+VlSCiKGZlV3FSSBOExGpK+phxFRHrZ/JoZPNfKAIax0I8rOFd/d2QoknIaBboy310ue7n4n9dPVXjtZZQnqSIcLwaFKYMqhnk0cEAFwYpNNUFYUL0rxCMkEFY6wIoOwVk+eZV06pZjW879ZbXRLOIogxNwCi6AA65AA9yBFmgDDB7BM3gFb8aT8WK8Gx+L0pJR9ByDPzA+fwBAOJka</latexit><latexit sha1_base64="Ji1GPzBk/+ip9Z2MThB6Znqzp9s=">AAACDXicbVDLSsNAFJ3UV62vqEs3g1VwUUJSBN0IpW5cVrAPaEKYTCft0MkkzEwKJfQH3Pgrblwo4ta9O//GSZuFth6Y4XDOvdx7T5AwKpVtfxultfWNza3ydmVnd2//wDw86sg4FZi0ccxi0QuQJIxy0lZUMdJLBEFRwEg3GN/mfndChKQxf1DThHgRGnIaUoyUlnzzzI2QGgVh1pzBG+hmcOI7Nf3Va9CyLE04dGe+WbUtew64SpyCVEGBlm9+uYMYpxHhCjMkZd+xE+VlSCiKGZlV3FSSBOExGpK+phxFRHrZ/JoZPNfKAIax0I8rOFd/d2QoknIaBboy310ue7n4n9dPVXjtZZQnqSIcLwaFKYMqhnk0cEAFwYpNNUFYUL0rxCMkEFY6wIoOwVk+eZV06pZjW879ZbXRLOIogxNwCi6AA65AA9yBFmgDDB7BM3gFb8aT8WK8Gx+L0pJR9ByDPzA+fwBAOJka</latexit><latexit sha1_base64="Ji1GPzBk/+ip9Z2MThB6Znqzp9s=">AAACDXicbVDLSsNAFJ3UV62vqEs3g1VwUUJSBN0IpW5cVrAPaEKYTCft0MkkzEwKJfQH3Pgrblwo4ta9O//GSZuFth6Y4XDOvdx7T5AwKpVtfxultfWNza3ydmVnd2//wDw86sg4FZi0ccxi0QuQJIxy0lZUMdJLBEFRwEg3GN/mfndChKQxf1DThHgRGnIaUoyUlnzzzI2QGgVh1pzBG+hmcOI7Nf3Va9CyLE04dGe+WbUtew64SpyCVEGBlm9+uYMYpxHhCjMkZd+xE+VlSCiKGZlV3FSSBOExGpK+phxFRHrZ/JoZPNfKAIax0I8rOFd/d2QoknIaBboy310ue7n4n9dPVXjtZZQnqSIcLwaFKYMqhnk0cEAFwYpNNUFYUL0rxCMkEFY6wIoOwVk+eZV06pZjW879ZbXRLOIogxNwCi6AA65AA9yBFmgDDB7BM3gFb8aT8WK8Gx+L0pJR9ByDPzA+fwBAOJka</latexit><latexit sha1_base64="Ji1GPzBk/+ip9Z2MThB6Znqzp9s=">AAACDXicbVDLSsNAFJ3UV62vqEs3g1VwUUJSBN0IpW5cVrAPaEKYTCft0MkkzEwKJfQH3Pgrblwo4ta9O//GSZuFth6Y4XDOvdx7T5AwKpVtfxultfWNza3ydmVnd2//wDw86sg4FZi0ccxi0QuQJIxy0lZUMdJLBEFRwEg3GN/mfndChKQxf1DThHgRGnIaUoyUlnzzzI2QGgVh1pzBG+hmcOI7Nf3Va9CyLE04dGe+WbUtew64SpyCVEGBlm9+uYMYpxHhCjMkZd+xE+VlSCiKGZlV3FSSBOExGpK+phxFRHrZ/JoZPNfKAIax0I8rOFd/d2QoknIaBboy310ue7n4n9dPVXjtZZQnqSIcLwaFKYMqhnk0cEAFwYpNNUFYUL0rxCMkEFY6wIoOwVk+eZV06pZjW879ZbXRLOIogxNwCi6AA65AA9yBFmgDDB7BM3gFb8aT8WK8Gx+L0pJR9ByDPzA+fwBAOJka</latexit>

Rn
<latexit sha1_base64="CVFVWHL08MSp1CFAk/RFAbvTlEU=">AAAB83icbVDLSsNAFL3xWeur6tLNYBFclUQEXRbduKxiH9DEMpnetkMnkzAzEUrob7hxoYhbf8adf+OkzUJbDwwczrmXe+aEieDauO63s7K6tr6xWdoqb+/s7u1XDg5bOk4VwyaLRaw6IdUouMSm4UZgJ1FIo1BgOxzf5H77CZXmsXwwkwSDiA4lH3BGjZV8P6JmFIbZ/fRR9ipVt+bOQJaJV5AqFGj0Kl9+P2ZphNIwQbXuem5igowqw5nAadlPNSaUjekQu5ZKGqEOslnmKTm1Sp8MYmWfNGSm/t7IaKT1JArtZJ5RL3q5+J/XTc3gKsi4TFKDks0PDVJBTEzyAkifK2RGTCyhTHGblbARVZQZW1PZluAtfnmZtM5rnlvz7i6q9euijhIcwwmcgQeXUIdbaEATGCTwDK/w5qTOi/PufMxHV5xi5wj+wPn8AUUhkdI=</latexit><latexit sha1_base64="CVFVWHL08MSp1CFAk/RFAbvTlEU=">AAAB83icbVDLSsNAFL3xWeur6tLNYBFclUQEXRbduKxiH9DEMpnetkMnkzAzEUrob7hxoYhbf8adf+OkzUJbDwwczrmXe+aEieDauO63s7K6tr6xWdoqb+/s7u1XDg5bOk4VwyaLRaw6IdUouMSm4UZgJ1FIo1BgOxzf5H77CZXmsXwwkwSDiA4lH3BGjZV8P6JmFIbZ/fRR9ipVt+bOQJaJV5AqFGj0Kl9+P2ZphNIwQbXuem5igowqw5nAadlPNSaUjekQu5ZKGqEOslnmKTm1Sp8MYmWfNGSm/t7IaKT1JArtZJ5RL3q5+J/XTc3gKsi4TFKDks0PDVJBTEzyAkifK2RGTCyhTHGblbARVZQZW1PZluAtfnmZtM5rnlvz7i6q9euijhIcwwmcgQeXUIdbaEATGCTwDK/w5qTOi/PufMxHV5xi5wj+wPn8AUUhkdI=</latexit><latexit sha1_base64="CVFVWHL08MSp1CFAk/RFAbvTlEU=">AAAB83icbVDLSsNAFL3xWeur6tLNYBFclUQEXRbduKxiH9DEMpnetkMnkzAzEUrob7hxoYhbf8adf+OkzUJbDwwczrmXe+aEieDauO63s7K6tr6xWdoqb+/s7u1XDg5bOk4VwyaLRaw6IdUouMSm4UZgJ1FIo1BgOxzf5H77CZXmsXwwkwSDiA4lH3BGjZV8P6JmFIbZ/fRR9ipVt+bOQJaJV5AqFGj0Kl9+P2ZphNIwQbXuem5igowqw5nAadlPNSaUjekQu5ZKGqEOslnmKTm1Sp8MYmWfNGSm/t7IaKT1JArtZJ5RL3q5+J/XTc3gKsi4TFKDks0PDVJBTEzyAkifK2RGTCyhTHGblbARVZQZW1PZluAtfnmZtM5rnlvz7i6q9euijhIcwwmcgQeXUIdbaEATGCTwDK/w5qTOi/PufMxHV5xi5wj+wPn8AUUhkdI=</latexit><latexit sha1_base64="CVFVWHL08MSp1CFAk/RFAbvTlEU=">AAAB83icbVDLSsNAFL3xWeur6tLNYBFclUQEXRbduKxiH9DEMpnetkMnkzAzEUrob7hxoYhbf8adf+OkzUJbDwwczrmXe+aEieDauO63s7K6tr6xWdoqb+/s7u1XDg5bOk4VwyaLRaw6IdUouMSm4UZgJ1FIo1BgOxzf5H77CZXmsXwwkwSDiA4lH3BGjZV8P6JmFIbZ/fRR9ipVt+bOQJaJV5AqFGj0Kl9+P2ZphNIwQbXuem5igowqw5nAadlPNSaUjekQu5ZKGqEOslnmKTm1Sp8MYmWfNGSm/t7IaKT1JArtZJ5RL3q5+J/XTc3gKsi4TFKDks0PDVJBTEzyAkifK2RGTCyhTHGblbARVZQZW1PZluAtfnmZtM5rnlvz7i6q9euijhIcwwmcgQeXUIdbaEATGCTwDK/w5qTOi/PufMxHV5xi5wj+wPn8AUUhkdI=</latexit>

Then, a lattice is the following

Lattices

L(B) = {a1v1 + a2v2 + ...+ anvn|a1, a2, ...an 2 Z}
<latexit sha1_base64="KlHBtx8vf+oYBoezkANw3CNPVRI="></latexit><latexit sha1_base64="KlHBtx8vf+oYBoezkANw3CNPVRI="></latexit><latexit sha1_base64="KlHBtx8vf+oYBoezkANw3CNPVRI="></latexit><latexit sha1_base64="KlHBtx8vf+oYBoezkANw3CNPVRI="></latexit>



Lattice problems

Input: B = {vi}in
<latexit sha1_base64="puITA14FhYHSsd8VgsS6rlGEqT4=">AAACCnicbVDLSsNAFJ3UV62vqks3o0VwVRIRdCOUunFZwT6gKWEyvWmHTiZxZlIoIWs3/oobF4q49Qvc+TdO2i609cAMh3Pu5d57/JgzpW372yqsrK6tbxQ3S1vbO7t75f2DlooSSaFJIx7Jjk8UcCagqZnm0IklkNDn0PZHN7nfHoNULBL3ehJDLyQDwQJGiTaSVz52Q6KHfpDWM3yN3RSPPYbdzEvNz+EBi8wrV+yqPQVeJs6cVNAcDa/85fYjmoQgNOVEqa5jx7qXEqkZ5ZCV3ERBTOiIDKBrqCAhqF46PSXDp0bp4yCS5gmNp+rvjpSESk1C31Tmi6tFLxf/87qJDq56KRNxokHQ2aAg4VhHOM8F95kEqvnEEEIlM7tiOiSSUG3SK5kQnMWTl0nrvOrYVefuolKrz+MooiN0gs6Qgy5RDd2iBmoiih7RM3pFb9aT9WK9Wx+z0oI17zlEf2B9/gDWCZm0</latexit><latexit sha1_base64="puITA14FhYHSsd8VgsS6rlGEqT4=">AAACCnicbVDLSsNAFJ3UV62vqks3o0VwVRIRdCOUunFZwT6gKWEyvWmHTiZxZlIoIWs3/oobF4q49Qvc+TdO2i609cAMh3Pu5d57/JgzpW372yqsrK6tbxQ3S1vbO7t75f2DlooSSaFJIx7Jjk8UcCagqZnm0IklkNDn0PZHN7nfHoNULBL3ehJDLyQDwQJGiTaSVz52Q6KHfpDWM3yN3RSPPYbdzEvNz+EBi8wrV+yqPQVeJs6cVNAcDa/85fYjmoQgNOVEqa5jx7qXEqkZ5ZCV3ERBTOiIDKBrqCAhqF46PSXDp0bp4yCS5gmNp+rvjpSESk1C31Tmi6tFLxf/87qJDq56KRNxokHQ2aAg4VhHOM8F95kEqvnEEEIlM7tiOiSSUG3SK5kQnMWTl0nrvOrYVefuolKrz+MooiN0gs6Qgy5RDd2iBmoiih7RM3pFb9aT9WK9Wx+z0oI17zlEf2B9/gDWCZm0</latexit><latexit sha1_base64="puITA14FhYHSsd8VgsS6rlGEqT4=">AAACCnicbVDLSsNAFJ3UV62vqks3o0VwVRIRdCOUunFZwT6gKWEyvWmHTiZxZlIoIWs3/oobF4q49Qvc+TdO2i609cAMh3Pu5d57/JgzpW372yqsrK6tbxQ3S1vbO7t75f2DlooSSaFJIx7Jjk8UcCagqZnm0IklkNDn0PZHN7nfHoNULBL3ehJDLyQDwQJGiTaSVz52Q6KHfpDWM3yN3RSPPYbdzEvNz+EBi8wrV+yqPQVeJs6cVNAcDa/85fYjmoQgNOVEqa5jx7qXEqkZ5ZCV3ERBTOiIDKBrqCAhqF46PSXDp0bp4yCS5gmNp+rvjpSESk1C31Tmi6tFLxf/87qJDq56KRNxokHQ2aAg4VhHOM8F95kEqvnEEEIlM7tiOiSSUG3SK5kQnMWTl0nrvOrYVefuolKrz+MooiN0gs6Qgy5RDd2iBmoiih7RM3pFb9aT9WK9Wx+z0oI17zlEf2B9/gDWCZm0</latexit><latexit sha1_base64="puITA14FhYHSsd8VgsS6rlGEqT4=">AAACCnicbVDLSsNAFJ3UV62vqks3o0VwVRIRdCOUunFZwT6gKWEyvWmHTiZxZlIoIWs3/oobF4q49Qvc+TdO2i609cAMh3Pu5d57/JgzpW372yqsrK6tbxQ3S1vbO7t75f2DlooSSaFJIx7Jjk8UcCagqZnm0IklkNDn0PZHN7nfHoNULBL3ehJDLyQDwQJGiTaSVz52Q6KHfpDWM3yN3RSPPYbdzEvNz+EBi8wrV+yqPQVeJs6cVNAcDa/85fYjmoQgNOVEqa5jx7qXEqkZ5ZCV3ERBTOiIDKBrqCAhqF46PSXDp0bp4yCS5gmNp+rvjpSESk1C31Tmi6tFLxf/87qJDq56KRNxokHQ2aAg4VhHOM8F95kEqvnEEEIlM7tiOiSSUG3SK5kQnMWTl0nrvOrYVefuolKrz+MooiN0gs6Qgy5RDd2iBmoiih7RM3pFb9aT9WK9Wx+z0oI17zlEf2B9/gDWCZm0</latexit>

{ai}in
<latexit sha1_base64="MN2ySZMWx5y6K32WrCq/Dq3A370=">AAAB/XicbVDLSsNAFL2pr1pf8bFzM1gEVyURQZdFNy4r2FZoQphMJ+3QySTOTIQagr/ixoUibv0Pd/6N0zYLbT1wL4dz7mXunDDlTGnH+bYqS8srq2vV9drG5tb2jr2711FJJgltk4Qn8i7EinImaFszzeldKimOQ0674ehq4ncfqFQsEbd6nFI/xgPBIkawNlJgH3g5wgFDXhHkpnN6j0QR2HWn4UyBFolbkjqUaAX2l9dPSBZToQnHSvVcJ9V+jqVmhNOi5mWKppiM8ID2DBU4psrPp9cX6NgofRQl0pTQaKr+3shxrNQ4Ds1kjPVQzXsT8T+vl+nows+ZSDNNBZk9FGUc6QRNokB9JinRfGwIJpKZWxEZYomJNoHVTAju/JcXSee04ToN9+as3rws46jCIRzBCbhwDk24hha0gcAjPMMrvFlP1ov1bn3MRitWubMPf2B9/gB+I5SY</latexit><latexit sha1_base64="MN2ySZMWx5y6K32WrCq/Dq3A370=">AAAB/XicbVDLSsNAFL2pr1pf8bFzM1gEVyURQZdFNy4r2FZoQphMJ+3QySTOTIQagr/ixoUibv0Pd/6N0zYLbT1wL4dz7mXunDDlTGnH+bYqS8srq2vV9drG5tb2jr2711FJJgltk4Qn8i7EinImaFszzeldKimOQ0674ehq4ncfqFQsEbd6nFI/xgPBIkawNlJgH3g5wgFDXhHkpnN6j0QR2HWn4UyBFolbkjqUaAX2l9dPSBZToQnHSvVcJ9V+jqVmhNOi5mWKppiM8ID2DBU4psrPp9cX6NgofRQl0pTQaKr+3shxrNQ4Ds1kjPVQzXsT8T+vl+nows+ZSDNNBZk9FGUc6QRNokB9JinRfGwIJpKZWxEZYomJNoHVTAju/JcXSee04ToN9+as3rws46jCIRzBCbhwDk24hha0gcAjPMMrvFlP1ov1bn3MRitWubMPf2B9/gB+I5SY</latexit><latexit sha1_base64="MN2ySZMWx5y6K32WrCq/Dq3A370=">AAAB/XicbVDLSsNAFL2pr1pf8bFzM1gEVyURQZdFNy4r2FZoQphMJ+3QySTOTIQagr/ixoUibv0Pd/6N0zYLbT1wL4dz7mXunDDlTGnH+bYqS8srq2vV9drG5tb2jr2711FJJgltk4Qn8i7EinImaFszzeldKimOQ0674ehq4ncfqFQsEbd6nFI/xgPBIkawNlJgH3g5wgFDXhHkpnN6j0QR2HWn4UyBFolbkjqUaAX2l9dPSBZToQnHSvVcJ9V+jqVmhNOi5mWKppiM8ID2DBU4psrPp9cX6NgofRQl0pTQaKr+3shxrNQ4Ds1kjPVQzXsT8T+vl+nows+ZSDNNBZk9FGUc6QRNokB9JinRfGwIJpKZWxEZYomJNoHVTAju/JcXSee04ToN9+as3rws46jCIRzBCbhwDk24hha0gcAjPMMrvFlP1ov1bn3MRitWubMPf2B9/gB+I5SY</latexit><latexit sha1_base64="MN2ySZMWx5y6K32WrCq/Dq3A370=">AAAB/XicbVDLSsNAFL2pr1pf8bFzM1gEVyURQZdFNy4r2FZoQphMJ+3QySTOTIQagr/ixoUibv0Pd/6N0zYLbT1wL4dz7mXunDDlTGnH+bYqS8srq2vV9drG5tb2jr2711FJJgltk4Qn8i7EinImaFszzeldKimOQ0674ehq4ncfqFQsEbd6nFI/xgPBIkawNlJgH3g5wgFDXhHkpnN6j0QR2HWn4UyBFolbkjqUaAX2l9dPSBZToQnHSvVcJ9V+jqVmhNOi5mWKppiM8ID2DBU4psrPp9cX6NgofRQl0pTQaKr+3shxrNQ4Ds1kjPVQzXsT8T+vl+nows+ZSDNNBZk9FGUc6QRNokB9JinRfGwIJpKZWxEZYomJNoHVTAju/JcXSee04ToN9+as3rws46jCIRzBCbhwDk24hha0gcAjPMMrvFlP1ov1bn3MRitWubMPf2B9/gB+I5SY</latexit>

Output: 

Such that for w =
nX

i=1

aivi
<latexit sha1_base64="GIQaaO3xO0trvvpK38Nad/6OAMM=">AAACAXicbVBNS8NAEJ34WetX1IvgZbEInkoigl4KRS8eK9gPaGPYbDft0s0m7G4qJdSLf8WLB0W8+i+8+W/ctjlo64OBx3szzMwLEs6Udpxva2l5ZXVtvbBR3Nza3tm19/YbKk4loXUS81i2AqwoZ4LWNdOcthJJcRRw2gwG1xO/OaRSsVjc6VFCvQj3BAsZwdpIvn34gCqoo9LIz1jFHd8LhH2Ghj7z7ZJTdqZAi8TNSQly1Hz7q9ONSRpRoQnHSrVdJ9FehqVmhNNxsZMqmmAywD3aNlTgiCovm34wRidG6aIwlqaERlP190SGI6VGUWA6I6z7at6biP957VSHl17GRJJqKshsUZhypGM0iQN1maRE85EhmEhmbkWkjyUm2oRWNCG48y8vksZZ2XXK7u15qXqVx1GAIziGU3DhAqpwAzWoA4FHeIZXeLOerBfr3fqYtS5Z+cwB/IH1+QPjm5Xh</latexit><latexit sha1_base64="GIQaaO3xO0trvvpK38Nad/6OAMM=">AAACAXicbVBNS8NAEJ34WetX1IvgZbEInkoigl4KRS8eK9gPaGPYbDft0s0m7G4qJdSLf8WLB0W8+i+8+W/ctjlo64OBx3szzMwLEs6Udpxva2l5ZXVtvbBR3Nza3tm19/YbKk4loXUS81i2AqwoZ4LWNdOcthJJcRRw2gwG1xO/OaRSsVjc6VFCvQj3BAsZwdpIvn34gCqoo9LIz1jFHd8LhH2Ghj7z7ZJTdqZAi8TNSQly1Hz7q9ONSRpRoQnHSrVdJ9FehqVmhNNxsZMqmmAywD3aNlTgiCovm34wRidG6aIwlqaERlP190SGI6VGUWA6I6z7at6biP957VSHl17GRJJqKshsUZhypGM0iQN1maRE85EhmEhmbkWkjyUm2oRWNCG48y8vksZZ2XXK7u15qXqVx1GAIziGU3DhAqpwAzWoA4FHeIZXeLOerBfr3fqYtS5Z+cwB/IH1+QPjm5Xh</latexit><latexit sha1_base64="GIQaaO3xO0trvvpK38Nad/6OAMM=">AAACAXicbVBNS8NAEJ34WetX1IvgZbEInkoigl4KRS8eK9gPaGPYbDft0s0m7G4qJdSLf8WLB0W8+i+8+W/ctjlo64OBx3szzMwLEs6Udpxva2l5ZXVtvbBR3Nza3tm19/YbKk4loXUS81i2AqwoZ4LWNdOcthJJcRRw2gwG1xO/OaRSsVjc6VFCvQj3BAsZwdpIvn34gCqoo9LIz1jFHd8LhH2Ghj7z7ZJTdqZAi8TNSQly1Hz7q9ONSRpRoQnHSrVdJ9FehqVmhNNxsZMqmmAywD3aNlTgiCovm34wRidG6aIwlqaERlP190SGI6VGUWA6I6z7at6biP957VSHl17GRJJqKshsUZhypGM0iQN1maRE85EhmEhmbkWkjyUm2oRWNCG48y8vksZZ2XXK7u15qXqVx1GAIziGU3DhAqpwAzWoA4FHeIZXeLOerBfr3fqYtS5Z+cwB/IH1+QPjm5Xh</latexit><latexit sha1_base64="GIQaaO3xO0trvvpK38Nad/6OAMM=">AAACAXicbVBNS8NAEJ34WetX1IvgZbEInkoigl4KRS8eK9gPaGPYbDft0s0m7G4qJdSLf8WLB0W8+i+8+W/ctjlo64OBx3szzMwLEs6Udpxva2l5ZXVtvbBR3Nza3tm19/YbKk4loXUS81i2AqwoZ4LWNdOcthJJcRRw2gwG1xO/OaRSsVjc6VFCvQj3BAsZwdpIvn34gCqoo9LIz1jFHd8LhH2Ghj7z7ZJTdqZAi8TNSQly1Hz7q9ONSRpRoQnHSrVdJ9FehqVmhNNxsZMqmmAywD3aNlTgiCovm34wRidG6aIwlqaERlP190SGI6VGUWA6I6z7at6biP957VSHl17GRJJqKshsUZhypGM0iQN1maRE85EhmEhmbkWkjyUm2oRWNCG48y8vksZZ2XXK7u15qXqVx1GAIziGU3DhAqpwAzWoA4FHeIZXeLOerBfr3fqYtS5Z+cwB/IH1+QPjm5Xh</latexit>

it must be that

w 6= 0
<latexit sha1_base64="ZXv4Vm0k60+bGIvrSxff1hRSig4=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbSbt0s0l3N0oJ/RNePCji1b/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hodua3HlFpHssHM0nQj+hA8pAzaqzUfiJdiWPi9soVt+rOQVaJl5MK5Kj3yl/dfszSCKVhgmrd8dzE+BlVhjOB01I31ZhQNqID7FgqaYTaz+b3TsmZVfokjJUtachc/T2R0UjrSRTYzoiaoV72ZuJ/Xic14bWfcZmkBiVbLApTQUxMZs+TPlfIjJhYQpni9lbChlRRZmxEJRuCt/zyKmleVD236t1fVmo3eRxFOIFTOAcPrqAGd1CHBjAQ8Ayv8OaMnRfn3flYtBacfOYY/sD5/AERXI9R</latexit><latexit sha1_base64="ZXv4Vm0k60+bGIvrSxff1hRSig4=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbSbt0s0l3N0oJ/RNePCji1b/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hodua3HlFpHssHM0nQj+hA8pAzaqzUfiJdiWPi9soVt+rOQVaJl5MK5Kj3yl/dfszSCKVhgmrd8dzE+BlVhjOB01I31ZhQNqID7FgqaYTaz+b3TsmZVfokjJUtachc/T2R0UjrSRTYzoiaoV72ZuJ/Xic14bWfcZmkBiVbLApTQUxMZs+TPlfIjJhYQpni9lbChlRRZmxEJRuCt/zyKmleVD236t1fVmo3eRxFOIFTOAcPrqAGd1CHBjAQ8Ayv8OaMnRfn3flYtBacfOYY/sD5/AERXI9R</latexit><latexit sha1_base64="ZXv4Vm0k60+bGIvrSxff1hRSig4=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbSbt0s0l3N0oJ/RNePCji1b/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hodua3HlFpHssHM0nQj+hA8pAzaqzUfiJdiWPi9soVt+rOQVaJl5MK5Kj3yl/dfszSCKVhgmrd8dzE+BlVhjOB01I31ZhQNqID7FgqaYTaz+b3TsmZVfokjJUtachc/T2R0UjrSRTYzoiaoV72ZuJ/Xic14bWfcZmkBiVbLApTQUxMZs+TPlfIjJhYQpni9lbChlRRZmxEJRuCt/zyKmleVD236t1fVmo3eRxFOIFTOAcPrqAGd1CHBjAQ8Ayv8OaMnRfn3flYtBacfOYY/sD5/AERXI9R</latexit><latexit sha1_base64="ZXv4Vm0k60+bGIvrSxff1hRSig4=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbSbt0s0l3N0oJ/RNePCji1b/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hodua3HlFpHssHM0nQj+hA8pAzaqzUfiJdiWPi9soVt+rOQVaJl5MK5Kj3yl/dfszSCKVhgmrd8dzE+BlVhjOB01I31ZhQNqID7FgqaYTaz+b3TsmZVfokjJUtachc/T2R0UjrSRTYzoiaoV72ZuJ/Xic14bWfcZmkBiVbLApTQUxMZs+TPlfIjJhYQpni9lbChlRRZmxEJRuCt/zyKmleVD236t1fVmo3eRxFOIFTOAcPrqAGd1CHBjAQ8Ayv8OaMnRfn3flYtBacfOYY/sD5/AERXI9R</latexit>

ai 2 Z
<latexit sha1_base64="RB69LhnISRkjFm0i6Z/OdVdIg/U=">AAAB+3icbVDLSsNAFL2pr1pftS7dDBbBVUlE0GXRjcsK9oFNCJPppB06mYSZiVhCfsWNC0Xc+iPu/BsnbRbaemDgcM693DMnSDhT2ra/rcra+sbmVnW7trO7t39QP2z0VJxKQrsk5rEcBFhRzgTtaqY5HSSS4ijgtB9Mbwq//0ilYrG417OEehEeCxYygrWR/HoD+wy5TCA3wnoSBNlD7tebdsueA60SpyRNKNHx61/uKCZpRIUmHCs1dOxEexmWmhFO85qbKppgMsVjOjRU4IgqL5tnz9GpUUYojKV5QqO5+nsjw5FSsygwk0VCtewV4n/eMNXhlZcxkaSaCrI4FKYc6RgVRaARk5RoPjMEE8lMVkQmWGKiTV01U4Kz/OVV0jtvOXbLubtotq/LOqpwDCdwBg5cQhtuoQNdIPAEz/AKb1ZuvVjv1sditGKVO0fwB9bnD4IllBc=</latexit><latexit sha1_base64="RB69LhnISRkjFm0i6Z/OdVdIg/U=">AAAB+3icbVDLSsNAFL2pr1pftS7dDBbBVUlE0GXRjcsK9oFNCJPppB06mYSZiVhCfsWNC0Xc+iPu/BsnbRbaemDgcM693DMnSDhT2ra/rcra+sbmVnW7trO7t39QP2z0VJxKQrsk5rEcBFhRzgTtaqY5HSSS4ijgtB9Mbwq//0ilYrG417OEehEeCxYygrWR/HoD+wy5TCA3wnoSBNlD7tebdsueA60SpyRNKNHx61/uKCZpRIUmHCs1dOxEexmWmhFO85qbKppgMsVjOjRU4IgqL5tnz9GpUUYojKV5QqO5+nsjw5FSsygwk0VCtewV4n/eMNXhlZcxkaSaCrI4FKYc6RgVRaARk5RoPjMEE8lMVkQmWGKiTV01U4Kz/OVV0jtvOXbLubtotq/LOqpwDCdwBg5cQhtuoQNdIPAEz/AKb1ZuvVjv1sditGKVO0fwB9bnD4IllBc=</latexit><latexit sha1_base64="RB69LhnISRkjFm0i6Z/OdVdIg/U=">AAAB+3icbVDLSsNAFL2pr1pftS7dDBbBVUlE0GXRjcsK9oFNCJPppB06mYSZiVhCfsWNC0Xc+iPu/BsnbRbaemDgcM693DMnSDhT2ra/rcra+sbmVnW7trO7t39QP2z0VJxKQrsk5rEcBFhRzgTtaqY5HSSS4ijgtB9Mbwq//0ilYrG417OEehEeCxYygrWR/HoD+wy5TCA3wnoSBNlD7tebdsueA60SpyRNKNHx61/uKCZpRIUmHCs1dOxEexmWmhFO85qbKppgMsVjOjRU4IgqL5tnz9GpUUYojKV5QqO5+nsjw5FSsygwk0VCtewV4n/eMNXhlZcxkaSaCrI4FKYc6RgVRaARk5RoPjMEE8lMVkQmWGKiTV01U4Kz/OVV0jtvOXbLubtotq/LOqpwDCdwBg5cQhtuoQNdIPAEz/AKb1ZuvVjv1sditGKVO0fwB9bnD4IllBc=</latexit><latexit sha1_base64="RB69LhnISRkjFm0i6Z/OdVdIg/U=">AAAB+3icbVDLSsNAFL2pr1pftS7dDBbBVUlE0GXRjcsK9oFNCJPppB06mYSZiVhCfsWNC0Xc+iPu/BsnbRbaemDgcM693DMnSDhT2ra/rcra+sbmVnW7trO7t39QP2z0VJxKQrsk5rEcBFhRzgTtaqY5HSSS4ijgtB9Mbwq//0ilYrG417OEehEeCxYygrWR/HoD+wy5TCA3wnoSBNlD7tebdsueA60SpyRNKNHx61/uKCZpRIUmHCs1dOxEexmWmhFO85qbKppgMsVjOjRU4IgqL5tnz9GpUUYojKV5QqO5+nsjw5FSsygwk0VCtewV4n/eMNXhlZcxkaSaCrI4FKYc6RgVRaARk5RoPjMEE8lMVkQmWGKiTV01U4Kz/OVV0jtvOXbLubtotq/LOqpwDCdwBg5cQhtuoQNdIPAEz/AKb1ZuvVjv1sditGKVO0fwB9bnD4IllBc=</latexit>

w
<latexit sha1_base64="S8o8k6X9NK9GxCPFwpLshvp7c5Y=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae0oWy2k3btZhN2N0oJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3H1FpHst7M0nQj+hQ8pAzaqzUeOqXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHpwX5935WLQWnHzmGP7A+fwB5LWM+w==</latexit><latexit sha1_base64="S8o8k6X9NK9GxCPFwpLshvp7c5Y=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae0oWy2k3btZhN2N0oJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3H1FpHst7M0nQj+hQ8pAzaqzUeOqXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHpwX5935WLQWnHzmGP7A+fwB5LWM+w==</latexit><latexit sha1_base64="S8o8k6X9NK9GxCPFwpLshvp7c5Y=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae0oWy2k3btZhN2N0oJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3H1FpHst7M0nQj+hQ8pAzaqzUeOqXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHpwX5935WLQWnHzmGP7A+fwB5LWM+w==</latexit><latexit sha1_base64="S8o8k6X9NK9GxCPFwpLshvp7c5Y=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae0oWy2k3btZhN2N0oJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3H1FpHst7M0nQj+hQ8pAzaqzUeOqXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHpwX5935WLQWnHzmGP7A+fwB5LWM+w==</latexit> is (one of) the shortest vector(s) in B

<latexit sha1_base64="GroVjq0+HwQnWUpFM/xl0w8CTVg=">AAAB8XicbVDLSsNAFL3xWeur6tLNYBFclUQEXZa6cVnBPrANZTK9aYdOJmFmIpTQv3DjQhG3/o07/8ZJm4W2Hhg4nHMvc+4JEsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZwqhi0Wi1h1A6pRcIktw43AbqKQRoHATjC5zf3OEyrNY/lgpgn6ER1JHnJGjZUe+xE14yDMGrNBperW3DnIKvEKUoUCzUHlqz+MWRqhNExQrXuemxg/o8pwJnBW7qcaE8omdIQ9SyWNUPvZPPGMnFtlSMJY2ScNmau/NzIaaT2NAjuZJ9TLXi7+5/VSE974GZdJalCyxUdhKoiJSX4+GXKFzIipJZQpbrMSNqaKMmNLKtsSvOWTV0n7sua5Ne/+qlpvFHWU4BTO4AI8uIY63EETWsBAwjO8wpujnRfn3flYjK45xc4J/IHz+QOrK5Dm</latexit><latexit sha1_base64="GroVjq0+HwQnWUpFM/xl0w8CTVg=">AAAB8XicbVDLSsNAFL3xWeur6tLNYBFclUQEXZa6cVnBPrANZTK9aYdOJmFmIpTQv3DjQhG3/o07/8ZJm4W2Hhg4nHMvc+4JEsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZwqhi0Wi1h1A6pRcIktw43AbqKQRoHATjC5zf3OEyrNY/lgpgn6ER1JHnJGjZUe+xE14yDMGrNBperW3DnIKvEKUoUCzUHlqz+MWRqhNExQrXuemxg/o8pwJnBW7qcaE8omdIQ9SyWNUPvZPPGMnFtlSMJY2ScNmau/NzIaaT2NAjuZJ9TLXi7+5/VSE974GZdJalCyxUdhKoiJSX4+GXKFzIipJZQpbrMSNqaKMmNLKtsSvOWTV0n7sua5Ne/+qlpvFHWU4BTO4AI8uIY63EETWsBAwjO8wpujnRfn3flYjK45xc4J/IHz+QOrK5Dm</latexit><latexit sha1_base64="GroVjq0+HwQnWUpFM/xl0w8CTVg=">AAAB8XicbVDLSsNAFL3xWeur6tLNYBFclUQEXZa6cVnBPrANZTK9aYdOJmFmIpTQv3DjQhG3/o07/8ZJm4W2Hhg4nHMvc+4JEsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZwqhi0Wi1h1A6pRcIktw43AbqKQRoHATjC5zf3OEyrNY/lgpgn6ER1JHnJGjZUe+xE14yDMGrNBperW3DnIKvEKUoUCzUHlqz+MWRqhNExQrXuemxg/o8pwJnBW7qcaE8omdIQ9SyWNUPvZPPGMnFtlSMJY2ScNmau/NzIaaT2NAjuZJ9TLXi7+5/VSE974GZdJalCyxUdhKoiJSX4+GXKFzIipJZQpbrMSNqaKMmNLKtsSvOWTV0n7sua5Ne/+qlpvFHWU4BTO4AI8uIY63EETWsBAwjO8wpujnRfn3flYjK45xc4J/IHz+QOrK5Dm</latexit><latexit sha1_base64="GroVjq0+HwQnWUpFM/xl0w8CTVg=">AAAB8XicbVDLSsNAFL3xWeur6tLNYBFclUQEXZa6cVnBPrANZTK9aYdOJmFmIpTQv3DjQhG3/o07/8ZJm4W2Hhg4nHMvc+4JEsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZwqhi0Wi1h1A6pRcIktw43AbqKQRoHATjC5zf3OEyrNY/lgpgn6ER1JHnJGjZUe+xE14yDMGrNBperW3DnIKvEKUoUCzUHlqz+MWRqhNExQrXuemxg/o8pwJnBW7qcaE8omdIQ9SyWNUPvZPPGMnFtlSMJY2ScNmau/NzIaaT2NAjuZJ9TLXi7+5/VSE974GZdJalCyxUdhKoiJSX4+GXKFzIipJZQpbrMSNqaKMmNLKtsSvOWTV0n7sua5Ne/+qlpvFHWU4BTO4AI8uIY63EETWsBAwjO8wpujnRfn3flYjK45xc4J/IHz+QOrK5Dm</latexit>



Lattice problems

Input: B = {vi}in
<latexit sha1_base64="puITA14FhYHSsd8VgsS6rlGEqT4=">AAACCnicbVDLSsNAFJ3UV62vqks3o0VwVRIRdCOUunFZwT6gKWEyvWmHTiZxZlIoIWs3/oobF4q49Qvc+TdO2i609cAMh3Pu5d57/JgzpW372yqsrK6tbxQ3S1vbO7t75f2DlooSSaFJIx7Jjk8UcCagqZnm0IklkNDn0PZHN7nfHoNULBL3ehJDLyQDwQJGiTaSVz52Q6KHfpDWM3yN3RSPPYbdzEvNz+EBi8wrV+yqPQVeJs6cVNAcDa/85fYjmoQgNOVEqa5jx7qXEqkZ5ZCV3ERBTOiIDKBrqCAhqF46PSXDp0bp4yCS5gmNp+rvjpSESk1C31Tmi6tFLxf/87qJDq56KRNxokHQ2aAg4VhHOM8F95kEqvnEEEIlM7tiOiSSUG3SK5kQnMWTl0nrvOrYVefuolKrz+MooiN0gs6Qgy5RDd2iBmoiih7RM3pFb9aT9WK9Wx+z0oI17zlEf2B9/gDWCZm0</latexit><latexit sha1_base64="puITA14FhYHSsd8VgsS6rlGEqT4=">AAACCnicbVDLSsNAFJ3UV62vqks3o0VwVRIRdCOUunFZwT6gKWEyvWmHTiZxZlIoIWs3/oobF4q49Qvc+TdO2i609cAMh3Pu5d57/JgzpW372yqsrK6tbxQ3S1vbO7t75f2DlooSSaFJIx7Jjk8UcCagqZnm0IklkNDn0PZHN7nfHoNULBL3ehJDLyQDwQJGiTaSVz52Q6KHfpDWM3yN3RSPPYbdzEvNz+EBi8wrV+yqPQVeJs6cVNAcDa/85fYjmoQgNOVEqa5jx7qXEqkZ5ZCV3ERBTOiIDKBrqCAhqF46PSXDp0bp4yCS5gmNp+rvjpSESk1C31Tmi6tFLxf/87qJDq56KRNxokHQ2aAg4VhHOM8F95kEqvnEEEIlM7tiOiSSUG3SK5kQnMWTl0nrvOrYVefuolKrz+MooiN0gs6Qgy5RDd2iBmoiih7RM3pFb9aT9WK9Wx+z0oI17zlEf2B9/gDWCZm0</latexit><latexit sha1_base64="puITA14FhYHSsd8VgsS6rlGEqT4=">AAACCnicbVDLSsNAFJ3UV62vqks3o0VwVRIRdCOUunFZwT6gKWEyvWmHTiZxZlIoIWs3/oobF4q49Qvc+TdO2i609cAMh3Pu5d57/JgzpW372yqsrK6tbxQ3S1vbO7t75f2DlooSSaFJIx7Jjk8UcCagqZnm0IklkNDn0PZHN7nfHoNULBL3ehJDLyQDwQJGiTaSVz52Q6KHfpDWM3yN3RSPPYbdzEvNz+EBi8wrV+yqPQVeJs6cVNAcDa/85fYjmoQgNOVEqa5jx7qXEqkZ5ZCV3ERBTOiIDKBrqCAhqF46PSXDp0bp4yCS5gmNp+rvjpSESk1C31Tmi6tFLxf/87qJDq56KRNxokHQ2aAg4VhHOM8F95kEqvnEEEIlM7tiOiSSUG3SK5kQnMWTl0nrvOrYVefuolKrz+MooiN0gs6Qgy5RDd2iBmoiih7RM3pFb9aT9WK9Wx+z0oI17zlEf2B9/gDWCZm0</latexit><latexit sha1_base64="puITA14FhYHSsd8VgsS6rlGEqT4=">AAACCnicbVDLSsNAFJ3UV62vqks3o0VwVRIRdCOUunFZwT6gKWEyvWmHTiZxZlIoIWs3/oobF4q49Qvc+TdO2i609cAMh3Pu5d57/JgzpW372yqsrK6tbxQ3S1vbO7t75f2DlooSSaFJIx7Jjk8UcCagqZnm0IklkNDn0PZHN7nfHoNULBL3ehJDLyQDwQJGiTaSVz52Q6KHfpDWM3yN3RSPPYbdzEvNz+EBi8wrV+yqPQVeJs6cVNAcDa/85fYjmoQgNOVEqa5jx7qXEqkZ5ZCV3ERBTOiIDKBrqCAhqF46PSXDp0bp4yCS5gmNp+rvjpSESk1C31Tmi6tFLxf/87qJDq56KRNxokHQ2aAg4VhHOM8F95kEqvnEEEIlM7tiOiSSUG3SK5kQnMWTl0nrvOrYVefuolKrz+MooiN0gs6Qgy5RDd2iBmoiih7RM3pFb9aT9WK9Wx+z0oI17zlEf2B9/gDWCZm0</latexit>

{ai}in
<latexit sha1_base64="MN2ySZMWx5y6K32WrCq/Dq3A370=">AAAB/XicbVDLSsNAFL2pr1pf8bFzM1gEVyURQZdFNy4r2FZoQphMJ+3QySTOTIQagr/ixoUibv0Pd/6N0zYLbT1wL4dz7mXunDDlTGnH+bYqS8srq2vV9drG5tb2jr2711FJJgltk4Qn8i7EinImaFszzeldKimOQ0674ehq4ncfqFQsEbd6nFI/xgPBIkawNlJgH3g5wgFDXhHkpnN6j0QR2HWn4UyBFolbkjqUaAX2l9dPSBZToQnHSvVcJ9V+jqVmhNOi5mWKppiM8ID2DBU4psrPp9cX6NgofRQl0pTQaKr+3shxrNQ4Ds1kjPVQzXsT8T+vl+nows+ZSDNNBZk9FGUc6QRNokB9JinRfGwIJpKZWxEZYomJNoHVTAju/JcXSee04ToN9+as3rws46jCIRzBCbhwDk24hha0gcAjPMMrvFlP1ov1bn3MRitWubMPf2B9/gB+I5SY</latexit><latexit sha1_base64="MN2ySZMWx5y6K32WrCq/Dq3A370=">AAAB/XicbVDLSsNAFL2pr1pf8bFzM1gEVyURQZdFNy4r2FZoQphMJ+3QySTOTIQagr/ixoUibv0Pd/6N0zYLbT1wL4dz7mXunDDlTGnH+bYqS8srq2vV9drG5tb2jr2711FJJgltk4Qn8i7EinImaFszzeldKimOQ0674ehq4ncfqFQsEbd6nFI/xgPBIkawNlJgH3g5wgFDXhHkpnN6j0QR2HWn4UyBFolbkjqUaAX2l9dPSBZToQnHSvVcJ9V+jqVmhNOi5mWKppiM8ID2DBU4psrPp9cX6NgofRQl0pTQaKr+3shxrNQ4Ds1kjPVQzXsT8T+vl+nows+ZSDNNBZk9FGUc6QRNokB9JinRfGwIJpKZWxEZYomJNoHVTAju/JcXSee04ToN9+as3rws46jCIRzBCbhwDk24hha0gcAjPMMrvFlP1ov1bn3MRitWubMPf2B9/gB+I5SY</latexit><latexit sha1_base64="MN2ySZMWx5y6K32WrCq/Dq3A370=">AAAB/XicbVDLSsNAFL2pr1pf8bFzM1gEVyURQZdFNy4r2FZoQphMJ+3QySTOTIQagr/ixoUibv0Pd/6N0zYLbT1wL4dz7mXunDDlTGnH+bYqS8srq2vV9drG5tb2jr2711FJJgltk4Qn8i7EinImaFszzeldKimOQ0674ehq4ncfqFQsEbd6nFI/xgPBIkawNlJgH3g5wgFDXhHkpnN6j0QR2HWn4UyBFolbkjqUaAX2l9dPSBZToQnHSvVcJ9V+jqVmhNOi5mWKppiM8ID2DBU4psrPp9cX6NgofRQl0pTQaKr+3shxrNQ4Ds1kjPVQzXsT8T+vl+nows+ZSDNNBZk9FGUc6QRNokB9JinRfGwIJpKZWxEZYomJNoHVTAju/JcXSee04ToN9+as3rws46jCIRzBCbhwDk24hha0gcAjPMMrvFlP1ov1bn3MRitWubMPf2B9/gB+I5SY</latexit><latexit sha1_base64="MN2ySZMWx5y6K32WrCq/Dq3A370=">AAAB/XicbVDLSsNAFL2pr1pf8bFzM1gEVyURQZdFNy4r2FZoQphMJ+3QySTOTIQagr/ixoUibv0Pd/6N0zYLbT1wL4dz7mXunDDlTGnH+bYqS8srq2vV9drG5tb2jr2711FJJgltk4Qn8i7EinImaFszzeldKimOQ0674ehq4ncfqFQsEbd6nFI/xgPBIkawNlJgH3g5wgFDXhHkpnN6j0QR2HWn4UyBFolbkjqUaAX2l9dPSBZToQnHSvVcJ9V+jqVmhNOi5mWKppiM8ID2DBU4psrPp9cX6NgofRQl0pTQaKr+3shxrNQ4Ds1kjPVQzXsT8T+vl+nows+ZSDNNBZk9FGUc6QRNokB9JinRfGwIJpKZWxEZYomJNoHVTAju/JcXSee04ToN9+as3rws46jCIRzBCbhwDk24hha0gcAjPMMrvFlP1ov1bn3MRitWubMPf2B9/gB+I5SY</latexit>

Output: 

Such that for w =
nX

i=1

aivi
<latexit sha1_base64="GIQaaO3xO0trvvpK38Nad/6OAMM=">AAACAXicbVBNS8NAEJ34WetX1IvgZbEInkoigl4KRS8eK9gPaGPYbDft0s0m7G4qJdSLf8WLB0W8+i+8+W/ctjlo64OBx3szzMwLEs6Udpxva2l5ZXVtvbBR3Nza3tm19/YbKk4loXUS81i2AqwoZ4LWNdOcthJJcRRw2gwG1xO/OaRSsVjc6VFCvQj3BAsZwdpIvn34gCqoo9LIz1jFHd8LhH2Ghj7z7ZJTdqZAi8TNSQly1Hz7q9ONSRpRoQnHSrVdJ9FehqVmhNNxsZMqmmAywD3aNlTgiCovm34wRidG6aIwlqaERlP190SGI6VGUWA6I6z7at6biP957VSHl17GRJJqKshsUZhypGM0iQN1maRE85EhmEhmbkWkjyUm2oRWNCG48y8vksZZ2XXK7u15qXqVx1GAIziGU3DhAqpwAzWoA4FHeIZXeLOerBfr3fqYtS5Z+cwB/IH1+QPjm5Xh</latexit><latexit sha1_base64="GIQaaO3xO0trvvpK38Nad/6OAMM=">AAACAXicbVBNS8NAEJ34WetX1IvgZbEInkoigl4KRS8eK9gPaGPYbDft0s0m7G4qJdSLf8WLB0W8+i+8+W/ctjlo64OBx3szzMwLEs6Udpxva2l5ZXVtvbBR3Nza3tm19/YbKk4loXUS81i2AqwoZ4LWNdOcthJJcRRw2gwG1xO/OaRSsVjc6VFCvQj3BAsZwdpIvn34gCqoo9LIz1jFHd8LhH2Ghj7z7ZJTdqZAi8TNSQly1Hz7q9ONSRpRoQnHSrVdJ9FehqVmhNNxsZMqmmAywD3aNlTgiCovm34wRidG6aIwlqaERlP190SGI6VGUWA6I6z7at6biP957VSHl17GRJJqKshsUZhypGM0iQN1maRE85EhmEhmbkWkjyUm2oRWNCG48y8vksZZ2XXK7u15qXqVx1GAIziGU3DhAqpwAzWoA4FHeIZXeLOerBfr3fqYtS5Z+cwB/IH1+QPjm5Xh</latexit><latexit sha1_base64="GIQaaO3xO0trvvpK38Nad/6OAMM=">AAACAXicbVBNS8NAEJ34WetX1IvgZbEInkoigl4KRS8eK9gPaGPYbDft0s0m7G4qJdSLf8WLB0W8+i+8+W/ctjlo64OBx3szzMwLEs6Udpxva2l5ZXVtvbBR3Nza3tm19/YbKk4loXUS81i2AqwoZ4LWNdOcthJJcRRw2gwG1xO/OaRSsVjc6VFCvQj3BAsZwdpIvn34gCqoo9LIz1jFHd8LhH2Ghj7z7ZJTdqZAi8TNSQly1Hz7q9ONSRpRoQnHSrVdJ9FehqVmhNNxsZMqmmAywD3aNlTgiCovm34wRidG6aIwlqaERlP190SGI6VGUWA6I6z7at6biP957VSHl17GRJJqKshsUZhypGM0iQN1maRE85EhmEhmbkWkjyUm2oRWNCG48y8vksZZ2XXK7u15qXqVx1GAIziGU3DhAqpwAzWoA4FHeIZXeLOerBfr3fqYtS5Z+cwB/IH1+QPjm5Xh</latexit><latexit sha1_base64="GIQaaO3xO0trvvpK38Nad/6OAMM=">AAACAXicbVBNS8NAEJ34WetX1IvgZbEInkoigl4KRS8eK9gPaGPYbDft0s0m7G4qJdSLf8WLB0W8+i+8+W/ctjlo64OBx3szzMwLEs6Udpxva2l5ZXVtvbBR3Nza3tm19/YbKk4loXUS81i2AqwoZ4LWNdOcthJJcRRw2gwG1xO/OaRSsVjc6VFCvQj3BAsZwdpIvn34gCqoo9LIz1jFHd8LhH2Ghj7z7ZJTdqZAi8TNSQly1Hz7q9ONSRpRoQnHSrVdJ9FehqVmhNNxsZMqmmAywD3aNlTgiCovm34wRidG6aIwlqaERlP190SGI6VGUWA6I6z7at6biP957VSHl17GRJJqKshsUZhypGM0iQN1maRE85EhmEhmbkWkjyUm2oRWNCG48y8vksZZ2XXK7u15qXqVx1GAIziGU3DhAqpwAzWoA4FHeIZXeLOerBfr3fqYtS5Z+cwB/IH1+QPjm5Xh</latexit>

it must be that

ai 2 Z
<latexit sha1_base64="RB69LhnISRkjFm0i6Z/OdVdIg/U=">AAAB+3icbVDLSsNAFL2pr1pftS7dDBbBVUlE0GXRjcsK9oFNCJPppB06mYSZiVhCfsWNC0Xc+iPu/BsnbRbaemDgcM693DMnSDhT2ra/rcra+sbmVnW7trO7t39QP2z0VJxKQrsk5rEcBFhRzgTtaqY5HSSS4ijgtB9Mbwq//0ilYrG417OEehEeCxYygrWR/HoD+wy5TCA3wnoSBNlD7tebdsueA60SpyRNKNHx61/uKCZpRIUmHCs1dOxEexmWmhFO85qbKppgMsVjOjRU4IgqL5tnz9GpUUYojKV5QqO5+nsjw5FSsygwk0VCtewV4n/eMNXhlZcxkaSaCrI4FKYc6RgVRaARk5RoPjMEE8lMVkQmWGKiTV01U4Kz/OVV0jtvOXbLubtotq/LOqpwDCdwBg5cQhtuoQNdIPAEz/AKb1ZuvVjv1sditGKVO0fwB9bnD4IllBc=</latexit><latexit sha1_base64="RB69LhnISRkjFm0i6Z/OdVdIg/U=">AAAB+3icbVDLSsNAFL2pr1pftS7dDBbBVUlE0GXRjcsK9oFNCJPppB06mYSZiVhCfsWNC0Xc+iPu/BsnbRbaemDgcM693DMnSDhT2ra/rcra+sbmVnW7trO7t39QP2z0VJxKQrsk5rEcBFhRzgTtaqY5HSSS4ijgtB9Mbwq//0ilYrG417OEehEeCxYygrWR/HoD+wy5TCA3wnoSBNlD7tebdsueA60SpyRNKNHx61/uKCZpRIUmHCs1dOxEexmWmhFO85qbKppgMsVjOjRU4IgqL5tnz9GpUUYojKV5QqO5+nsjw5FSsygwk0VCtewV4n/eMNXhlZcxkaSaCrI4FKYc6RgVRaARk5RoPjMEE8lMVkQmWGKiTV01U4Kz/OVV0jtvOXbLubtotq/LOqpwDCdwBg5cQhtuoQNdIPAEz/AKb1ZuvVjv1sditGKVO0fwB9bnD4IllBc=</latexit><latexit sha1_base64="RB69LhnISRkjFm0i6Z/OdVdIg/U=">AAAB+3icbVDLSsNAFL2pr1pftS7dDBbBVUlE0GXRjcsK9oFNCJPppB06mYSZiVhCfsWNC0Xc+iPu/BsnbRbaemDgcM693DMnSDhT2ra/rcra+sbmVnW7trO7t39QP2z0VJxKQrsk5rEcBFhRzgTtaqY5HSSS4ijgtB9Mbwq//0ilYrG417OEehEeCxYygrWR/HoD+wy5TCA3wnoSBNlD7tebdsueA60SpyRNKNHx61/uKCZpRIUmHCs1dOxEexmWmhFO85qbKppgMsVjOjRU4IgqL5tnz9GpUUYojKV5QqO5+nsjw5FSsygwk0VCtewV4n/eMNXhlZcxkaSaCrI4FKYc6RgVRaARk5RoPjMEE8lMVkQmWGKiTV01U4Kz/OVV0jtvOXbLubtotq/LOqpwDCdwBg5cQhtuoQNdIPAEz/AKb1ZuvVjv1sditGKVO0fwB9bnD4IllBc=</latexit><latexit sha1_base64="RB69LhnISRkjFm0i6Z/OdVdIg/U=">AAAB+3icbVDLSsNAFL2pr1pftS7dDBbBVUlE0GXRjcsK9oFNCJPppB06mYSZiVhCfsWNC0Xc+iPu/BsnbRbaemDgcM693DMnSDhT2ra/rcra+sbmVnW7trO7t39QP2z0VJxKQrsk5rEcBFhRzgTtaqY5HSSS4ijgtB9Mbwq//0ilYrG417OEehEeCxYygrWR/HoD+wy5TCA3wnoSBNlD7tebdsueA60SpyRNKNHx61/uKCZpRIUmHCs1dOxEexmWmhFO85qbKppgMsVjOjRU4IgqL5tnz9GpUUYojKV5QqO5+nsjw5FSsygwk0VCtewV4n/eMNXhlZcxkaSaCrI4FKYc6RgVRaARk5RoPjMEE8lMVkQmWGKiTV01U4Kz/OVV0jtvOXbLubtotq/LOqpwDCdwBg5cQhtuoQNdIPAEz/AKb1ZuvVjv1sditGKVO0fwB9bnD4IllBc=</latexit>

w 6= 0
<latexit sha1_base64="ZXv4Vm0k60+bGIvrSxff1hRSig4=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbSbt0s0l3N0oJ/RNePCji1b/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hodua3HlFpHssHM0nQj+hA8pAzaqzUfiJdiWPi9soVt+rOQVaJl5MK5Kj3yl/dfszSCKVhgmrd8dzE+BlVhjOB01I31ZhQNqID7FgqaYTaz+b3TsmZVfokjJUtachc/T2R0UjrSRTYzoiaoV72ZuJ/Xic14bWfcZmkBiVbLApTQUxMZs+TPlfIjJhYQpni9lbChlRRZmxEJRuCt/zyKmleVD236t1fVmo3eRxFOIFTOAcPrqAGd1CHBjAQ8Ayv8OaMnRfn3flYtBacfOYY/sD5/AERXI9R</latexit><latexit sha1_base64="ZXv4Vm0k60+bGIvrSxff1hRSig4=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbSbt0s0l3N0oJ/RNePCji1b/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hodua3HlFpHssHM0nQj+hA8pAzaqzUfiJdiWPi9soVt+rOQVaJl5MK5Kj3yl/dfszSCKVhgmrd8dzE+BlVhjOB01I31ZhQNqID7FgqaYTaz+b3TsmZVfokjJUtachc/T2R0UjrSRTYzoiaoV72ZuJ/Xic14bWfcZmkBiVbLApTQUxMZs+TPlfIjJhYQpni9lbChlRRZmxEJRuCt/zyKmleVD236t1fVmo3eRxFOIFTOAcPrqAGd1CHBjAQ8Ayv8OaMnRfn3flYtBacfOYY/sD5/AERXI9R</latexit><latexit sha1_base64="ZXv4Vm0k60+bGIvrSxff1hRSig4=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbSbt0s0l3N0oJ/RNePCji1b/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hodua3HlFpHssHM0nQj+hA8pAzaqzUfiJdiWPi9soVt+rOQVaJl5MK5Kj3yl/dfszSCKVhgmrd8dzE+BlVhjOB01I31ZhQNqID7FgqaYTaz+b3TsmZVfokjJUtachc/T2R0UjrSRTYzoiaoV72ZuJ/Xic14bWfcZmkBiVbLApTQUxMZs+TPlfIjJhYQpni9lbChlRRZmxEJRuCt/zyKmleVD236t1fVmo3eRxFOIFTOAcPrqAGd1CHBjAQ8Ayv8OaMnRfn3flYtBacfOYY/sD5/AERXI9R</latexit><latexit sha1_base64="ZXv4Vm0k60+bGIvrSxff1hRSig4=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbSbt0s0l3N0oJ/RNePCji1b/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hodua3HlFpHssHM0nQj+hA8pAzaqzUfiJdiWPi9soVt+rOQVaJl5MK5Kj3yl/dfszSCKVhgmrd8dzE+BlVhjOB01I31ZhQNqID7FgqaYTaz+b3TsmZVfokjJUtachc/T2R0UjrSRTYzoiaoV72ZuJ/Xic14bWfcZmkBiVbLApTQUxMZs+TPlfIjJhYQpni9lbChlRRZmxEJRuCt/zyKmleVD236t1fVmo3eRxFOIFTOAcPrqAGd1CHBjAQ8Ayv8OaMnRfn3flYtBacfOYY/sD5/AERXI9R</latexit>

||w|| = lmin
<latexit sha1_base64="ygdOPJqEUeYdWak5053ASw20i7g=">AAAB+HicbVBNS8NAEJ3Ur1o/GvXoZbEInkoigl6EohePFewHtCFstpt26WYTdjdKTfpLvHhQxKs/xZv/xm2bg1YfDDzem2FmXpBwprTjfFmlldW19Y3yZmVre2e3au/tt1WcSkJbJOax7AZYUc4EbWmmOe0mkuIo4LQTjK9nfueeSsVicacnCfUiPBQsZARrI/l2Nc8f8hxdIu5nERNT3645dWcO9Je4BalBgaZvf/YHMUkjKjThWKme6yTay7DUjHA6rfRTRRNMxnhIe4YKHFHlZfPDp+jYKAMUxtKU0Giu/pzIcKTUJApMZ4T1SC17M/E/r5fq8MLLmEhSTQVZLApTjnSMZimgAZOUaD4xBBPJzK2IjLDERJusKiYEd/nlv6R9Wnedunt7VmtcFXGU4RCO4ARcOIcG3EATWkAghSd4gVfr0Xq23qz3RWvJKmYO4Besj2/Pn5Ms</latexit><latexit sha1_base64="ygdOPJqEUeYdWak5053ASw20i7g=">AAAB+HicbVBNS8NAEJ3Ur1o/GvXoZbEInkoigl6EohePFewHtCFstpt26WYTdjdKTfpLvHhQxKs/xZv/xm2bg1YfDDzem2FmXpBwprTjfFmlldW19Y3yZmVre2e3au/tt1WcSkJbJOax7AZYUc4EbWmmOe0mkuIo4LQTjK9nfueeSsVicacnCfUiPBQsZARrI/l2Nc8f8hxdIu5nERNT3645dWcO9Je4BalBgaZvf/YHMUkjKjThWKme6yTay7DUjHA6rfRTRRNMxnhIe4YKHFHlZfPDp+jYKAMUxtKU0Giu/pzIcKTUJApMZ4T1SC17M/E/r5fq8MLLmEhSTQVZLApTjnSMZimgAZOUaD4xBBPJzK2IjLDERJusKiYEd/nlv6R9Wnedunt7VmtcFXGU4RCO4ARcOIcG3EATWkAghSd4gVfr0Xq23qz3RWvJKmYO4Besj2/Pn5Ms</latexit><latexit sha1_base64="ygdOPJqEUeYdWak5053ASw20i7g=">AAAB+HicbVBNS8NAEJ3Ur1o/GvXoZbEInkoigl6EohePFewHtCFstpt26WYTdjdKTfpLvHhQxKs/xZv/xm2bg1YfDDzem2FmXpBwprTjfFmlldW19Y3yZmVre2e3au/tt1WcSkJbJOax7AZYUc4EbWmmOe0mkuIo4LQTjK9nfueeSsVicacnCfUiPBQsZARrI/l2Nc8f8hxdIu5nERNT3645dWcO9Je4BalBgaZvf/YHMUkjKjThWKme6yTay7DUjHA6rfRTRRNMxnhIe4YKHFHlZfPDp+jYKAMUxtKU0Giu/pzIcKTUJApMZ4T1SC17M/E/r5fq8MLLmEhSTQVZLApTjnSMZimgAZOUaD4xBBPJzK2IjLDERJusKiYEd/nlv6R9Wnedunt7VmtcFXGU4RCO4ARcOIcG3EATWkAghSd4gVfr0Xq23qz3RWvJKmYO4Besj2/Pn5Ms</latexit><latexit sha1_base64="ygdOPJqEUeYdWak5053ASw20i7g=">AAAB+HicbVBNS8NAEJ3Ur1o/GvXoZbEInkoigl6EohePFewHtCFstpt26WYTdjdKTfpLvHhQxKs/xZv/xm2bg1YfDDzem2FmXpBwprTjfFmlldW19Y3yZmVre2e3au/tt1WcSkJbJOax7AZYUc4EbWmmOe0mkuIo4LQTjK9nfueeSsVicacnCfUiPBQsZARrI/l2Nc8f8hxdIu5nERNT3645dWcO9Je4BalBgaZvf/YHMUkjKjThWKme6yTay7DUjHA6rfRTRRNMxnhIe4YKHFHlZfPDp+jYKAMUxtKU0Giu/pzIcKTUJApMZ4T1SC17M/E/r5fq8MLLmEhSTQVZLApTjnSMZimgAZOUaD4xBBPJzK2IjLDERJusKiYEd/nlv6R9Wnedunt7VmtcFXGU4RCO4ARcOIcG3EATWkAghSd4gVfr0Xq23qz3RWvJKmYO4Besj2/Pn5Ms</latexit>



Lattice problems

Input: B = {vi}in
<latexit sha1_base64="puITA14FhYHSsd8VgsS6rlGEqT4=">AAACCnicbVDLSsNAFJ3UV62vqks3o0VwVRIRdCOUunFZwT6gKWEyvWmHTiZxZlIoIWs3/oobF4q49Qvc+TdO2i609cAMh3Pu5d57/JgzpW372yqsrK6tbxQ3S1vbO7t75f2DlooSSaFJIx7Jjk8UcCagqZnm0IklkNDn0PZHN7nfHoNULBL3ehJDLyQDwQJGiTaSVz52Q6KHfpDWM3yN3RSPPYbdzEvNz+EBi8wrV+yqPQVeJs6cVNAcDa/85fYjmoQgNOVEqa5jx7qXEqkZ5ZCV3ERBTOiIDKBrqCAhqF46PSXDp0bp4yCS5gmNp+rvjpSESk1C31Tmi6tFLxf/87qJDq56KRNxokHQ2aAg4VhHOM8F95kEqvnEEEIlM7tiOiSSUG3SK5kQnMWTl0nrvOrYVefuolKrz+MooiN0gs6Qgy5RDd2iBmoiih7RM3pFb9aT9WK9Wx+z0oI17zlEf2B9/gDWCZm0</latexit><latexit sha1_base64="puITA14FhYHSsd8VgsS6rlGEqT4=">AAACCnicbVDLSsNAFJ3UV62vqks3o0VwVRIRdCOUunFZwT6gKWEyvWmHTiZxZlIoIWs3/oobF4q49Qvc+TdO2i609cAMh3Pu5d57/JgzpW372yqsrK6tbxQ3S1vbO7t75f2DlooSSaFJIx7Jjk8UcCagqZnm0IklkNDn0PZHN7nfHoNULBL3ehJDLyQDwQJGiTaSVz52Q6KHfpDWM3yN3RSPPYbdzEvNz+EBi8wrV+yqPQVeJs6cVNAcDa/85fYjmoQgNOVEqa5jx7qXEqkZ5ZCV3ERBTOiIDKBrqCAhqF46PSXDp0bp4yCS5gmNp+rvjpSESk1C31Tmi6tFLxf/87qJDq56KRNxokHQ2aAg4VhHOM8F95kEqvnEEEIlM7tiOiSSUG3SK5kQnMWTl0nrvOrYVefuolKrz+MooiN0gs6Qgy5RDd2iBmoiih7RM3pFb9aT9WK9Wx+z0oI17zlEf2B9/gDWCZm0</latexit><latexit sha1_base64="puITA14FhYHSsd8VgsS6rlGEqT4=">AAACCnicbVDLSsNAFJ3UV62vqks3o0VwVRIRdCOUunFZwT6gKWEyvWmHTiZxZlIoIWs3/oobF4q49Qvc+TdO2i609cAMh3Pu5d57/JgzpW372yqsrK6tbxQ3S1vbO7t75f2DlooSSaFJIx7Jjk8UcCagqZnm0IklkNDn0PZHN7nfHoNULBL3ehJDLyQDwQJGiTaSVz52Q6KHfpDWM3yN3RSPPYbdzEvNz+EBi8wrV+yqPQVeJs6cVNAcDa/85fYjmoQgNOVEqa5jx7qXEqkZ5ZCV3ERBTOiIDKBrqCAhqF46PSXDp0bp4yCS5gmNp+rvjpSESk1C31Tmi6tFLxf/87qJDq56KRNxokHQ2aAg4VhHOM8F95kEqvnEEEIlM7tiOiSSUG3SK5kQnMWTl0nrvOrYVefuolKrz+MooiN0gs6Qgy5RDd2iBmoiih7RM3pFb9aT9WK9Wx+z0oI17zlEf2B9/gDWCZm0</latexit><latexit sha1_base64="puITA14FhYHSsd8VgsS6rlGEqT4=">AAACCnicbVDLSsNAFJ3UV62vqks3o0VwVRIRdCOUunFZwT6gKWEyvWmHTiZxZlIoIWs3/oobF4q49Qvc+TdO2i609cAMh3Pu5d57/JgzpW372yqsrK6tbxQ3S1vbO7t75f2DlooSSaFJIx7Jjk8UcCagqZnm0IklkNDn0PZHN7nfHoNULBL3ehJDLyQDwQJGiTaSVz52Q6KHfpDWM3yN3RSPPYbdzEvNz+EBi8wrV+yqPQVeJs6cVNAcDa/85fYjmoQgNOVEqa5jx7qXEqkZ5ZCV3ERBTOiIDKBrqCAhqF46PSXDp0bp4yCS5gmNp+rvjpSESk1C31Tmi6tFLxf/87qJDq56KRNxokHQ2aAg4VhHOM8F95kEqvnEEEIlM7tiOiSSUG3SK5kQnMWTl0nrvOrYVefuolKrz+MooiN0gs6Qgy5RDd2iBmoiih7RM3pFb9aT9WK9Wx+z0oI17zlEf2B9/gDWCZm0</latexit>

{ai}in
<latexit sha1_base64="MN2ySZMWx5y6K32WrCq/Dq3A370=">AAAB/XicbVDLSsNAFL2pr1pf8bFzM1gEVyURQZdFNy4r2FZoQphMJ+3QySTOTIQagr/ixoUibv0Pd/6N0zYLbT1wL4dz7mXunDDlTGnH+bYqS8srq2vV9drG5tb2jr2711FJJgltk4Qn8i7EinImaFszzeldKimOQ0674ehq4ncfqFQsEbd6nFI/xgPBIkawNlJgH3g5wgFDXhHkpnN6j0QR2HWn4UyBFolbkjqUaAX2l9dPSBZToQnHSvVcJ9V+jqVmhNOi5mWKppiM8ID2DBU4psrPp9cX6NgofRQl0pTQaKr+3shxrNQ4Ds1kjPVQzXsT8T+vl+nows+ZSDNNBZk9FGUc6QRNokB9JinRfGwIJpKZWxEZYomJNoHVTAju/JcXSee04ToN9+as3rws46jCIRzBCbhwDk24hha0gcAjPMMrvFlP1ov1bn3MRitWubMPf2B9/gB+I5SY</latexit><latexit sha1_base64="MN2ySZMWx5y6K32WrCq/Dq3A370=">AAAB/XicbVDLSsNAFL2pr1pf8bFzM1gEVyURQZdFNy4r2FZoQphMJ+3QySTOTIQagr/ixoUibv0Pd/6N0zYLbT1wL4dz7mXunDDlTGnH+bYqS8srq2vV9drG5tb2jr2711FJJgltk4Qn8i7EinImaFszzeldKimOQ0674ehq4ncfqFQsEbd6nFI/xgPBIkawNlJgH3g5wgFDXhHkpnN6j0QR2HWn4UyBFolbkjqUaAX2l9dPSBZToQnHSvVcJ9V+jqVmhNOi5mWKppiM8ID2DBU4psrPp9cX6NgofRQl0pTQaKr+3shxrNQ4Ds1kjPVQzXsT8T+vl+nows+ZSDNNBZk9FGUc6QRNokB9JinRfGwIJpKZWxEZYomJNoHVTAju/JcXSee04ToN9+as3rws46jCIRzBCbhwDk24hha0gcAjPMMrvFlP1ov1bn3MRitWubMPf2B9/gB+I5SY</latexit><latexit sha1_base64="MN2ySZMWx5y6K32WrCq/Dq3A370=">AAAB/XicbVDLSsNAFL2pr1pf8bFzM1gEVyURQZdFNy4r2FZoQphMJ+3QySTOTIQagr/ixoUibv0Pd/6N0zYLbT1wL4dz7mXunDDlTGnH+bYqS8srq2vV9drG5tb2jr2711FJJgltk4Qn8i7EinImaFszzeldKimOQ0674ehq4ncfqFQsEbd6nFI/xgPBIkawNlJgH3g5wgFDXhHkpnN6j0QR2HWn4UyBFolbkjqUaAX2l9dPSBZToQnHSvVcJ9V+jqVmhNOi5mWKppiM8ID2DBU4psrPp9cX6NgofRQl0pTQaKr+3shxrNQ4Ds1kjPVQzXsT8T+vl+nows+ZSDNNBZk9FGUc6QRNokB9JinRfGwIJpKZWxEZYomJNoHVTAju/JcXSee04ToN9+as3rws46jCIRzBCbhwDk24hha0gcAjPMMrvFlP1ov1bn3MRitWubMPf2B9/gB+I5SY</latexit><latexit sha1_base64="MN2ySZMWx5y6K32WrCq/Dq3A370=">AAAB/XicbVDLSsNAFL2pr1pf8bFzM1gEVyURQZdFNy4r2FZoQphMJ+3QySTOTIQagr/ixoUibv0Pd/6N0zYLbT1wL4dz7mXunDDlTGnH+bYqS8srq2vV9drG5tb2jr2711FJJgltk4Qn8i7EinImaFszzeldKimOQ0674ehq4ncfqFQsEbd6nFI/xgPBIkawNlJgH3g5wgFDXhHkpnN6j0QR2HWn4UyBFolbkjqUaAX2l9dPSBZToQnHSvVcJ9V+jqVmhNOi5mWKppiM8ID2DBU4psrPp9cX6NgofRQl0pTQaKr+3shxrNQ4Ds1kjPVQzXsT8T+vl+nows+ZSDNNBZk9FGUc6QRNokB9JinRfGwIJpKZWxEZYomJNoHVTAju/JcXSee04ToN9+as3rws46jCIRzBCbhwDk24hha0gcAjPMMrvFlP1ov1bn3MRitWubMPf2B9/gB+I5SY</latexit>

Output: 

Such that for w =
nX

i=1

aivi
<latexit sha1_base64="GIQaaO3xO0trvvpK38Nad/6OAMM=">AAACAXicbVBNS8NAEJ34WetX1IvgZbEInkoigl4KRS8eK9gPaGPYbDft0s0m7G4qJdSLf8WLB0W8+i+8+W/ctjlo64OBx3szzMwLEs6Udpxva2l5ZXVtvbBR3Nza3tm19/YbKk4loXUS81i2AqwoZ4LWNdOcthJJcRRw2gwG1xO/OaRSsVjc6VFCvQj3BAsZwdpIvn34gCqoo9LIz1jFHd8LhH2Ghj7z7ZJTdqZAi8TNSQly1Hz7q9ONSRpRoQnHSrVdJ9FehqVmhNNxsZMqmmAywD3aNlTgiCovm34wRidG6aIwlqaERlP190SGI6VGUWA6I6z7at6biP957VSHl17GRJJqKshsUZhypGM0iQN1maRE85EhmEhmbkWkjyUm2oRWNCG48y8vksZZ2XXK7u15qXqVx1GAIziGU3DhAqpwAzWoA4FHeIZXeLOerBfr3fqYtS5Z+cwB/IH1+QPjm5Xh</latexit><latexit sha1_base64="GIQaaO3xO0trvvpK38Nad/6OAMM=">AAACAXicbVBNS8NAEJ34WetX1IvgZbEInkoigl4KRS8eK9gPaGPYbDft0s0m7G4qJdSLf8WLB0W8+i+8+W/ctjlo64OBx3szzMwLEs6Udpxva2l5ZXVtvbBR3Nza3tm19/YbKk4loXUS81i2AqwoZ4LWNdOcthJJcRRw2gwG1xO/OaRSsVjc6VFCvQj3BAsZwdpIvn34gCqoo9LIz1jFHd8LhH2Ghj7z7ZJTdqZAi8TNSQly1Hz7q9ONSRpRoQnHSrVdJ9FehqVmhNNxsZMqmmAywD3aNlTgiCovm34wRidG6aIwlqaERlP190SGI6VGUWA6I6z7at6biP957VSHl17GRJJqKshsUZhypGM0iQN1maRE85EhmEhmbkWkjyUm2oRWNCG48y8vksZZ2XXK7u15qXqVx1GAIziGU3DhAqpwAzWoA4FHeIZXeLOerBfr3fqYtS5Z+cwB/IH1+QPjm5Xh</latexit><latexit sha1_base64="GIQaaO3xO0trvvpK38Nad/6OAMM=">AAACAXicbVBNS8NAEJ34WetX1IvgZbEInkoigl4KRS8eK9gPaGPYbDft0s0m7G4qJdSLf8WLB0W8+i+8+W/ctjlo64OBx3szzMwLEs6Udpxva2l5ZXVtvbBR3Nza3tm19/YbKk4loXUS81i2AqwoZ4LWNdOcthJJcRRw2gwG1xO/OaRSsVjc6VFCvQj3BAsZwdpIvn34gCqoo9LIz1jFHd8LhH2Ghj7z7ZJTdqZAi8TNSQly1Hz7q9ONSRpRoQnHSrVdJ9FehqVmhNNxsZMqmmAywD3aNlTgiCovm34wRidG6aIwlqaERlP190SGI6VGUWA6I6z7at6biP957VSHl17GRJJqKshsUZhypGM0iQN1maRE85EhmEhmbkWkjyUm2oRWNCG48y8vksZZ2XXK7u15qXqVx1GAIziGU3DhAqpwAzWoA4FHeIZXeLOerBfr3fqYtS5Z+cwB/IH1+QPjm5Xh</latexit><latexit sha1_base64="GIQaaO3xO0trvvpK38Nad/6OAMM=">AAACAXicbVBNS8NAEJ34WetX1IvgZbEInkoigl4KRS8eK9gPaGPYbDft0s0m7G4qJdSLf8WLB0W8+i+8+W/ctjlo64OBx3szzMwLEs6Udpxva2l5ZXVtvbBR3Nza3tm19/YbKk4loXUS81i2AqwoZ4LWNdOcthJJcRRw2gwG1xO/OaRSsVjc6VFCvQj3BAsZwdpIvn34gCqoo9LIz1jFHd8LhH2Ghj7z7ZJTdqZAi8TNSQly1Hz7q9ONSRpRoQnHSrVdJ9FehqVmhNNxsZMqmmAywD3aNlTgiCovm34wRidG6aIwlqaERlP190SGI6VGUWA6I6z7at6biP957VSHl17GRJJqKshsUZhypGM0iQN1maRE85EhmEhmbkWkjyUm2oRWNCG48y8vksZZ2XXK7u15qXqVx1GAIziGU3DhAqpwAzWoA4FHeIZXeLOerBfr3fqYtS5Z+cwB/IH1+QPjm5Xh</latexit>

it must be that

ai 2 Z
<latexit sha1_base64="RB69LhnISRkjFm0i6Z/OdVdIg/U=">AAAB+3icbVDLSsNAFL2pr1pftS7dDBbBVUlE0GXRjcsK9oFNCJPppB06mYSZiVhCfsWNC0Xc+iPu/BsnbRbaemDgcM693DMnSDhT2ra/rcra+sbmVnW7trO7t39QP2z0VJxKQrsk5rEcBFhRzgTtaqY5HSSS4ijgtB9Mbwq//0ilYrG417OEehEeCxYygrWR/HoD+wy5TCA3wnoSBNlD7tebdsueA60SpyRNKNHx61/uKCZpRIUmHCs1dOxEexmWmhFO85qbKppgMsVjOjRU4IgqL5tnz9GpUUYojKV5QqO5+nsjw5FSsygwk0VCtewV4n/eMNXhlZcxkaSaCrI4FKYc6RgVRaARk5RoPjMEE8lMVkQmWGKiTV01U4Kz/OVV0jtvOXbLubtotq/LOqpwDCdwBg5cQhtuoQNdIPAEz/AKb1ZuvVjv1sditGKVO0fwB9bnD4IllBc=</latexit><latexit sha1_base64="RB69LhnISRkjFm0i6Z/OdVdIg/U=">AAAB+3icbVDLSsNAFL2pr1pftS7dDBbBVUlE0GXRjcsK9oFNCJPppB06mYSZiVhCfsWNC0Xc+iPu/BsnbRbaemDgcM693DMnSDhT2ra/rcra+sbmVnW7trO7t39QP2z0VJxKQrsk5rEcBFhRzgTtaqY5HSSS4ijgtB9Mbwq//0ilYrG417OEehEeCxYygrWR/HoD+wy5TCA3wnoSBNlD7tebdsueA60SpyRNKNHx61/uKCZpRIUmHCs1dOxEexmWmhFO85qbKppgMsVjOjRU4IgqL5tnz9GpUUYojKV5QqO5+nsjw5FSsygwk0VCtewV4n/eMNXhlZcxkaSaCrI4FKYc6RgVRaARk5RoPjMEE8lMVkQmWGKiTV01U4Kz/OVV0jtvOXbLubtotq/LOqpwDCdwBg5cQhtuoQNdIPAEz/AKb1ZuvVjv1sditGKVO0fwB9bnD4IllBc=</latexit><latexit sha1_base64="RB69LhnISRkjFm0i6Z/OdVdIg/U=">AAAB+3icbVDLSsNAFL2pr1pftS7dDBbBVUlE0GXRjcsK9oFNCJPppB06mYSZiVhCfsWNC0Xc+iPu/BsnbRbaemDgcM693DMnSDhT2ra/rcra+sbmVnW7trO7t39QP2z0VJxKQrsk5rEcBFhRzgTtaqY5HSSS4ijgtB9Mbwq//0ilYrG417OEehEeCxYygrWR/HoD+wy5TCA3wnoSBNlD7tebdsueA60SpyRNKNHx61/uKCZpRIUmHCs1dOxEexmWmhFO85qbKppgMsVjOjRU4IgqL5tnz9GpUUYojKV5QqO5+nsjw5FSsygwk0VCtewV4n/eMNXhlZcxkaSaCrI4FKYc6RgVRaARk5RoPjMEE8lMVkQmWGKiTV01U4Kz/OVV0jtvOXbLubtotq/LOqpwDCdwBg5cQhtuoQNdIPAEz/AKb1ZuvVjv1sditGKVO0fwB9bnD4IllBc=</latexit><latexit sha1_base64="RB69LhnISRkjFm0i6Z/OdVdIg/U=">AAAB+3icbVDLSsNAFL2pr1pftS7dDBbBVUlE0GXRjcsK9oFNCJPppB06mYSZiVhCfsWNC0Xc+iPu/BsnbRbaemDgcM693DMnSDhT2ra/rcra+sbmVnW7trO7t39QP2z0VJxKQrsk5rEcBFhRzgTtaqY5HSSS4ijgtB9Mbwq//0ilYrG417OEehEeCxYygrWR/HoD+wy5TCA3wnoSBNlD7tebdsueA60SpyRNKNHx61/uKCZpRIUmHCs1dOxEexmWmhFO85qbKppgMsVjOjRU4IgqL5tnz9GpUUYojKV5QqO5+nsjw5FSsygwk0VCtewV4n/eMNXhlZcxkaSaCrI4FKYc6RgVRaARk5RoPjMEE8lMVkQmWGKiTV01U4Kz/OVV0jtvOXbLubtotq/LOqpwDCdwBg5cQhtuoQNdIPAEz/AKb1ZuvVjv1sditGKVO0fwB9bnD4IllBc=</latexit>

w 6= 0
<latexit sha1_base64="ZXv4Vm0k60+bGIvrSxff1hRSig4=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbSbt0s0l3N0oJ/RNePCji1b/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hodua3HlFpHssHM0nQj+hA8pAzaqzUfiJdiWPi9soVt+rOQVaJl5MK5Kj3yl/dfszSCKVhgmrd8dzE+BlVhjOB01I31ZhQNqID7FgqaYTaz+b3TsmZVfokjJUtachc/T2R0UjrSRTYzoiaoV72ZuJ/Xic14bWfcZmkBiVbLApTQUxMZs+TPlfIjJhYQpni9lbChlRRZmxEJRuCt/zyKmleVD236t1fVmo3eRxFOIFTOAcPrqAGd1CHBjAQ8Ayv8OaMnRfn3flYtBacfOYY/sD5/AERXI9R</latexit><latexit sha1_base64="ZXv4Vm0k60+bGIvrSxff1hRSig4=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbSbt0s0l3N0oJ/RNePCji1b/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hodua3HlFpHssHM0nQj+hA8pAzaqzUfiJdiWPi9soVt+rOQVaJl5MK5Kj3yl/dfszSCKVhgmrd8dzE+BlVhjOB01I31ZhQNqID7FgqaYTaz+b3TsmZVfokjJUtachc/T2R0UjrSRTYzoiaoV72ZuJ/Xic14bWfcZmkBiVbLApTQUxMZs+TPlfIjJhYQpni9lbChlRRZmxEJRuCt/zyKmleVD236t1fVmo3eRxFOIFTOAcPrqAGd1CHBjAQ8Ayv8OaMnRfn3flYtBacfOYY/sD5/AERXI9R</latexit><latexit sha1_base64="ZXv4Vm0k60+bGIvrSxff1hRSig4=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbSbt0s0l3N0oJ/RNePCji1b/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hodua3HlFpHssHM0nQj+hA8pAzaqzUfiJdiWPi9soVt+rOQVaJl5MK5Kj3yl/dfszSCKVhgmrd8dzE+BlVhjOB01I31ZhQNqID7FgqaYTaz+b3TsmZVfokjJUtachc/T2R0UjrSRTYzoiaoV72ZuJ/Xic14bWfcZmkBiVbLApTQUxMZs+TPlfIjJhYQpni9lbChlRRZmxEJRuCt/zyKmleVD236t1fVmo3eRxFOIFTOAcPrqAGd1CHBjAQ8Ayv8OaMnRfn3flYtBacfOYY/sD5/AERXI9R</latexit><latexit sha1_base64="ZXv4Vm0k60+bGIvrSxff1hRSig4=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbSbt0s0l3N0oJ/RNePCji1b/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hodua3HlFpHssHM0nQj+hA8pAzaqzUfiJdiWPi9soVt+rOQVaJl5MK5Kj3yl/dfszSCKVhgmrd8dzE+BlVhjOB01I31ZhQNqID7FgqaYTaz+b3TsmZVfokjJUtachc/T2R0UjrSRTYzoiaoV72ZuJ/Xic14bWfcZmkBiVbLApTQUxMZs+TPlfIjJhYQpni9lbChlRRZmxEJRuCt/zyKmleVD236t1fVmo3eRxFOIFTOAcPrqAGd1CHBjAQ8Ayv8OaMnRfn3flYtBacfOYY/sD5/AERXI9R</latexit>

||w|| = lmin
<latexit sha1_base64="ygdOPJqEUeYdWak5053ASw20i7g=">AAAB+HicbVBNS8NAEJ3Ur1o/GvXoZbEInkoigl6EohePFewHtCFstpt26WYTdjdKTfpLvHhQxKs/xZv/xm2bg1YfDDzem2FmXpBwprTjfFmlldW19Y3yZmVre2e3au/tt1WcSkJbJOax7AZYUc4EbWmmOe0mkuIo4LQTjK9nfueeSsVicacnCfUiPBQsZARrI/l2Nc8f8hxdIu5nERNT3645dWcO9Je4BalBgaZvf/YHMUkjKjThWKme6yTay7DUjHA6rfRTRRNMxnhIe4YKHFHlZfPDp+jYKAMUxtKU0Giu/pzIcKTUJApMZ4T1SC17M/E/r5fq8MLLmEhSTQVZLApTjnSMZimgAZOUaD4xBBPJzK2IjLDERJusKiYEd/nlv6R9Wnedunt7VmtcFXGU4RCO4ARcOIcG3EATWkAghSd4gVfr0Xq23qz3RWvJKmYO4Besj2/Pn5Ms</latexit><latexit sha1_base64="ygdOPJqEUeYdWak5053ASw20i7g=">AAAB+HicbVBNS8NAEJ3Ur1o/GvXoZbEInkoigl6EohePFewHtCFstpt26WYTdjdKTfpLvHhQxKs/xZv/xm2bg1YfDDzem2FmXpBwprTjfFmlldW19Y3yZmVre2e3au/tt1WcSkJbJOax7AZYUc4EbWmmOe0mkuIo4LQTjK9nfueeSsVicacnCfUiPBQsZARrI/l2Nc8f8hxdIu5nERNT3645dWcO9Je4BalBgaZvf/YHMUkjKjThWKme6yTay7DUjHA6rfRTRRNMxnhIe4YKHFHlZfPDp+jYKAMUxtKU0Giu/pzIcKTUJApMZ4T1SC17M/E/r5fq8MLLmEhSTQVZLApTjnSMZimgAZOUaD4xBBPJzK2IjLDERJusKiYEd/nlv6R9Wnedunt7VmtcFXGU4RCO4ARcOIcG3EATWkAghSd4gVfr0Xq23qz3RWvJKmYO4Besj2/Pn5Ms</latexit><latexit sha1_base64="ygdOPJqEUeYdWak5053ASw20i7g=">AAAB+HicbVBNS8NAEJ3Ur1o/GvXoZbEInkoigl6EohePFewHtCFstpt26WYTdjdKTfpLvHhQxKs/xZv/xm2bg1YfDDzem2FmXpBwprTjfFmlldW19Y3yZmVre2e3au/tt1WcSkJbJOax7AZYUc4EbWmmOe0mkuIo4LQTjK9nfueeSsVicacnCfUiPBQsZARrI/l2Nc8f8hxdIu5nERNT3645dWcO9Je4BalBgaZvf/YHMUkjKjThWKme6yTay7DUjHA6rfRTRRNMxnhIe4YKHFHlZfPDp+jYKAMUxtKU0Giu/pzIcKTUJApMZ4T1SC17M/E/r5fq8MLLmEhSTQVZLApTjnSMZimgAZOUaD4xBBPJzK2IjLDERJusKiYEd/nlv6R9Wnedunt7VmtcFXGU4RCO4ARcOIcG3EATWkAghSd4gVfr0Xq23qz3RWvJKmYO4Besj2/Pn5Ms</latexit><latexit sha1_base64="ygdOPJqEUeYdWak5053ASw20i7g=">AAAB+HicbVBNS8NAEJ3Ur1o/GvXoZbEInkoigl6EohePFewHtCFstpt26WYTdjdKTfpLvHhQxKs/xZv/xm2bg1YfDDzem2FmXpBwprTjfFmlldW19Y3yZmVre2e3au/tt1WcSkJbJOax7AZYUc4EbWmmOe0mkuIo4LQTjK9nfueeSsVicacnCfUiPBQsZARrI/l2Nc8f8hxdIu5nERNT3645dWcO9Je4BalBgaZvf/YHMUkjKjThWKme6yTay7DUjHA6rfRTRRNMxnhIe4YKHFHlZfPDp+jYKAMUxtKU0Giu/pzIcKTUJApMZ4T1SC17M/E/r5fq8MLLmEhSTQVZLApTjnSMZimgAZOUaD4xBBPJzK2IjLDERJusKiYEd/nlv6R9Wnedunt7VmtcFXGU4RCO4ARcOIcG3EATWkAghSd4gVfr0Xq23qz3RWvJKmYO4Besj2/Pn5Ms</latexit>

Shortest Vector Problem (SVP)

If you can solve it in poly-time,  
you can solve any NP problem in poly-time



Lattice problems

Input: B = {vi}in
<latexit sha1_base64="puITA14FhYHSsd8VgsS6rlGEqT4=">AAACCnicbVDLSsNAFJ3UV62vqks3o0VwVRIRdCOUunFZwT6gKWEyvWmHTiZxZlIoIWs3/oobF4q49Qvc+TdO2i609cAMh3Pu5d57/JgzpW372yqsrK6tbxQ3S1vbO7t75f2DlooSSaFJIx7Jjk8UcCagqZnm0IklkNDn0PZHN7nfHoNULBL3ehJDLyQDwQJGiTaSVz52Q6KHfpDWM3yN3RSPPYbdzEvNz+EBi8wrV+yqPQVeJs6cVNAcDa/85fYjmoQgNOVEqa5jx7qXEqkZ5ZCV3ERBTOiIDKBrqCAhqF46PSXDp0bp4yCS5gmNp+rvjpSESk1C31Tmi6tFLxf/87qJDq56KRNxokHQ2aAg4VhHOM8F95kEqvnEEEIlM7tiOiSSUG3SK5kQnMWTl0nrvOrYVefuolKrz+MooiN0gs6Qgy5RDd2iBmoiih7RM3pFb9aT9WK9Wx+z0oI17zlEf2B9/gDWCZm0</latexit><latexit sha1_base64="puITA14FhYHSsd8VgsS6rlGEqT4=">AAACCnicbVDLSsNAFJ3UV62vqks3o0VwVRIRdCOUunFZwT6gKWEyvWmHTiZxZlIoIWs3/oobF4q49Qvc+TdO2i609cAMh3Pu5d57/JgzpW372yqsrK6tbxQ3S1vbO7t75f2DlooSSaFJIx7Jjk8UcCagqZnm0IklkNDn0PZHN7nfHoNULBL3ehJDLyQDwQJGiTaSVz52Q6KHfpDWM3yN3RSPPYbdzEvNz+EBi8wrV+yqPQVeJs6cVNAcDa/85fYjmoQgNOVEqa5jx7qXEqkZ5ZCV3ERBTOiIDKBrqCAhqF46PSXDp0bp4yCS5gmNp+rvjpSESk1C31Tmi6tFLxf/87qJDq56KRNxokHQ2aAg4VhHOM8F95kEqvnEEEIlM7tiOiSSUG3SK5kQnMWTl0nrvOrYVefuolKrz+MooiN0gs6Qgy5RDd2iBmoiih7RM3pFb9aT9WK9Wx+z0oI17zlEf2B9/gDWCZm0</latexit><latexit sha1_base64="puITA14FhYHSsd8VgsS6rlGEqT4=">AAACCnicbVDLSsNAFJ3UV62vqks3o0VwVRIRdCOUunFZwT6gKWEyvWmHTiZxZlIoIWs3/oobF4q49Qvc+TdO2i609cAMh3Pu5d57/JgzpW372yqsrK6tbxQ3S1vbO7t75f2DlooSSaFJIx7Jjk8UcCagqZnm0IklkNDn0PZHN7nfHoNULBL3ehJDLyQDwQJGiTaSVz52Q6KHfpDWM3yN3RSPPYbdzEvNz+EBi8wrV+yqPQVeJs6cVNAcDa/85fYjmoQgNOVEqa5jx7qXEqkZ5ZCV3ERBTOiIDKBrqCAhqF46PSXDp0bp4yCS5gmNp+rvjpSESk1C31Tmi6tFLxf/87qJDq56KRNxokHQ2aAg4VhHOM8F95kEqvnEEEIlM7tiOiSSUG3SK5kQnMWTl0nrvOrYVefuolKrz+MooiN0gs6Qgy5RDd2iBmoiih7RM3pFb9aT9WK9Wx+z0oI17zlEf2B9/gDWCZm0</latexit><latexit sha1_base64="puITA14FhYHSsd8VgsS6rlGEqT4=">AAACCnicbVDLSsNAFJ3UV62vqks3o0VwVRIRdCOUunFZwT6gKWEyvWmHTiZxZlIoIWs3/oobF4q49Qvc+TdO2i609cAMh3Pu5d57/JgzpW372yqsrK6tbxQ3S1vbO7t75f2DlooSSaFJIx7Jjk8UcCagqZnm0IklkNDn0PZHN7nfHoNULBL3ehJDLyQDwQJGiTaSVz52Q6KHfpDWM3yN3RSPPYbdzEvNz+EBi8wrV+yqPQVeJs6cVNAcDa/85fYjmoQgNOVEqa5jx7qXEqkZ5ZCV3ERBTOiIDKBrqCAhqF46PSXDp0bp4yCS5gmNp+rvjpSESk1C31Tmi6tFLxf/87qJDq56KRNxokHQ2aAg4VhHOM8F95kEqvnEEEIlM7tiOiSSUG3SK5kQnMWTl0nrvOrYVefuolKrz+MooiN0gs6Qgy5RDd2iBmoiih7RM3pFb9aT9WK9Wx+z0oI17zlEf2B9/gDWCZm0</latexit>

{ai}in
<latexit sha1_base64="MN2ySZMWx5y6K32WrCq/Dq3A370=">AAAB/XicbVDLSsNAFL2pr1pf8bFzM1gEVyURQZdFNy4r2FZoQphMJ+3QySTOTIQagr/ixoUibv0Pd/6N0zYLbT1wL4dz7mXunDDlTGnH+bYqS8srq2vV9drG5tb2jr2711FJJgltk4Qn8i7EinImaFszzeldKimOQ0674ehq4ncfqFQsEbd6nFI/xgPBIkawNlJgH3g5wgFDXhHkpnN6j0QR2HWn4UyBFolbkjqUaAX2l9dPSBZToQnHSvVcJ9V+jqVmhNOi5mWKppiM8ID2DBU4psrPp9cX6NgofRQl0pTQaKr+3shxrNQ4Ds1kjPVQzXsT8T+vl+nows+ZSDNNBZk9FGUc6QRNokB9JinRfGwIJpKZWxEZYomJNoHVTAju/JcXSee04ToN9+as3rws46jCIRzBCbhwDk24hha0gcAjPMMrvFlP1ov1bn3MRitWubMPf2B9/gB+I5SY</latexit><latexit sha1_base64="MN2ySZMWx5y6K32WrCq/Dq3A370=">AAAB/XicbVDLSsNAFL2pr1pf8bFzM1gEVyURQZdFNy4r2FZoQphMJ+3QySTOTIQagr/ixoUibv0Pd/6N0zYLbT1wL4dz7mXunDDlTGnH+bYqS8srq2vV9drG5tb2jr2711FJJgltk4Qn8i7EinImaFszzeldKimOQ0674ehq4ncfqFQsEbd6nFI/xgPBIkawNlJgH3g5wgFDXhHkpnN6j0QR2HWn4UyBFolbkjqUaAX2l9dPSBZToQnHSvVcJ9V+jqVmhNOi5mWKppiM8ID2DBU4psrPp9cX6NgofRQl0pTQaKr+3shxrNQ4Ds1kjPVQzXsT8T+vl+nows+ZSDNNBZk9FGUc6QRNokB9JinRfGwIJpKZWxEZYomJNoHVTAju/JcXSee04ToN9+as3rws46jCIRzBCbhwDk24hha0gcAjPMMrvFlP1ov1bn3MRitWubMPf2B9/gB+I5SY</latexit><latexit sha1_base64="MN2ySZMWx5y6K32WrCq/Dq3A370=">AAAB/XicbVDLSsNAFL2pr1pf8bFzM1gEVyURQZdFNy4r2FZoQphMJ+3QySTOTIQagr/ixoUibv0Pd/6N0zYLbT1wL4dz7mXunDDlTGnH+bYqS8srq2vV9drG5tb2jr2711FJJgltk4Qn8i7EinImaFszzeldKimOQ0674ehq4ncfqFQsEbd6nFI/xgPBIkawNlJgH3g5wgFDXhHkpnN6j0QR2HWn4UyBFolbkjqUaAX2l9dPSBZToQnHSvVcJ9V+jqVmhNOi5mWKppiM8ID2DBU4psrPp9cX6NgofRQl0pTQaKr+3shxrNQ4Ds1kjPVQzXsT8T+vl+nows+ZSDNNBZk9FGUc6QRNokB9JinRfGwIJpKZWxEZYomJNoHVTAju/JcXSee04ToN9+as3rws46jCIRzBCbhwDk24hha0gcAjPMMrvFlP1ov1bn3MRitWubMPf2B9/gB+I5SY</latexit><latexit sha1_base64="MN2ySZMWx5y6K32WrCq/Dq3A370=">AAAB/XicbVDLSsNAFL2pr1pf8bFzM1gEVyURQZdFNy4r2FZoQphMJ+3QySTOTIQagr/ixoUibv0Pd/6N0zYLbT1wL4dz7mXunDDlTGnH+bYqS8srq2vV9drG5tb2jr2711FJJgltk4Qn8i7EinImaFszzeldKimOQ0674ehq4ncfqFQsEbd6nFI/xgPBIkawNlJgH3g5wgFDXhHkpnN6j0QR2HWn4UyBFolbkjqUaAX2l9dPSBZToQnHSvVcJ9V+jqVmhNOi5mWKppiM8ID2DBU4psrPp9cX6NgofRQl0pTQaKr+3shxrNQ4Ds1kjPVQzXsT8T+vl+nows+ZSDNNBZk9FGUc6QRNokB9JinRfGwIJpKZWxEZYomJNoHVTAju/JcXSee04ToN9+as3rws46jCIRzBCbhwDk24hha0gcAjPMMrvFlP1ov1bn3MRitWubMPf2B9/gB+I5SY</latexit>

Output: 

Such that for w =
nX

i=1

aivi
<latexit sha1_base64="GIQaaO3xO0trvvpK38Nad/6OAMM=">AAACAXicbVBNS8NAEJ34WetX1IvgZbEInkoigl4KRS8eK9gPaGPYbDft0s0m7G4qJdSLf8WLB0W8+i+8+W/ctjlo64OBx3szzMwLEs6Udpxva2l5ZXVtvbBR3Nza3tm19/YbKk4loXUS81i2AqwoZ4LWNdOcthJJcRRw2gwG1xO/OaRSsVjc6VFCvQj3BAsZwdpIvn34gCqoo9LIz1jFHd8LhH2Ghj7z7ZJTdqZAi8TNSQly1Hz7q9ONSRpRoQnHSrVdJ9FehqVmhNNxsZMqmmAywD3aNlTgiCovm34wRidG6aIwlqaERlP190SGI6VGUWA6I6z7at6biP957VSHl17GRJJqKshsUZhypGM0iQN1maRE85EhmEhmbkWkjyUm2oRWNCG48y8vksZZ2XXK7u15qXqVx1GAIziGU3DhAqpwAzWoA4FHeIZXeLOerBfr3fqYtS5Z+cwB/IH1+QPjm5Xh</latexit><latexit sha1_base64="GIQaaO3xO0trvvpK38Nad/6OAMM=">AAACAXicbVBNS8NAEJ34WetX1IvgZbEInkoigl4KRS8eK9gPaGPYbDft0s0m7G4qJdSLf8WLB0W8+i+8+W/ctjlo64OBx3szzMwLEs6Udpxva2l5ZXVtvbBR3Nza3tm19/YbKk4loXUS81i2AqwoZ4LWNdOcthJJcRRw2gwG1xO/OaRSsVjc6VFCvQj3BAsZwdpIvn34gCqoo9LIz1jFHd8LhH2Ghj7z7ZJTdqZAi8TNSQly1Hz7q9ONSRpRoQnHSrVdJ9FehqVmhNNxsZMqmmAywD3aNlTgiCovm34wRidG6aIwlqaERlP190SGI6VGUWA6I6z7at6biP957VSHl17GRJJqKshsUZhypGM0iQN1maRE85EhmEhmbkWkjyUm2oRWNCG48y8vksZZ2XXK7u15qXqVx1GAIziGU3DhAqpwAzWoA4FHeIZXeLOerBfr3fqYtS5Z+cwB/IH1+QPjm5Xh</latexit><latexit sha1_base64="GIQaaO3xO0trvvpK38Nad/6OAMM=">AAACAXicbVBNS8NAEJ34WetX1IvgZbEInkoigl4KRS8eK9gPaGPYbDft0s0m7G4qJdSLf8WLB0W8+i+8+W/ctjlo64OBx3szzMwLEs6Udpxva2l5ZXVtvbBR3Nza3tm19/YbKk4loXUS81i2AqwoZ4LWNdOcthJJcRRw2gwG1xO/OaRSsVjc6VFCvQj3BAsZwdpIvn34gCqoo9LIz1jFHd8LhH2Ghj7z7ZJTdqZAi8TNSQly1Hz7q9ONSRpRoQnHSrVdJ9FehqVmhNNxsZMqmmAywD3aNlTgiCovm34wRidG6aIwlqaERlP190SGI6VGUWA6I6z7at6biP957VSHl17GRJJqKshsUZhypGM0iQN1maRE85EhmEhmbkWkjyUm2oRWNCG48y8vksZZ2XXK7u15qXqVx1GAIziGU3DhAqpwAzWoA4FHeIZXeLOerBfr3fqYtS5Z+cwB/IH1+QPjm5Xh</latexit><latexit sha1_base64="GIQaaO3xO0trvvpK38Nad/6OAMM=">AAACAXicbVBNS8NAEJ34WetX1IvgZbEInkoigl4KRS8eK9gPaGPYbDft0s0m7G4qJdSLf8WLB0W8+i+8+W/ctjlo64OBx3szzMwLEs6Udpxva2l5ZXVtvbBR3Nza3tm19/YbKk4loXUS81i2AqwoZ4LWNdOcthJJcRRw2gwG1xO/OaRSsVjc6VFCvQj3BAsZwdpIvn34gCqoo9LIz1jFHd8LhH2Ghj7z7ZJTdqZAi8TNSQly1Hz7q9ONSRpRoQnHSrVdJ9FehqVmhNNxsZMqmmAywD3aNlTgiCovm34wRidG6aIwlqaERlP190SGI6VGUWA6I6z7at6biP957VSHl17GRJJqKshsUZhypGM0iQN1maRE85EhmEhmbkWkjyUm2oRWNCG48y8vksZZ2XXK7u15qXqVx1GAIziGU3DhAqpwAzWoA4FHeIZXeLOerBfr3fqYtS5Z+cwB/IH1+QPjm5Xh</latexit>

it must be that

ai 2 Z
<latexit sha1_base64="RB69LhnISRkjFm0i6Z/OdVdIg/U=">AAAB+3icbVDLSsNAFL2pr1pftS7dDBbBVUlE0GXRjcsK9oFNCJPppB06mYSZiVhCfsWNC0Xc+iPu/BsnbRbaemDgcM693DMnSDhT2ra/rcra+sbmVnW7trO7t39QP2z0VJxKQrsk5rEcBFhRzgTtaqY5HSSS4ijgtB9Mbwq//0ilYrG417OEehEeCxYygrWR/HoD+wy5TCA3wnoSBNlD7tebdsueA60SpyRNKNHx61/uKCZpRIUmHCs1dOxEexmWmhFO85qbKppgMsVjOjRU4IgqL5tnz9GpUUYojKV5QqO5+nsjw5FSsygwk0VCtewV4n/eMNXhlZcxkaSaCrI4FKYc6RgVRaARk5RoPjMEE8lMVkQmWGKiTV01U4Kz/OVV0jtvOXbLubtotq/LOqpwDCdwBg5cQhtuoQNdIPAEz/AKb1ZuvVjv1sditGKVO0fwB9bnD4IllBc=</latexit><latexit sha1_base64="RB69LhnISRkjFm0i6Z/OdVdIg/U=">AAAB+3icbVDLSsNAFL2pr1pftS7dDBbBVUlE0GXRjcsK9oFNCJPppB06mYSZiVhCfsWNC0Xc+iPu/BsnbRbaemDgcM693DMnSDhT2ra/rcra+sbmVnW7trO7t39QP2z0VJxKQrsk5rEcBFhRzgTtaqY5HSSS4ijgtB9Mbwq//0ilYrG417OEehEeCxYygrWR/HoD+wy5TCA3wnoSBNlD7tebdsueA60SpyRNKNHx61/uKCZpRIUmHCs1dOxEexmWmhFO85qbKppgMsVjOjRU4IgqL5tnz9GpUUYojKV5QqO5+nsjw5FSsygwk0VCtewV4n/eMNXhlZcxkaSaCrI4FKYc6RgVRaARk5RoPjMEE8lMVkQmWGKiTV01U4Kz/OVV0jtvOXbLubtotq/LOqpwDCdwBg5cQhtuoQNdIPAEz/AKb1ZuvVjv1sditGKVO0fwB9bnD4IllBc=</latexit><latexit sha1_base64="RB69LhnISRkjFm0i6Z/OdVdIg/U=">AAAB+3icbVDLSsNAFL2pr1pftS7dDBbBVUlE0GXRjcsK9oFNCJPppB06mYSZiVhCfsWNC0Xc+iPu/BsnbRbaemDgcM693DMnSDhT2ra/rcra+sbmVnW7trO7t39QP2z0VJxKQrsk5rEcBFhRzgTtaqY5HSSS4ijgtB9Mbwq//0ilYrG417OEehEeCxYygrWR/HoD+wy5TCA3wnoSBNlD7tebdsueA60SpyRNKNHx61/uKCZpRIUmHCs1dOxEexmWmhFO85qbKppgMsVjOjRU4IgqL5tnz9GpUUYojKV5QqO5+nsjw5FSsygwk0VCtewV4n/eMNXhlZcxkaSaCrI4FKYc6RgVRaARk5RoPjMEE8lMVkQmWGKiTV01U4Kz/OVV0jtvOXbLubtotq/LOqpwDCdwBg5cQhtuoQNdIPAEz/AKb1ZuvVjv1sditGKVO0fwB9bnD4IllBc=</latexit><latexit sha1_base64="RB69LhnISRkjFm0i6Z/OdVdIg/U=">AAAB+3icbVDLSsNAFL2pr1pftS7dDBbBVUlE0GXRjcsK9oFNCJPppB06mYSZiVhCfsWNC0Xc+iPu/BsnbRbaemDgcM693DMnSDhT2ra/rcra+sbmVnW7trO7t39QP2z0VJxKQrsk5rEcBFhRzgTtaqY5HSSS4ijgtB9Mbwq//0ilYrG417OEehEeCxYygrWR/HoD+wy5TCA3wnoSBNlD7tebdsueA60SpyRNKNHx61/uKCZpRIUmHCs1dOxEexmWmhFO85qbKppgMsVjOjRU4IgqL5tnz9GpUUYojKV5QqO5+nsjw5FSsygwk0VCtewV4n/eMNXhlZcxkaSaCrI4FKYc6RgVRaARk5RoPjMEE8lMVkQmWGKiTV01U4Kz/OVV0jtvOXbLubtotq/LOqpwDCdwBg5cQhtuoQNdIPAEz/AKb1ZuvVjv1sditGKVO0fwB9bnD4IllBc=</latexit>

w 6= 0
<latexit sha1_base64="ZXv4Vm0k60+bGIvrSxff1hRSig4=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbSbt0s0l3N0oJ/RNePCji1b/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hodua3HlFpHssHM0nQj+hA8pAzaqzUfiJdiWPi9soVt+rOQVaJl5MK5Kj3yl/dfszSCKVhgmrd8dzE+BlVhjOB01I31ZhQNqID7FgqaYTaz+b3TsmZVfokjJUtachc/T2R0UjrSRTYzoiaoV72ZuJ/Xic14bWfcZmkBiVbLApTQUxMZs+TPlfIjJhYQpni9lbChlRRZmxEJRuCt/zyKmleVD236t1fVmo3eRxFOIFTOAcPrqAGd1CHBjAQ8Ayv8OaMnRfn3flYtBacfOYY/sD5/AERXI9R</latexit><latexit sha1_base64="ZXv4Vm0k60+bGIvrSxff1hRSig4=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbSbt0s0l3N0oJ/RNePCji1b/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hodua3HlFpHssHM0nQj+hA8pAzaqzUfiJdiWPi9soVt+rOQVaJl5MK5Kj3yl/dfszSCKVhgmrd8dzE+BlVhjOB01I31ZhQNqID7FgqaYTaz+b3TsmZVfokjJUtachc/T2R0UjrSRTYzoiaoV72ZuJ/Xic14bWfcZmkBiVbLApTQUxMZs+TPlfIjJhYQpni9lbChlRRZmxEJRuCt/zyKmleVD236t1fVmo3eRxFOIFTOAcPrqAGd1CHBjAQ8Ayv8OaMnRfn3flYtBacfOYY/sD5/AERXI9R</latexit><latexit sha1_base64="ZXv4Vm0k60+bGIvrSxff1hRSig4=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbSbt0s0l3N0oJ/RNePCji1b/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hodua3HlFpHssHM0nQj+hA8pAzaqzUfiJdiWPi9soVt+rOQVaJl5MK5Kj3yl/dfszSCKVhgmrd8dzE+BlVhjOB01I31ZhQNqID7FgqaYTaz+b3TsmZVfokjJUtachc/T2R0UjrSRTYzoiaoV72ZuJ/Xic14bWfcZmkBiVbLApTQUxMZs+TPlfIjJhYQpni9lbChlRRZmxEJRuCt/zyKmleVD236t1fVmo3eRxFOIFTOAcPrqAGd1CHBjAQ8Ayv8OaMnRfn3flYtBacfOYY/sD5/AERXI9R</latexit><latexit sha1_base64="ZXv4Vm0k60+bGIvrSxff1hRSig4=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbSbt0s0l3N0oJ/RNePCji1b/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hodua3HlFpHssHM0nQj+hA8pAzaqzUfiJdiWPi9soVt+rOQVaJl5MK5Kj3yl/dfszSCKVhgmrd8dzE+BlVhjOB01I31ZhQNqID7FgqaYTaz+b3TsmZVfokjJUtachc/T2R0UjrSRTYzoiaoV72ZuJ/Xic14bWfcZmkBiVbLApTQUxMZs+TPlfIjJhYQpni9lbChlRRZmxEJRuCt/zyKmleVD236t1fVmo3eRxFOIFTOAcPrqAGd1CHBjAQ8Ayv8OaMnRfn3flYtBacfOYY/sD5/AERXI9R</latexit>

||w|| = lmin
<latexit sha1_base64="ygdOPJqEUeYdWak5053ASw20i7g=">AAAB+HicbVBNS8NAEJ3Ur1o/GvXoZbEInkoigl6EohePFewHtCFstpt26WYTdjdKTfpLvHhQxKs/xZv/xm2bg1YfDDzem2FmXpBwprTjfFmlldW19Y3yZmVre2e3au/tt1WcSkJbJOax7AZYUc4EbWmmOe0mkuIo4LQTjK9nfueeSsVicacnCfUiPBQsZARrI/l2Nc8f8hxdIu5nERNT3645dWcO9Je4BalBgaZvf/YHMUkjKjThWKme6yTay7DUjHA6rfRTRRNMxnhIe4YKHFHlZfPDp+jYKAMUxtKU0Giu/pzIcKTUJApMZ4T1SC17M/E/r5fq8MLLmEhSTQVZLApTjnSMZimgAZOUaD4xBBPJzK2IjLDERJusKiYEd/nlv6R9Wnedunt7VmtcFXGU4RCO4ARcOIcG3EATWkAghSd4gVfr0Xq23qz3RWvJKmYO4Besj2/Pn5Ms</latexit><latexit sha1_base64="ygdOPJqEUeYdWak5053ASw20i7g=">AAAB+HicbVBNS8NAEJ3Ur1o/GvXoZbEInkoigl6EohePFewHtCFstpt26WYTdjdKTfpLvHhQxKs/xZv/xm2bg1YfDDzem2FmXpBwprTjfFmlldW19Y3yZmVre2e3au/tt1WcSkJbJOax7AZYUc4EbWmmOe0mkuIo4LQTjK9nfueeSsVicacnCfUiPBQsZARrI/l2Nc8f8hxdIu5nERNT3645dWcO9Je4BalBgaZvf/YHMUkjKjThWKme6yTay7DUjHA6rfRTRRNMxnhIe4YKHFHlZfPDp+jYKAMUxtKU0Giu/pzIcKTUJApMZ4T1SC17M/E/r5fq8MLLmEhSTQVZLApTjnSMZimgAZOUaD4xBBPJzK2IjLDERJusKiYEd/nlv6R9Wnedunt7VmtcFXGU4RCO4ARcOIcG3EATWkAghSd4gVfr0Xq23qz3RWvJKmYO4Besj2/Pn5Ms</latexit><latexit sha1_base64="ygdOPJqEUeYdWak5053ASw20i7g=">AAAB+HicbVBNS8NAEJ3Ur1o/GvXoZbEInkoigl6EohePFewHtCFstpt26WYTdjdKTfpLvHhQxKs/xZv/xm2bg1YfDDzem2FmXpBwprTjfFmlldW19Y3yZmVre2e3au/tt1WcSkJbJOax7AZYUc4EbWmmOe0mkuIo4LQTjK9nfueeSsVicacnCfUiPBQsZARrI/l2Nc8f8hxdIu5nERNT3645dWcO9Je4BalBgaZvf/YHMUkjKjThWKme6yTay7DUjHA6rfRTRRNMxnhIe4YKHFHlZfPDp+jYKAMUxtKU0Giu/pzIcKTUJApMZ4T1SC17M/E/r5fq8MLLmEhSTQVZLApTjnSMZimgAZOUaD4xBBPJzK2IjLDERJusKiYEd/nlv6R9Wnedunt7VmtcFXGU4RCO4ARcOIcG3EATWkAghSd4gVfr0Xq23qz3RWvJKmYO4Besj2/Pn5Ms</latexit><latexit sha1_base64="ygdOPJqEUeYdWak5053ASw20i7g=">AAAB+HicbVBNS8NAEJ3Ur1o/GvXoZbEInkoigl6EohePFewHtCFstpt26WYTdjdKTfpLvHhQxKs/xZv/xm2bg1YfDDzem2FmXpBwprTjfFmlldW19Y3yZmVre2e3au/tt1WcSkJbJOax7AZYUc4EbWmmOe0mkuIo4LQTjK9nfueeSsVicacnCfUiPBQsZARrI/l2Nc8f8hxdIu5nERNT3645dWcO9Je4BalBgaZvf/YHMUkjKjThWKme6yTay7DUjHA6rfRTRRNMxnhIe4YKHFHlZfPDp+jYKAMUxtKU0Giu/pzIcKTUJApMZ4T1SC17M/E/r5fq8MLLmEhSTQVZLApTjnSMZimgAZOUaD4xBBPJzK2IjLDERJusKiYEd/nlv6R9Wnedunt7VmtcFXGU4RCO4ARcOIcG3EATWkAghSd4gVfr0Xq23qz3RWvJKmYO4Besj2/Pn5Ms</latexit>

Shortest Vector Problem (SVP)

Problem is NP-hard
There’s also a similar problem called  

Closest Vector Problem (CVP)



Lattice problems

Input: B = {vi}in
<latexit sha1_base64="puITA14FhYHSsd8VgsS6rlGEqT4=">AAACCnicbVDLSsNAFJ3UV62vqks3o0VwVRIRdCOUunFZwT6gKWEyvWmHTiZxZlIoIWs3/oobF4q49Qvc+TdO2i609cAMh3Pu5d57/JgzpW372yqsrK6tbxQ3S1vbO7t75f2DlooSSaFJIx7Jjk8UcCagqZnm0IklkNDn0PZHN7nfHoNULBL3ehJDLyQDwQJGiTaSVz52Q6KHfpDWM3yN3RSPPYbdzEvNz+EBi8wrV+yqPQVeJs6cVNAcDa/85fYjmoQgNOVEqa5jx7qXEqkZ5ZCV3ERBTOiIDKBrqCAhqF46PSXDp0bp4yCS5gmNp+rvjpSESk1C31Tmi6tFLxf/87qJDq56KRNxokHQ2aAg4VhHOM8F95kEqvnEEEIlM7tiOiSSUG3SK5kQnMWTl0nrvOrYVefuolKrz+MooiN0gs6Qgy5RDd2iBmoiih7RM3pFb9aT9WK9Wx+z0oI17zlEf2B9/gDWCZm0</latexit><latexit sha1_base64="puITA14FhYHSsd8VgsS6rlGEqT4=">AAACCnicbVDLSsNAFJ3UV62vqks3o0VwVRIRdCOUunFZwT6gKWEyvWmHTiZxZlIoIWs3/oobF4q49Qvc+TdO2i609cAMh3Pu5d57/JgzpW372yqsrK6tbxQ3S1vbO7t75f2DlooSSaFJIx7Jjk8UcCagqZnm0IklkNDn0PZHN7nfHoNULBL3ehJDLyQDwQJGiTaSVz52Q6KHfpDWM3yN3RSPPYbdzEvNz+EBi8wrV+yqPQVeJs6cVNAcDa/85fYjmoQgNOVEqa5jx7qXEqkZ5ZCV3ERBTOiIDKBrqCAhqF46PSXDp0bp4yCS5gmNp+rvjpSESk1C31Tmi6tFLxf/87qJDq56KRNxokHQ2aAg4VhHOM8F95kEqvnEEEIlM7tiOiSSUG3SK5kQnMWTl0nrvOrYVefuolKrz+MooiN0gs6Qgy5RDd2iBmoiih7RM3pFb9aT9WK9Wx+z0oI17zlEf2B9/gDWCZm0</latexit><latexit sha1_base64="puITA14FhYHSsd8VgsS6rlGEqT4=">AAACCnicbVDLSsNAFJ3UV62vqks3o0VwVRIRdCOUunFZwT6gKWEyvWmHTiZxZlIoIWs3/oobF4q49Qvc+TdO2i609cAMh3Pu5d57/JgzpW372yqsrK6tbxQ3S1vbO7t75f2DlooSSaFJIx7Jjk8UcCagqZnm0IklkNDn0PZHN7nfHoNULBL3ehJDLyQDwQJGiTaSVz52Q6KHfpDWM3yN3RSPPYbdzEvNz+EBi8wrV+yqPQVeJs6cVNAcDa/85fYjmoQgNOVEqa5jx7qXEqkZ5ZCV3ERBTOiIDKBrqCAhqF46PSXDp0bp4yCS5gmNp+rvjpSESk1C31Tmi6tFLxf/87qJDq56KRNxokHQ2aAg4VhHOM8F95kEqvnEEEIlM7tiOiSSUG3SK5kQnMWTl0nrvOrYVefuolKrz+MooiN0gs6Qgy5RDd2iBmoiih7RM3pFb9aT9WK9Wx+z0oI17zlEf2B9/gDWCZm0</latexit><latexit sha1_base64="puITA14FhYHSsd8VgsS6rlGEqT4=">AAACCnicbVDLSsNAFJ3UV62vqks3o0VwVRIRdCOUunFZwT6gKWEyvWmHTiZxZlIoIWs3/oobF4q49Qvc+TdO2i609cAMh3Pu5d57/JgzpW372yqsrK6tbxQ3S1vbO7t75f2DlooSSaFJIx7Jjk8UcCagqZnm0IklkNDn0PZHN7nfHoNULBL3ehJDLyQDwQJGiTaSVz52Q6KHfpDWM3yN3RSPPYbdzEvNz+EBi8wrV+yqPQVeJs6cVNAcDa/85fYjmoQgNOVEqa5jx7qXEqkZ5ZCV3ERBTOiIDKBrqCAhqF46PSXDp0bp4yCS5gmNp+rvjpSESk1C31Tmi6tFLxf/87qJDq56KRNxokHQ2aAg4VhHOM8F95kEqvnEEEIlM7tiOiSSUG3SK5kQnMWTl0nrvOrYVefuolKrz+MooiN0gs6Qgy5RDd2iBmoiih7RM3pFb9aT9WK9Wx+z0oI17zlEf2B9/gDWCZm0</latexit>

{ai}in
<latexit sha1_base64="MN2ySZMWx5y6K32WrCq/Dq3A370=">AAAB/XicbVDLSsNAFL2pr1pf8bFzM1gEVyURQZdFNy4r2FZoQphMJ+3QySTOTIQagr/ixoUibv0Pd/6N0zYLbT1wL4dz7mXunDDlTGnH+bYqS8srq2vV9drG5tb2jr2711FJJgltk4Qn8i7EinImaFszzeldKimOQ0674ehq4ncfqFQsEbd6nFI/xgPBIkawNlJgH3g5wgFDXhHkpnN6j0QR2HWn4UyBFolbkjqUaAX2l9dPSBZToQnHSvVcJ9V+jqVmhNOi5mWKppiM8ID2DBU4psrPp9cX6NgofRQl0pTQaKr+3shxrNQ4Ds1kjPVQzXsT8T+vl+nows+ZSDNNBZk9FGUc6QRNokB9JinRfGwIJpKZWxEZYomJNoHVTAju/JcXSee04ToN9+as3rws46jCIRzBCbhwDk24hha0gcAjPMMrvFlP1ov1bn3MRitWubMPf2B9/gB+I5SY</latexit><latexit sha1_base64="MN2ySZMWx5y6K32WrCq/Dq3A370=">AAAB/XicbVDLSsNAFL2pr1pf8bFzM1gEVyURQZdFNy4r2FZoQphMJ+3QySTOTIQagr/ixoUibv0Pd/6N0zYLbT1wL4dz7mXunDDlTGnH+bYqS8srq2vV9drG5tb2jr2711FJJgltk4Qn8i7EinImaFszzeldKimOQ0674ehq4ncfqFQsEbd6nFI/xgPBIkawNlJgH3g5wgFDXhHkpnN6j0QR2HWn4UyBFolbkjqUaAX2l9dPSBZToQnHSvVcJ9V+jqVmhNOi5mWKppiM8ID2DBU4psrPp9cX6NgofRQl0pTQaKr+3shxrNQ4Ds1kjPVQzXsT8T+vl+nows+ZSDNNBZk9FGUc6QRNokB9JinRfGwIJpKZWxEZYomJNoHVTAju/JcXSee04ToN9+as3rws46jCIRzBCbhwDk24hha0gcAjPMMrvFlP1ov1bn3MRitWubMPf2B9/gB+I5SY</latexit><latexit sha1_base64="MN2ySZMWx5y6K32WrCq/Dq3A370=">AAAB/XicbVDLSsNAFL2pr1pf8bFzM1gEVyURQZdFNy4r2FZoQphMJ+3QySTOTIQagr/ixoUibv0Pd/6N0zYLbT1wL4dz7mXunDDlTGnH+bYqS8srq2vV9drG5tb2jr2711FJJgltk4Qn8i7EinImaFszzeldKimOQ0674ehq4ncfqFQsEbd6nFI/xgPBIkawNlJgH3g5wgFDXhHkpnN6j0QR2HWn4UyBFolbkjqUaAX2l9dPSBZToQnHSvVcJ9V+jqVmhNOi5mWKppiM8ID2DBU4psrPp9cX6NgofRQl0pTQaKr+3shxrNQ4Ds1kjPVQzXsT8T+vl+nows+ZSDNNBZk9FGUc6QRNokB9JinRfGwIJpKZWxEZYomJNoHVTAju/JcXSee04ToN9+as3rws46jCIRzBCbhwDk24hha0gcAjPMMrvFlP1ov1bn3MRitWubMPf2B9/gB+I5SY</latexit><latexit sha1_base64="MN2ySZMWx5y6K32WrCq/Dq3A370=">AAAB/XicbVDLSsNAFL2pr1pf8bFzM1gEVyURQZdFNy4r2FZoQphMJ+3QySTOTIQagr/ixoUibv0Pd/6N0zYLbT1wL4dz7mXunDDlTGnH+bYqS8srq2vV9drG5tb2jr2711FJJgltk4Qn8i7EinImaFszzeldKimOQ0674ehq4ncfqFQsEbd6nFI/xgPBIkawNlJgH3g5wgFDXhHkpnN6j0QR2HWn4UyBFolbkjqUaAX2l9dPSBZToQnHSvVcJ9V+jqVmhNOi5mWKppiM8ID2DBU4psrPp9cX6NgofRQl0pTQaKr+3shxrNQ4Ds1kjPVQzXsT8T+vl+nows+ZSDNNBZk9FGUc6QRNokB9JinRfGwIJpKZWxEZYomJNoHVTAju/JcXSee04ToN9+as3rws46jCIRzBCbhwDk24hha0gcAjPMMrvFlP1ov1bn3MRitWubMPf2B9/gB+I5SY</latexit>

Output: 

Such that for w =
nX

i=1

aivi
<latexit sha1_base64="GIQaaO3xO0trvvpK38Nad/6OAMM=">AAACAXicbVBNS8NAEJ34WetX1IvgZbEInkoigl4KRS8eK9gPaGPYbDft0s0m7G4qJdSLf8WLB0W8+i+8+W/ctjlo64OBx3szzMwLEs6Udpxva2l5ZXVtvbBR3Nza3tm19/YbKk4loXUS81i2AqwoZ4LWNdOcthJJcRRw2gwG1xO/OaRSsVjc6VFCvQj3BAsZwdpIvn34gCqoo9LIz1jFHd8LhH2Ghj7z7ZJTdqZAi8TNSQly1Hz7q9ONSRpRoQnHSrVdJ9FehqVmhNNxsZMqmmAywD3aNlTgiCovm34wRidG6aIwlqaERlP190SGI6VGUWA6I6z7at6biP957VSHl17GRJJqKshsUZhypGM0iQN1maRE85EhmEhmbkWkjyUm2oRWNCG48y8vksZZ2XXK7u15qXqVx1GAIziGU3DhAqpwAzWoA4FHeIZXeLOerBfr3fqYtS5Z+cwB/IH1+QPjm5Xh</latexit><latexit sha1_base64="GIQaaO3xO0trvvpK38Nad/6OAMM=">AAACAXicbVBNS8NAEJ34WetX1IvgZbEInkoigl4KRS8eK9gPaGPYbDft0s0m7G4qJdSLf8WLB0W8+i+8+W/ctjlo64OBx3szzMwLEs6Udpxva2l5ZXVtvbBR3Nza3tm19/YbKk4loXUS81i2AqwoZ4LWNdOcthJJcRRw2gwG1xO/OaRSsVjc6VFCvQj3BAsZwdpIvn34gCqoo9LIz1jFHd8LhH2Ghj7z7ZJTdqZAi8TNSQly1Hz7q9ONSRpRoQnHSrVdJ9FehqVmhNNxsZMqmmAywD3aNlTgiCovm34wRidG6aIwlqaERlP190SGI6VGUWA6I6z7at6biP957VSHl17GRJJqKshsUZhypGM0iQN1maRE85EhmEhmbkWkjyUm2oRWNCG48y8vksZZ2XXK7u15qXqVx1GAIziGU3DhAqpwAzWoA4FHeIZXeLOerBfr3fqYtS5Z+cwB/IH1+QPjm5Xh</latexit><latexit sha1_base64="GIQaaO3xO0trvvpK38Nad/6OAMM=">AAACAXicbVBNS8NAEJ34WetX1IvgZbEInkoigl4KRS8eK9gPaGPYbDft0s0m7G4qJdSLf8WLB0W8+i+8+W/ctjlo64OBx3szzMwLEs6Udpxva2l5ZXVtvbBR3Nza3tm19/YbKk4loXUS81i2AqwoZ4LWNdOcthJJcRRw2gwG1xO/OaRSsVjc6VFCvQj3BAsZwdpIvn34gCqoo9LIz1jFHd8LhH2Ghj7z7ZJTdqZAi8TNSQly1Hz7q9ONSRpRoQnHSrVdJ9FehqVmhNNxsZMqmmAywD3aNlTgiCovm34wRidG6aIwlqaERlP190SGI6VGUWA6I6z7at6biP957VSHl17GRJJqKshsUZhypGM0iQN1maRE85EhmEhmbkWkjyUm2oRWNCG48y8vksZZ2XXK7u15qXqVx1GAIziGU3DhAqpwAzWoA4FHeIZXeLOerBfr3fqYtS5Z+cwB/IH1+QPjm5Xh</latexit><latexit sha1_base64="GIQaaO3xO0trvvpK38Nad/6OAMM=">AAACAXicbVBNS8NAEJ34WetX1IvgZbEInkoigl4KRS8eK9gPaGPYbDft0s0m7G4qJdSLf8WLB0W8+i+8+W/ctjlo64OBx3szzMwLEs6Udpxva2l5ZXVtvbBR3Nza3tm19/YbKk4loXUS81i2AqwoZ4LWNdOcthJJcRRw2gwG1xO/OaRSsVjc6VFCvQj3BAsZwdpIvn34gCqoo9LIz1jFHd8LhH2Ghj7z7ZJTdqZAi8TNSQly1Hz7q9ONSRpRoQnHSrVdJ9FehqVmhNNxsZMqmmAywD3aNlTgiCovm34wRidG6aIwlqaERlP190SGI6VGUWA6I6z7at6biP957VSHl17GRJJqKshsUZhypGM0iQN1maRE85EhmEhmbkWkjyUm2oRWNCG48y8vksZZ2XXK7u15qXqVx1GAIziGU3DhAqpwAzWoA4FHeIZXeLOerBfr3fqYtS5Z+cwB/IH1+QPjm5Xh</latexit>

it must be that

ai 2 Z
<latexit sha1_base64="RB69LhnISRkjFm0i6Z/OdVdIg/U=">AAAB+3icbVDLSsNAFL2pr1pftS7dDBbBVUlE0GXRjcsK9oFNCJPppB06mYSZiVhCfsWNC0Xc+iPu/BsnbRbaemDgcM693DMnSDhT2ra/rcra+sbmVnW7trO7t39QP2z0VJxKQrsk5rEcBFhRzgTtaqY5HSSS4ijgtB9Mbwq//0ilYrG417OEehEeCxYygrWR/HoD+wy5TCA3wnoSBNlD7tebdsueA60SpyRNKNHx61/uKCZpRIUmHCs1dOxEexmWmhFO85qbKppgMsVjOjRU4IgqL5tnz9GpUUYojKV5QqO5+nsjw5FSsygwk0VCtewV4n/eMNXhlZcxkaSaCrI4FKYc6RgVRaARk5RoPjMEE8lMVkQmWGKiTV01U4Kz/OVV0jtvOXbLubtotq/LOqpwDCdwBg5cQhtuoQNdIPAEz/AKb1ZuvVjv1sditGKVO0fwB9bnD4IllBc=</latexit><latexit sha1_base64="RB69LhnISRkjFm0i6Z/OdVdIg/U=">AAAB+3icbVDLSsNAFL2pr1pftS7dDBbBVUlE0GXRjcsK9oFNCJPppB06mYSZiVhCfsWNC0Xc+iPu/BsnbRbaemDgcM693DMnSDhT2ra/rcra+sbmVnW7trO7t39QP2z0VJxKQrsk5rEcBFhRzgTtaqY5HSSS4ijgtB9Mbwq//0ilYrG417OEehEeCxYygrWR/HoD+wy5TCA3wnoSBNlD7tebdsueA60SpyRNKNHx61/uKCZpRIUmHCs1dOxEexmWmhFO85qbKppgMsVjOjRU4IgqL5tnz9GpUUYojKV5QqO5+nsjw5FSsygwk0VCtewV4n/eMNXhlZcxkaSaCrI4FKYc6RgVRaARk5RoPjMEE8lMVkQmWGKiTV01U4Kz/OVV0jtvOXbLubtotq/LOqpwDCdwBg5cQhtuoQNdIPAEz/AKb1ZuvVjv1sditGKVO0fwB9bnD4IllBc=</latexit><latexit sha1_base64="RB69LhnISRkjFm0i6Z/OdVdIg/U=">AAAB+3icbVDLSsNAFL2pr1pftS7dDBbBVUlE0GXRjcsK9oFNCJPppB06mYSZiVhCfsWNC0Xc+iPu/BsnbRbaemDgcM693DMnSDhT2ra/rcra+sbmVnW7trO7t39QP2z0VJxKQrsk5rEcBFhRzgTtaqY5HSSS4ijgtB9Mbwq//0ilYrG417OEehEeCxYygrWR/HoD+wy5TCA3wnoSBNlD7tebdsueA60SpyRNKNHx61/uKCZpRIUmHCs1dOxEexmWmhFO85qbKppgMsVjOjRU4IgqL5tnz9GpUUYojKV5QqO5+nsjw5FSsygwk0VCtewV4n/eMNXhlZcxkaSaCrI4FKYc6RgVRaARk5RoPjMEE8lMVkQmWGKiTV01U4Kz/OVV0jtvOXbLubtotq/LOqpwDCdwBg5cQhtuoQNdIPAEz/AKb1ZuvVjv1sditGKVO0fwB9bnD4IllBc=</latexit><latexit sha1_base64="RB69LhnISRkjFm0i6Z/OdVdIg/U=">AAAB+3icbVDLSsNAFL2pr1pftS7dDBbBVUlE0GXRjcsK9oFNCJPppB06mYSZiVhCfsWNC0Xc+iPu/BsnbRbaemDgcM693DMnSDhT2ra/rcra+sbmVnW7trO7t39QP2z0VJxKQrsk5rEcBFhRzgTtaqY5HSSS4ijgtB9Mbwq//0ilYrG417OEehEeCxYygrWR/HoD+wy5TCA3wnoSBNlD7tebdsueA60SpyRNKNHx61/uKCZpRIUmHCs1dOxEexmWmhFO85qbKppgMsVjOjRU4IgqL5tnz9GpUUYojKV5QqO5+nsjw5FSsygwk0VCtewV4n/eMNXhlZcxkaSaCrI4FKYc6RgVRaARk5RoPjMEE8lMVkQmWGKiTV01U4Kz/OVV0jtvOXbLubtotq/LOqpwDCdwBg5cQhtuoQNdIPAEz/AKb1ZuvVjv1sditGKVO0fwB9bnD4IllBc=</latexit>

w 6= 0
<latexit sha1_base64="ZXv4Vm0k60+bGIvrSxff1hRSig4=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbSbt0s0l3N0oJ/RNePCji1b/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hodua3HlFpHssHM0nQj+hA8pAzaqzUfiJdiWPi9soVt+rOQVaJl5MK5Kj3yl/dfszSCKVhgmrd8dzE+BlVhjOB01I31ZhQNqID7FgqaYTaz+b3TsmZVfokjJUtachc/T2R0UjrSRTYzoiaoV72ZuJ/Xic14bWfcZmkBiVbLApTQUxMZs+TPlfIjJhYQpni9lbChlRRZmxEJRuCt/zyKmleVD236t1fVmo3eRxFOIFTOAcPrqAGd1CHBjAQ8Ayv8OaMnRfn3flYtBacfOYY/sD5/AERXI9R</latexit><latexit sha1_base64="ZXv4Vm0k60+bGIvrSxff1hRSig4=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbSbt0s0l3N0oJ/RNePCji1b/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hodua3HlFpHssHM0nQj+hA8pAzaqzUfiJdiWPi9soVt+rOQVaJl5MK5Kj3yl/dfszSCKVhgmrd8dzE+BlVhjOB01I31ZhQNqID7FgqaYTaz+b3TsmZVfokjJUtachc/T2R0UjrSRTYzoiaoV72ZuJ/Xic14bWfcZmkBiVbLApTQUxMZs+TPlfIjJhYQpni9lbChlRRZmxEJRuCt/zyKmleVD236t1fVmo3eRxFOIFTOAcPrqAGd1CHBjAQ8Ayv8OaMnRfn3flYtBacfOYY/sD5/AERXI9R</latexit><latexit sha1_base64="ZXv4Vm0k60+bGIvrSxff1hRSig4=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbSbt0s0l3N0oJ/RNePCji1b/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hodua3HlFpHssHM0nQj+hA8pAzaqzUfiJdiWPi9soVt+rOQVaJl5MK5Kj3yl/dfszSCKVhgmrd8dzE+BlVhjOB01I31ZhQNqID7FgqaYTaz+b3TsmZVfokjJUtachc/T2R0UjrSRTYzoiaoV72ZuJ/Xic14bWfcZmkBiVbLApTQUxMZs+TPlfIjJhYQpni9lbChlRRZmxEJRuCt/zyKmleVD236t1fVmo3eRxFOIFTOAcPrqAGd1CHBjAQ8Ayv8OaMnRfn3flYtBacfOYY/sD5/AERXI9R</latexit><latexit sha1_base64="ZXv4Vm0k60+bGIvrSxff1hRSig4=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbSbt0s0l3N0oJ/RNePCji1b/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hodua3HlFpHssHM0nQj+hA8pAzaqzUfiJdiWPi9soVt+rOQVaJl5MK5Kj3yl/dfszSCKVhgmrd8dzE+BlVhjOB01I31ZhQNqID7FgqaYTaz+b3TsmZVfokjJUtachc/T2R0UjrSRTYzoiaoV72ZuJ/Xic14bWfcZmkBiVbLApTQUxMZs+TPlfIjJhYQpni9lbChlRRZmxEJRuCt/zyKmleVD236t1fVmo3eRxFOIFTOAcPrqAGd1CHBjAQ8Ayv8OaMnRfn3flYtBacfOYY/sD5/AERXI9R</latexit>

||w||  � · lmin
<latexit sha1_base64="013rAyZIkpputQWFVOe0z6uASFk=">AAACCHicbVC7TsMwFHXKq5RXgJEBiwqJqUoQEowVLIxFog+piSLHcVqrthNsB1SlHVn4FRYGEGLlE9j4G9w2A7Qc6UpH59yre+8JU0aVdpxvq7S0vLK6Vl6vbGxube/Yu3stlWQSkyZOWCI7IVKEUUGammpGOqkkiIeMtMPB1cRv3xOpaCJu9TAlPkc9QWOKkTZSYB+ORg+jEfQYuYNeD3GOoIejREMW5JyKcWBXnZozBVwkbkGqoEAjsL+8KMEZJ0JjhpTquk6q/RxJTTEj44qXKZIiPEA90jVUIE6Un08fGcNjo0QwTqQpoeFU/T2RI67UkIemkyPdV/PeRPzP62Y6vvBzKtJME4Fni+KMQZ3ASSowopJgzYaGICypuRXiPpIIa5NdxYTgzr+8SFqnNdepuTdn1fplEUcZHIAjcAJccA7q4Bo0QBNg8AiewSt4s56sF+vd+pi1lqxiZh/8gfX5A84+mdI=</latexit><latexit sha1_base64="013rAyZIkpputQWFVOe0z6uASFk=">AAACCHicbVC7TsMwFHXKq5RXgJEBiwqJqUoQEowVLIxFog+piSLHcVqrthNsB1SlHVn4FRYGEGLlE9j4G9w2A7Qc6UpH59yre+8JU0aVdpxvq7S0vLK6Vl6vbGxube/Yu3stlWQSkyZOWCI7IVKEUUGammpGOqkkiIeMtMPB1cRv3xOpaCJu9TAlPkc9QWOKkTZSYB+ORg+jEfQYuYNeD3GOoIejREMW5JyKcWBXnZozBVwkbkGqoEAjsL+8KMEZJ0JjhpTquk6q/RxJTTEj44qXKZIiPEA90jVUIE6Un08fGcNjo0QwTqQpoeFU/T2RI67UkIemkyPdV/PeRPzP62Y6vvBzKtJME4Fni+KMQZ3ASSowopJgzYaGICypuRXiPpIIa5NdxYTgzr+8SFqnNdepuTdn1fplEUcZHIAjcAJccA7q4Bo0QBNg8AiewSt4s56sF+vd+pi1lqxiZh/8gfX5A84+mdI=</latexit><latexit sha1_base64="013rAyZIkpputQWFVOe0z6uASFk=">AAACCHicbVC7TsMwFHXKq5RXgJEBiwqJqUoQEowVLIxFog+piSLHcVqrthNsB1SlHVn4FRYGEGLlE9j4G9w2A7Qc6UpH59yre+8JU0aVdpxvq7S0vLK6Vl6vbGxube/Yu3stlWQSkyZOWCI7IVKEUUGammpGOqkkiIeMtMPB1cRv3xOpaCJu9TAlPkc9QWOKkTZSYB+ORg+jEfQYuYNeD3GOoIejREMW5JyKcWBXnZozBVwkbkGqoEAjsL+8KMEZJ0JjhpTquk6q/RxJTTEj44qXKZIiPEA90jVUIE6Un08fGcNjo0QwTqQpoeFU/T2RI67UkIemkyPdV/PeRPzP62Y6vvBzKtJME4Fni+KMQZ3ASSowopJgzYaGICypuRXiPpIIa5NdxYTgzr+8SFqnNdepuTdn1fplEUcZHIAjcAJccA7q4Bo0QBNg8AiewSt4s56sF+vd+pi1lqxiZh/8gfX5A84+mdI=</latexit><latexit sha1_base64="013rAyZIkpputQWFVOe0z6uASFk=">AAACCHicbVC7TsMwFHXKq5RXgJEBiwqJqUoQEowVLIxFog+piSLHcVqrthNsB1SlHVn4FRYGEGLlE9j4G9w2A7Qc6UpH59yre+8JU0aVdpxvq7S0vLK6Vl6vbGxube/Yu3stlWQSkyZOWCI7IVKEUUGammpGOqkkiIeMtMPB1cRv3xOpaCJu9TAlPkc9QWOKkTZSYB+ORg+jEfQYuYNeD3GOoIejREMW5JyKcWBXnZozBVwkbkGqoEAjsL+8KMEZJ0JjhpTquk6q/RxJTTEj44qXKZIiPEA90jVUIE6Un08fGcNjo0QwTqQpoeFU/T2RI67UkIemkyPdV/PeRPzP62Y6vvBzKtJME4Fni+KMQZ3ASSowopJgzYaGICypuRXiPpIIa5NdxYTgzr+8SFqnNdepuTdn1fplEUcZHIAjcAJccA7q4Bo0QBNg8AiewSt4s56sF+vd+pi1lqxiZh/8gfX5A84+mdI=</latexit>

SV P� , � � 1
<latexit sha1_base64="cLKjnp9gCdnRlYJCZd+NWT5SYDk=">AAACB3icbZDLSgMxFIbP1Futt1GXggSL4ELKjAgKbopuXFa0F+gMQyZN29BkZkwyQhm6c+OruHGhiFtfwZ1vY9rOQlsPhHz8/zkk5w8TzpR2nG+rsLC4tLxSXC2trW9sbtnbOw0Vp5LQOol5LFshVpSziNY105y2EkmxCDlthoOrsd98oFKxOLrTw4T6Avci1mUEayMF9v5toxZkXg8LgUfHyLtAUzYXvUduYJedijMpNA9uDmXIqxbYX14nJqmgkSYcK9V2nUT7GZaaEU5HJS9VNMFkgHu0bTDCgio/m+wxQodG6aBuLM2JNJqovycyLJQaitB0Cqz7atYbi/957VR3z/2MRUmqaUSmD3VTjnSMxqGgDpOUaD40gIlk5q+I9LHERJvoSiYEd3bleWicVFyn4t6clquXeRxF2IMDOAIXzqAK11CDOhB4hGd4hTfryXqx3q2PaWvBymd24U9Znz/Fdpfy</latexit><latexit sha1_base64="cLKjnp9gCdnRlYJCZd+NWT5SYDk=">AAACB3icbZDLSgMxFIbP1Futt1GXggSL4ELKjAgKbopuXFa0F+gMQyZN29BkZkwyQhm6c+OruHGhiFtfwZ1vY9rOQlsPhHz8/zkk5w8TzpR2nG+rsLC4tLxSXC2trW9sbtnbOw0Vp5LQOol5LFshVpSziNY105y2EkmxCDlthoOrsd98oFKxOLrTw4T6Avci1mUEayMF9v5toxZkXg8LgUfHyLtAUzYXvUduYJedijMpNA9uDmXIqxbYX14nJqmgkSYcK9V2nUT7GZaaEU5HJS9VNMFkgHu0bTDCgio/m+wxQodG6aBuLM2JNJqovycyLJQaitB0Cqz7atYbi/957VR3z/2MRUmqaUSmD3VTjnSMxqGgDpOUaD40gIlk5q+I9LHERJvoSiYEd3bleWicVFyn4t6clquXeRxF2IMDOAIXzqAK11CDOhB4hGd4hTfryXqx3q2PaWvBymd24U9Znz/Fdpfy</latexit><latexit sha1_base64="cLKjnp9gCdnRlYJCZd+NWT5SYDk=">AAACB3icbZDLSgMxFIbP1Futt1GXggSL4ELKjAgKbopuXFa0F+gMQyZN29BkZkwyQhm6c+OruHGhiFtfwZ1vY9rOQlsPhHz8/zkk5w8TzpR2nG+rsLC4tLxSXC2trW9sbtnbOw0Vp5LQOol5LFshVpSziNY105y2EkmxCDlthoOrsd98oFKxOLrTw4T6Avci1mUEayMF9v5toxZkXg8LgUfHyLtAUzYXvUduYJedijMpNA9uDmXIqxbYX14nJqmgkSYcK9V2nUT7GZaaEU5HJS9VNMFkgHu0bTDCgio/m+wxQodG6aBuLM2JNJqovycyLJQaitB0Cqz7atYbi/957VR3z/2MRUmqaUSmD3VTjnSMxqGgDpOUaD40gIlk5q+I9LHERJvoSiYEd3bleWicVFyn4t6clquXeRxF2IMDOAIXzqAK11CDOhB4hGd4hTfryXqx3q2PaWvBymd24U9Znz/Fdpfy</latexit><latexit sha1_base64="cLKjnp9gCdnRlYJCZd+NWT5SYDk=">AAACB3icbZDLSgMxFIbP1Futt1GXggSL4ELKjAgKbopuXFa0F+gMQyZN29BkZkwyQhm6c+OruHGhiFtfwZ1vY9rOQlsPhHz8/zkk5w8TzpR2nG+rsLC4tLxSXC2trW9sbtnbOw0Vp5LQOol5LFshVpSziNY105y2EkmxCDlthoOrsd98oFKxOLrTw4T6Avci1mUEayMF9v5toxZkXg8LgUfHyLtAUzYXvUduYJedijMpNA9uDmXIqxbYX14nJqmgkSYcK9V2nUT7GZaaEU5HJS9VNMFkgHu0bTDCgio/m+wxQodG6aBuLM2JNJqovycyLJQaitB0Cqz7atYbi/957VR3z/2MRUmqaUSmD3VTjnSMxqGgDpOUaD40gIlk5q+I9LHERJvoSiYEd3bleWicVFyn4t6clquXeRxF2IMDOAIXzqAK11CDOhB4hGd4hTfryXqx3q2PaWvBymd24U9Znz/Fdpfy</latexit>

For constant      this is still NP-hard*�
<latexit sha1_base64="LTGM2VFoxCLeC7zT8IXFho1T/rc=">AAAB7XicbVDLSgNBEOyNrxhfUY9eFoPgKeyKoMegF48RzAOSJfROZpMx81hmZoUQ8g9ePCji1f/x5t84SfagiQUNRVU33V1xypmxQfDtFdbWNza3itulnd29/YPy4VHTqEwT2iCKK92O0VDOJG1YZjltp5qiiDltxaPbmd96otowJR/sOKWRwIFkCSNondTsDlAI7JUrQTWYw18lYU4qkKPeK391+4pkgkpLOBrTCYPURhPUlhFOp6VuZmiKZIQD2nFUoqAmmsyvnfpnTun7idKupPXn6u+JCQpjxiJ2nQLt0Cx7M/E/r5PZ5DqaMJlmlkqyWJRk3LfKn73u95mmxPKxI0g0c7f6ZIgaiXUBlVwI4fLLq6R5UQ2Danh/Wand5HEU4QRO4RxCuIIa3EEdGkDgEZ7hFd485b14797HorXg5TPH8Afe5w+G648V</latexit><latexit sha1_base64="LTGM2VFoxCLeC7zT8IXFho1T/rc=">AAAB7XicbVDLSgNBEOyNrxhfUY9eFoPgKeyKoMegF48RzAOSJfROZpMx81hmZoUQ8g9ePCji1f/x5t84SfagiQUNRVU33V1xypmxQfDtFdbWNza3itulnd29/YPy4VHTqEwT2iCKK92O0VDOJG1YZjltp5qiiDltxaPbmd96otowJR/sOKWRwIFkCSNondTsDlAI7JUrQTWYw18lYU4qkKPeK391+4pkgkpLOBrTCYPURhPUlhFOp6VuZmiKZIQD2nFUoqAmmsyvnfpnTun7idKupPXn6u+JCQpjxiJ2nQLt0Cx7M/E/r5PZ5DqaMJlmlkqyWJRk3LfKn73u95mmxPKxI0g0c7f6ZIgaiXUBlVwI4fLLq6R5UQ2Danh/Wand5HEU4QRO4RxCuIIa3EEdGkDgEZ7hFd485b14797HorXg5TPH8Afe5w+G648V</latexit><latexit sha1_base64="LTGM2VFoxCLeC7zT8IXFho1T/rc=">AAAB7XicbVDLSgNBEOyNrxhfUY9eFoPgKeyKoMegF48RzAOSJfROZpMx81hmZoUQ8g9ePCji1f/x5t84SfagiQUNRVU33V1xypmxQfDtFdbWNza3itulnd29/YPy4VHTqEwT2iCKK92O0VDOJG1YZjltp5qiiDltxaPbmd96otowJR/sOKWRwIFkCSNondTsDlAI7JUrQTWYw18lYU4qkKPeK391+4pkgkpLOBrTCYPURhPUlhFOp6VuZmiKZIQD2nFUoqAmmsyvnfpnTun7idKupPXn6u+JCQpjxiJ2nQLt0Cx7M/E/r5PZ5DqaMJlmlkqyWJRk3LfKn73u95mmxPKxI0g0c7f6ZIgaiXUBlVwI4fLLq6R5UQ2Danh/Wand5HEU4QRO4RxCuIIa3EEdGkDgEZ7hFd485b14797HorXg5TPH8Afe5w+G648V</latexit><latexit sha1_base64="LTGM2VFoxCLeC7zT8IXFho1T/rc=">AAAB7XicbVDLSgNBEOyNrxhfUY9eFoPgKeyKoMegF48RzAOSJfROZpMx81hmZoUQ8g9ePCji1f/x5t84SfagiQUNRVU33V1xypmxQfDtFdbWNza3itulnd29/YPy4VHTqEwT2iCKK92O0VDOJG1YZjltp5qiiDltxaPbmd96otowJR/sOKWRwIFkCSNondTsDlAI7JUrQTWYw18lYU4qkKPeK391+4pkgkpLOBrTCYPURhPUlhFOp6VuZmiKZIQD2nFUoqAmmsyvnfpnTun7idKupPXn6u+JCQpjxiJ2nQLt0Cx7M/E/r5PZ5DqaMJlmlkqyWJRk3LfKn73u95mmxPKxI0g0c7f6ZIgaiXUBlVwI4fLLq6R5UQ2Danh/Wand5HEU4QRO4RxCuIIa3EEdGkDgEZ7hFd485b14797HorXg5TPH8Afe5w+G648V</latexit>

For � = poly(n)
<latexit sha1_base64="IkIZ3mc3dFe096ah+mYWb4rXDHs=">AAAB+XicbVBNS8NAEJ34WetX1KOXxSLUS0lE0ItQ9OKxgv2ANpTNdtMu3d2E3U0hhP4TLx4U8eo/8ea/cdvmoK0PBh7vzTAzL0w408bzvp219Y3Nre3STnl3b//g0D06buk4VYQ2Scxj1QmxppxJ2jTMcNpJFMUi5LQdju9nfntClWaxfDJZQgOBh5JFjGBjpb7r9oZYCIxuURLzrCov+m7Fq3lzoFXiF6QCBRp996s3iEkqqDSEY627vpeYIMfKMMLptNxLNU0wGeMh7VoqsaA6yOeXT9G5VQYoipUtadBc/T2RY6F1JkLbKbAZ6WVvJv7ndVMT3QQ5k0lqqCSLRVHKkYnRLAY0YIoSwzNLMFHM3orICCtMjA2rbEPwl19eJa3Lmu/V/MerSv2uiKMEp3AGVfDhGurwAA1oAoEJPMMrvDm58+K8Ox+L1jWnmDmBP3A+fwAhEJKq</latexit><latexit sha1_base64="IkIZ3mc3dFe096ah+mYWb4rXDHs=">AAAB+XicbVBNS8NAEJ34WetX1KOXxSLUS0lE0ItQ9OKxgv2ANpTNdtMu3d2E3U0hhP4TLx4U8eo/8ea/cdvmoK0PBh7vzTAzL0w408bzvp219Y3Nre3STnl3b//g0D06buk4VYQ2Scxj1QmxppxJ2jTMcNpJFMUi5LQdju9nfntClWaxfDJZQgOBh5JFjGBjpb7r9oZYCIxuURLzrCov+m7Fq3lzoFXiF6QCBRp996s3iEkqqDSEY627vpeYIMfKMMLptNxLNU0wGeMh7VoqsaA6yOeXT9G5VQYoipUtadBc/T2RY6F1JkLbKbAZ6WVvJv7ndVMT3QQ5k0lqqCSLRVHKkYnRLAY0YIoSwzNLMFHM3orICCtMjA2rbEPwl19eJa3Lmu/V/MerSv2uiKMEp3AGVfDhGurwAA1oAoEJPMMrvDm58+K8Ox+L1jWnmDmBP3A+fwAhEJKq</latexit><latexit sha1_base64="IkIZ3mc3dFe096ah+mYWb4rXDHs=">AAAB+XicbVBNS8NAEJ34WetX1KOXxSLUS0lE0ItQ9OKxgv2ANpTNdtMu3d2E3U0hhP4TLx4U8eo/8ea/cdvmoK0PBh7vzTAzL0w408bzvp219Y3Nre3STnl3b//g0D06buk4VYQ2Scxj1QmxppxJ2jTMcNpJFMUi5LQdju9nfntClWaxfDJZQgOBh5JFjGBjpb7r9oZYCIxuURLzrCov+m7Fq3lzoFXiF6QCBRp996s3iEkqqDSEY627vpeYIMfKMMLptNxLNU0wGeMh7VoqsaA6yOeXT9G5VQYoipUtadBc/T2RY6F1JkLbKbAZ6WVvJv7ndVMT3QQ5k0lqqCSLRVHKkYnRLAY0YIoSwzNLMFHM3orICCtMjA2rbEPwl19eJa3Lmu/V/MerSv2uiKMEp3AGVfDhGurwAA1oAoEJPMMrvDm58+K8Ox+L1jWnmDmBP3A+fwAhEJKq</latexit><latexit sha1_base64="IkIZ3mc3dFe096ah+mYWb4rXDHs=">AAAB+XicbVBNS8NAEJ34WetX1KOXxSLUS0lE0ItQ9OKxgv2ANpTNdtMu3d2E3U0hhP4TLx4U8eo/8ea/cdvmoK0PBh7vzTAzL0w408bzvp219Y3Nre3STnl3b//g0D06buk4VYQ2Scxj1QmxppxJ2jTMcNpJFMUi5LQdju9nfntClWaxfDJZQgOBh5JFjGBjpb7r9oZYCIxuURLzrCov+m7Fq3lzoFXiF6QCBRp996s3iEkqqDSEY627vpeYIMfKMMLptNxLNU0wGeMh7VoqsaA6yOeXT9G5VQYoipUtadBc/T2RY6F1JkLbKbAZ6WVvJv7ndVMT3QQ5k0lqqCSLRVHKkYnRLAY0YIoSwzNLMFHM3orICCtMjA2rbEPwl19eJa3Lmu/V/MerSv2uiKMEp3AGVfDhGurwAA1oAoEJPMMrvDm58+K8Ox+L1jWnmDmBP3A+fwAhEJKq</latexit>

best algorithms require 2O(n)
<latexit sha1_base64="8wGGtc7sKGA9VjSM6TBzE00z57Y=">AAAB73icbVDLSgNBEOz1GeMr6tHLYBDiJewGQY9BL96MYB6QrGF2MkmGzM6uM71CWPITXjwo4tXf8ebfOEn2oIkFDUVVN91dQSyFQdf9dlZW19Y3NnNb+e2d3b39wsFhw0SJZrzOIhnpVkANl0LxOgqUvBVrTsNA8mYwup76zSeujYjUPY5j7od0oERfMIpWalUe0tuSOpt0C0W37M5AlomXkSJkqHULX51exJKQK2SSGtP23Bj9lGoUTPJJvpMYHlM2ogPetlTRkBs/nd07IadW6ZF+pG0pJDP190RKQ2PGYWA7Q4pDs+hNxf+8doL9Sz8VKk6QKzZf1E8kwYhMnyc9oTlDObaEMi3srYQNqaYMbUR5G4K3+PIyaVTKnlv27s6L1assjhwcwwmUwIMLqMIN1KAODCQ8wyu8OY/Oi/PufMxbV5xs5gj+wPn8AScUj2A=</latexit><latexit sha1_base64="8wGGtc7sKGA9VjSM6TBzE00z57Y=">AAAB73icbVDLSgNBEOz1GeMr6tHLYBDiJewGQY9BL96MYB6QrGF2MkmGzM6uM71CWPITXjwo4tXf8ebfOEn2oIkFDUVVN91dQSyFQdf9dlZW19Y3NnNb+e2d3b39wsFhw0SJZrzOIhnpVkANl0LxOgqUvBVrTsNA8mYwup76zSeujYjUPY5j7od0oERfMIpWalUe0tuSOpt0C0W37M5AlomXkSJkqHULX51exJKQK2SSGtP23Bj9lGoUTPJJvpMYHlM2ogPetlTRkBs/nd07IadW6ZF+pG0pJDP190RKQ2PGYWA7Q4pDs+hNxf+8doL9Sz8VKk6QKzZf1E8kwYhMnyc9oTlDObaEMi3srYQNqaYMbUR5G4K3+PIyaVTKnlv27s6L1assjhwcwwmUwIMLqMIN1KAODCQ8wyu8OY/Oi/PufMxbV5xs5gj+wPn8AScUj2A=</latexit><latexit sha1_base64="8wGGtc7sKGA9VjSM6TBzE00z57Y=">AAAB73icbVDLSgNBEOz1GeMr6tHLYBDiJewGQY9BL96MYB6QrGF2MkmGzM6uM71CWPITXjwo4tXf8ebfOEn2oIkFDUVVN91dQSyFQdf9dlZW19Y3NnNb+e2d3b39wsFhw0SJZrzOIhnpVkANl0LxOgqUvBVrTsNA8mYwup76zSeujYjUPY5j7od0oERfMIpWalUe0tuSOpt0C0W37M5AlomXkSJkqHULX51exJKQK2SSGtP23Bj9lGoUTPJJvpMYHlM2ogPetlTRkBs/nd07IadW6ZF+pG0pJDP190RKQ2PGYWA7Q4pDs+hNxf+8doL9Sz8VKk6QKzZf1E8kwYhMnyc9oTlDObaEMi3srYQNqaYMbUR5G4K3+PIyaVTKnlv27s6L1assjhwcwwmUwIMLqMIN1KAODCQ8wyu8OY/Oi/PufMxbV5xs5gj+wPn8AScUj2A=</latexit><latexit sha1_base64="8wGGtc7sKGA9VjSM6TBzE00z57Y=">AAAB73icbVDLSgNBEOz1GeMr6tHLYBDiJewGQY9BL96MYB6QrGF2MkmGzM6uM71CWPITXjwo4tXf8ebfOEn2oIkFDUVVN91dQSyFQdf9dlZW19Y3NnNb+e2d3b39wsFhw0SJZrzOIhnpVkANl0LxOgqUvBVrTsNA8mYwup76zSeujYjUPY5j7od0oERfMIpWalUe0tuSOpt0C0W37M5AlomXkSJkqHULX51exJKQK2SSGtP23Bj9lGoUTPJJvpMYHlM2ogPetlTRkBs/nd07IadW6ZF+pG0pJDP190RKQ2PGYWA7Q4pDs+hNxf+8doL9Sz8VKk6QKzZf1E8kwYhMnyc9oTlDObaEMi3srYQNqaYMbUR5G4K3+PIyaVTKnlv27s6L1assjhwcwwmUwIMLqMIN1KAODCQ8wyu8OY/Oi/PufMxbV5xs5gj+wPn8AScUj2A=</latexit>

time and space



Lattice problems

NP

BQP P

NP-hard  
(and in NP)

SV PO(1)
<latexit sha1_base64="KtKHLSy1qPEqAN4IBplOwtU5++4=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoMQL2FXBD0GvXgzonlgsoTZSScZMju7zMwKYclfePGgiFf/xpt/4yTZgyYWNBRV3XR3BbHg2rjut5NbWV1b38hvFra2d3b3ivsHDR0limGdRSJSrYBqFFxi3XAjsBUrpGEgsBmMrqd+8wmV5pF8MOMY/ZAOJO9zRo2VHu8btW56W/ZOJ91iya24M5Bl4mWkBBlq3eJXpxexJERpmKBatz03Nn5KleFM4KTQSTTGlI3oANuWShqi9tPZxRNyYpUe6UfKljRkpv6eSGmo9TgMbGdIzVAvelPxP6+dmP6ln3IZJwYlmy/qJ4KYiEzfJz2ukBkxtoQyxe2thA2poszYkAo2BG/x5WXSOKt4bsW7Oy9Vr7I48nAEx1AGDy6gCjdQgzowkPAMr/DmaOfFeXc+5q05J5s5hD9wPn8ASa6P/w==</latexit><latexit sha1_base64="KtKHLSy1qPEqAN4IBplOwtU5++4=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoMQL2FXBD0GvXgzonlgsoTZSScZMju7zMwKYclfePGgiFf/xpt/4yTZgyYWNBRV3XR3BbHg2rjut5NbWV1b38hvFra2d3b3ivsHDR0limGdRSJSrYBqFFxi3XAjsBUrpGEgsBmMrqd+8wmV5pF8MOMY/ZAOJO9zRo2VHu8btW56W/ZOJ91iya24M5Bl4mWkBBlq3eJXpxexJERpmKBatz03Nn5KleFM4KTQSTTGlI3oANuWShqi9tPZxRNyYpUe6UfKljRkpv6eSGmo9TgMbGdIzVAvelPxP6+dmP6ln3IZJwYlmy/qJ4KYiEzfJz2ukBkxtoQyxe2thA2poszYkAo2BG/x5WXSOKt4bsW7Oy9Vr7I48nAEx1AGDy6gCjdQgzowkPAMr/DmaOfFeXc+5q05J5s5hD9wPn8ASa6P/w==</latexit><latexit sha1_base64="KtKHLSy1qPEqAN4IBplOwtU5++4=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoMQL2FXBD0GvXgzonlgsoTZSScZMju7zMwKYclfePGgiFf/xpt/4yTZgyYWNBRV3XR3BbHg2rjut5NbWV1b38hvFra2d3b3ivsHDR0limGdRSJSrYBqFFxi3XAjsBUrpGEgsBmMrqd+8wmV5pF8MOMY/ZAOJO9zRo2VHu8btW56W/ZOJ91iya24M5Bl4mWkBBlq3eJXpxexJERpmKBatz03Nn5KleFM4KTQSTTGlI3oANuWShqi9tPZxRNyYpUe6UfKljRkpv6eSGmo9TgMbGdIzVAvelPxP6+dmP6ln3IZJwYlmy/qJ4KYiEzfJz2ukBkxtoQyxe2thA2poszYkAo2BG/x5WXSOKt4bsW7Oy9Vr7I48nAEx1AGDy6gCjdQgzowkPAMr/DmaOfFeXc+5q05J5s5hD9wPn8ASa6P/w==</latexit><latexit sha1_base64="KtKHLSy1qPEqAN4IBplOwtU5++4=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoMQL2FXBD0GvXgzonlgsoTZSScZMju7zMwKYclfePGgiFf/xpt/4yTZgyYWNBRV3XR3BbHg2rjut5NbWV1b38hvFra2d3b3ivsHDR0limGdRSJSrYBqFFxi3XAjsBUrpGEgsBmMrqd+8wmV5pF8MOMY/ZAOJO9zRo2VHu8btW56W/ZOJ91iya24M5Bl4mWkBBlq3eJXpxexJERpmKBatz03Nn5KleFM4KTQSTTGlI3oANuWShqi9tPZxRNyYpUe6UfKljRkpv6eSGmo9TgMbGdIzVAvelPxP6+dmP6ln3IZJwYlmy/qJ4KYiEzfJz2ukBkxtoQyxe2thA2poszYkAo2BG/x5WXSOKt4bsW7Oy9Vr7I48nAEx1AGDy6gCjdQgzowkPAMr/DmaOfFeXc+5q05J5s5hD9wPn8ASa6P/w==</latexit>

SV Ppoly(n)
<latexit sha1_base64="8E1ZU2fGUSDv90loU4CyBVdq6rQ=">AAAB9HicbVBNSwMxEJ2tX7V+VT16CRahXsquCHosevFY0X5Au5Rsmm1Ds8maZAvL0t/hxYMiXv0x3vw3pu0etPXBwOO9GWbmBTFn2rjut1NYW9/Y3Cpul3Z29/YPyodHLS0TRWiTSC5VJ8CaciZo0zDDaSdWFEcBp+1gfDvz2xOqNJPi0aQx9SM8FCxkBBsr+Q+tRj+LJU+r4nzaL1fcmjsHWiVeTiqQo9Evf/UGkiQRFYZwrHXXc2PjZ1gZRjidlnqJpjEmYzykXUsFjqj2s/nRU3RmlQEKpbIlDJqrvycyHGmdRoHtjLAZ6WVvJv7ndRMTXvsZE3FiqCCLRWHCkZFolgAaMEWJ4aklmChmb0VkhBUmxuZUsiF4yy+vktZFzXNr3v1lpX6Tx1GEEziFKnhwBXW4gwY0gcATPMMrvDkT58V5dz4WrQUnnzmGP3A+fwBY7JHP</latexit><latexit sha1_base64="8E1ZU2fGUSDv90loU4CyBVdq6rQ=">AAAB9HicbVBNSwMxEJ2tX7V+VT16CRahXsquCHosevFY0X5Au5Rsmm1Ds8maZAvL0t/hxYMiXv0x3vw3pu0etPXBwOO9GWbmBTFn2rjut1NYW9/Y3Cpul3Z29/YPyodHLS0TRWiTSC5VJ8CaciZo0zDDaSdWFEcBp+1gfDvz2xOqNJPi0aQx9SM8FCxkBBsr+Q+tRj+LJU+r4nzaL1fcmjsHWiVeTiqQo9Evf/UGkiQRFYZwrHXXc2PjZ1gZRjidlnqJpjEmYzykXUsFjqj2s/nRU3RmlQEKpbIlDJqrvycyHGmdRoHtjLAZ6WVvJv7ndRMTXvsZE3FiqCCLRWHCkZFolgAaMEWJ4aklmChmb0VkhBUmxuZUsiF4yy+vktZFzXNr3v1lpX6Tx1GEEziFKnhwBXW4gwY0gcATPMMrvDkT58V5dz4WrQUnnzmGP3A+fwBY7JHP</latexit><latexit sha1_base64="8E1ZU2fGUSDv90loU4CyBVdq6rQ=">AAAB9HicbVBNSwMxEJ2tX7V+VT16CRahXsquCHosevFY0X5Au5Rsmm1Ds8maZAvL0t/hxYMiXv0x3vw3pu0etPXBwOO9GWbmBTFn2rjut1NYW9/Y3Cpul3Z29/YPyodHLS0TRWiTSC5VJ8CaciZo0zDDaSdWFEcBp+1gfDvz2xOqNJPi0aQx9SM8FCxkBBsr+Q+tRj+LJU+r4nzaL1fcmjsHWiVeTiqQo9Evf/UGkiQRFYZwrHXXc2PjZ1gZRjidlnqJpjEmYzykXUsFjqj2s/nRU3RmlQEKpbIlDJqrvycyHGmdRoHtjLAZ6WVvJv7ndRMTXvsZE3FiqCCLRWHCkZFolgAaMEWJ4aklmChmb0VkhBUmxuZUsiF4yy+vktZFzXNr3v1lpX6Tx1GEEziFKnhwBXW4gwY0gcATPMMrvDkT58V5dz4WrQUnnzmGP3A+fwBY7JHP</latexit><latexit sha1_base64="8E1ZU2fGUSDv90loU4CyBVdq6rQ=">AAAB9HicbVBNSwMxEJ2tX7V+VT16CRahXsquCHosevFY0X5Au5Rsmm1Ds8maZAvL0t/hxYMiXv0x3vw3pu0etPXBwOO9GWbmBTFn2rjut1NYW9/Y3Cpul3Z29/YPyodHLS0TRWiTSC5VJ8CaciZo0zDDaSdWFEcBp+1gfDvz2xOqNJPi0aQx9SM8FCxkBBsr+Q+tRj+LJU+r4nzaL1fcmjsHWiVeTiqQo9Evf/UGkiQRFYZwrHXXc2PjZ1gZRjidlnqJpjEmYzykXUsFjqj2s/nRU3RmlQEKpbIlDJqrvycyHGmdRoHtjLAZ6WVvJv7ndRMTXvsZE3FiqCCLRWHCkZFolgAaMEWJ4aklmChmb0VkhBUmxuZUsiF4yy+vktZFzXNr3v1lpX6Tx1GEEziFKnhwBXW4gwY0gcATPMMrvDkT58V5dz4WrQUnnzmGP3A+fwBY7JHP</latexit>

SV Pexp(n)
<latexit sha1_base64="yD8Sc7BhLFQJHew9Lo5I28H2zyg=">AAAB83icbVBNS8NAEJ34WetX1aOXxSLUS0lE0GPRi8eK9gPaUDbbSbt0swm7G7GE/g0vHhTx6p/x5r9x2+agrQ8GHu/NMDMvSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8HoZuq3HlFpHssHM07Qj+hA8pAzaqzUvW/Wexk+JRV5NumVym7VnYEsEy8nZchR75W+uv2YpRFKwwTVuuO5ifEzqgxnAifFbqoxoWxEB9ixVNIItZ/Nbp6QU6v0SRgrW9KQmfp7IqOR1uMosJ0RNUO96E3F/7xOasIrP+MySQ1KNl8UpoKYmEwDIH2ukBkxtoQyxe2thA2poszYmIo2BG/x5WXSPK96btW7uyjXrvM4CnAMJ1ABDy6hBrdQhwYwSOAZXuHNSZ0X5935mLeuOPnMEfyB8/kDeoCRTg==</latexit><latexit sha1_base64="yD8Sc7BhLFQJHew9Lo5I28H2zyg=">AAAB83icbVBNS8NAEJ34WetX1aOXxSLUS0lE0GPRi8eK9gPaUDbbSbt0swm7G7GE/g0vHhTx6p/x5r9x2+agrQ8GHu/NMDMvSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8HoZuq3HlFpHssHM07Qj+hA8pAzaqzUvW/Wexk+JRV5NumVym7VnYEsEy8nZchR75W+uv2YpRFKwwTVuuO5ifEzqgxnAifFbqoxoWxEB9ixVNIItZ/Nbp6QU6v0SRgrW9KQmfp7IqOR1uMosJ0RNUO96E3F/7xOasIrP+MySQ1KNl8UpoKYmEwDIH2ukBkxtoQyxe2thA2poszYmIo2BG/x5WXSPK96btW7uyjXrvM4CnAMJ1ABDy6hBrdQhwYwSOAZXuHNSZ0X5935mLeuOPnMEfyB8/kDeoCRTg==</latexit><latexit sha1_base64="yD8Sc7BhLFQJHew9Lo5I28H2zyg=">AAAB83icbVBNS8NAEJ34WetX1aOXxSLUS0lE0GPRi8eK9gPaUDbbSbt0swm7G7GE/g0vHhTx6p/x5r9x2+agrQ8GHu/NMDMvSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8HoZuq3HlFpHssHM07Qj+hA8pAzaqzUvW/Wexk+JRV5NumVym7VnYEsEy8nZchR75W+uv2YpRFKwwTVuuO5ifEzqgxnAifFbqoxoWxEB9ixVNIItZ/Nbp6QU6v0SRgrW9KQmfp7IqOR1uMosJ0RNUO96E3F/7xOasIrP+MySQ1KNl8UpoKYmEwDIH2ukBkxtoQyxe2thA2poszYmIo2BG/x5WXSPK96btW7uyjXrvM4CnAMJ1ABDy6hBrdQhwYwSOAZXuHNSZ0X5935mLeuOPnMEfyB8/kDeoCRTg==</latexit><latexit sha1_base64="yD8Sc7BhLFQJHew9Lo5I28H2zyg=">AAAB83icbVBNS8NAEJ34WetX1aOXxSLUS0lE0GPRi8eK9gPaUDbbSbt0swm7G7GE/g0vHhTx6p/x5r9x2+agrQ8GHu/NMDMvSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8HoZuq3HlFpHssHM07Qj+hA8pAzaqzUvW/Wexk+JRV5NumVym7VnYEsEy8nZchR75W+uv2YpRFKwwTVuuO5ifEzqgxnAifFbqoxoWxEB9ixVNIItZ/Nbp6QU6v0SRgrW9KQmfp7IqOR1uMosJ0RNUO96E3F/7xOasIrP+MySQ1KNl8UpoKYmEwDIH2ukBkxtoQyxe2thA2poszYmIo2BG/x5WXSPK96btW7uyjXrvM4CnAMJ1ABDy6hBrdQhwYwSOAZXuHNSZ0X5935mLeuOPnMEfyB8/kDeoCRTg==</latexit>

SV Ppoly(n)
<latexit sha1_base64="8E1ZU2fGUSDv90loU4CyBVdq6rQ=">AAAB9HicbVBNSwMxEJ2tX7V+VT16CRahXsquCHosevFY0X5Au5Rsmm1Ds8maZAvL0t/hxYMiXv0x3vw3pu0etPXBwOO9GWbmBTFn2rjut1NYW9/Y3Cpul3Z29/YPyodHLS0TRWiTSC5VJ8CaciZo0zDDaSdWFEcBp+1gfDvz2xOqNJPi0aQx9SM8FCxkBBsr+Q+tRj+LJU+r4nzaL1fcmjsHWiVeTiqQo9Evf/UGkiQRFYZwrH XXc2PjZ1gZRjidlnqJpjEmYzykXUsFjqj2s/nRU3RmlQEKpbIlDJqrvycyHGmdRoHtjLAZ6WVvJv7ndRMTXvsZE3FiqCCLRWHCkZFolgAaMEWJ4aklmChmb0VkhBUmxuZUsiF4yy+vktZFzXNr3v1lpX6Tx1GEEziFKnhwBXW4gwY0gcATPMMrvDkT58V5dz4WrQUnnzmGP3A+fwBY7JHP</latexit><latexit sha1_base64="8E1ZU2fGUSDv90loU4CyBVdq6rQ=">AAAB9HicbVBNSwMxEJ2tX7V+VT16CRahXsquCHosevFY0X5Au5Rsmm1Ds8maZAvL0t/hxYMiXv0x3vw3pu0etPXBwOO9GWbmBTFn2rjut1NYW9/Y3Cpul3Z29/YPyodHLS0TRWiTSC5VJ8CaciZo0zDDaSdWFEcBp+1gfDvz2xOqNJPi0aQx9SM8FCxkBBsr+Q+tRj+LJU+r4nzaL1fcmjsHWiVeTiqQo9Evf/UGkiQRFYZwrH XXc2PjZ1gZRjidlnqJpjEmYzykXUsFjqj2s/nRU3RmlQEKpbIlDJqrvycyHGmdRoHtjLAZ6WVvJv7ndRMTXvsZE3FiqCCLRWHCkZFolgAaMEWJ4aklmChmb0VkhBUmxuZUsiF4yy+vktZFzXNr3v1lpX6Tx1GEEziFKnhwBXW4gwY0gcATPMMrvDkT58V5dz4WrQUnnzmGP3A+fwBY7JHP</latexit><latexit sha1_base64="8E1ZU2fGUSDv90loU4CyBVdq6rQ=">AAAB9HicbVBNSwMxEJ2tX7V+VT16CRahXsquCHosevFY0X5Au5Rsmm1Ds8maZAvL0t/hxYMiXv0x3vw3pu0etPXBwOO9GWbmBTFn2rjut1NYW9/Y3Cpul3Z29/YPyodHLS0TRWiTSC5VJ8CaciZo0zDDaSdWFEcBp+1gfDvz2xOqNJPi0aQx9SM8FCxkBBsr+Q+tRj+LJU+r4nzaL1fcmjsHWiVeTiqQo9Evf/UGkiQRFYZwrH XXc2PjZ1gZRjidlnqJpjEmYzykXUsFjqj2s/nRU3RmlQEKpbIlDJqrvycyHGmdRoHtjLAZ6WVvJv7ndRMTXvsZE3FiqCCLRWHCkZFolgAaMEWJ4aklmChmb0VkhBUmxuZUsiF4yy+vktZFzXNr3v1lpX6Tx1GEEziFKnhwBXW4gwY0gcATPMMrvDkT58V5dz4WrQUnnzmGP3A+fwBY7JHP</latexit><latexit sha1_base64="8E1ZU2fGUSDv90loU4CyBVdq6rQ=">AAAB9HicbVBNSwMxEJ2tX7V+VT16CRahXsquCHosevFY0X5Au5Rsmm1Ds8maZAvL0t/hxYMiXv0x3vw3pu0etPXBwOO9GWbmBTFn2rjut1NYW9/Y3Cpul3Z29/YPyodHLS0TRWiTSC5VJ8CaciZo0zDDaSdWFEcBp+1gfDvz2xOqNJPi0aQx9SM8FCxkBBsr+Q+tRj+LJU+r4nzaL1fcmjsHWiVeTiqQo9Evf/UGkiQRFYZwrH XXc2PjZ1gZRjidlnqJpjEmYzykXUsFjqj2s/nRU3RmlQEKpbIlDJqrvycyHGmdRoHtjLAZ6WVvJv7ndRMTXvsZE3FiqCCLRWHCkZFolgAaMEWJ4aklmChmb0VkhBUmxuZUsiF4yy+vktZFzXNr3v1lpX6Tx1GEEziFKnhwBXW4gwY0gcATPMMrvDkT58V5dz4WrQUnnzmGP3A+fwBY7JHP</latexit>

seems like a good candidate for post-quantum crypto!



Average case vs. worst case

Complexities we’ve mentioned refer to worst case

In practice we care about average case

Expected running time averaged over all inputs

Why average case?

Instances we generate are usually random

Might be difficult to find the worst case instances



Learning With Errors (LWE)

Parameters

E : {0, 1, ...q � 1} ! [0, 1]
<latexit sha1_base64="ZxTW/xcpuJAGEpLdq4VvimartJM=">AAACGnicbVDLSgMxFM3UV62vUZdugkVwUYeJCIqrogguK9gHzAwlk6ZtaOZhklHKMN/hxl9x40IRd+LGvzHTzkJbDwQO59zLzTl+zJlUtv1tlBYWl5ZXyquVtfWNzS1ze6clo0QQ2iQRj0THx5JyFtKmYorTTiwoDnxO2/7oMvfb91RIFoW3ahxTL8CDkPUZwUpLXRO5AVZDgnl6lcFz6KZ2DaIatCwL3h0hN4OuYIOhwkJED9 Cxa8jrmlXbsieA8wQVpAoKNLrmp9uLSBLQUBGOpXSQHSsvxUIxwmlWcRNJY0xGeEAdTUMcUOmlk2gZPNBKD/YjoV+o4ET9vZHiQMpx4OvJPIic9XLxP89JVP/MS1kYJ4qGZHqon3CoIpj3BHtMUKL4WBNMBNN/hWSIBSZKt1nRJaDZyPOkdWwh20I3J9X6RVFHGeyBfXAIEDgFdXANGqAJCHgEz+AVvBlPxovxbnxMR0tGsbML/sD4+gEmC53O</latexit><latexit sha1_base64="ZxTW/xcpuJAGEpLdq4VvimartJM=">AAACGnicbVDLSgMxFM3UV62vUZdugkVwUYeJCIqrogguK9gHzAwlk6ZtaOZhklHKMN/hxl9x40IRd+LGvzHTzkJbDwQO59zLzTl+zJlUtv1tlBYWl5ZXyquVtfWNzS1ze6clo0QQ2iQRj0THx5JyFtKmYorTTiwoDnxO2/7oMvfb91RIFoW3ahxTL8CDkPUZwUpLXRO5AVZDgnl6lcFz6KZ2DaIatCwL3h0hN4OuYIOhwkJED9 Cxa8jrmlXbsieA8wQVpAoKNLrmp9uLSBLQUBGOpXSQHSsvxUIxwmlWcRNJY0xGeEAdTUMcUOmlk2gZPNBKD/YjoV+o4ET9vZHiQMpx4OvJPIic9XLxP89JVP/MS1kYJ4qGZHqon3CoIpj3BHtMUKL4WBNMBNN/hWSIBSZKt1nRJaDZyPOkdWwh20I3J9X6RVFHGeyBfXAIEDgFdXANGqAJCHgEz+AVvBlPxovxbnxMR0tGsbML/sD4+gEmC53O</latexit><latexit sha1_base64="ZxTW/xcpuJAGEpLdq4VvimartJM=">AAACGnicbVDLSgMxFM3UV62vUZdugkVwUYeJCIqrogguK9gHzAwlk6ZtaOZhklHKMN/hxl9x40IRd+LGvzHTzkJbDwQO59zLzTl+zJlUtv1tlBYWl5ZXyquVtfWNzS1ze6clo0QQ2iQRj0THx5JyFtKmYorTTiwoDnxO2/7oMvfb91RIFoW3ahxTL8CDkPUZwUpLXRO5AVZDgnl6lcFz6KZ2DaIatCwL3h0hN4OuYIOhwkJED9 Cxa8jrmlXbsieA8wQVpAoKNLrmp9uLSBLQUBGOpXSQHSsvxUIxwmlWcRNJY0xGeEAdTUMcUOmlk2gZPNBKD/YjoV+o4ET9vZHiQMpx4OvJPIic9XLxP89JVP/MS1kYJ4qGZHqon3CoIpj3BHtMUKL4WBNMBNN/hWSIBSZKt1nRJaDZyPOkdWwh20I3J9X6RVFHGeyBfXAIEDgFdXANGqAJCHgEz+AVvBlPxovxbnxMR0tGsbML/sD4+gEmC53O</latexit><latexit sha1_base64="ZxTW/xcpuJAGEpLdq4VvimartJM=">AAACGnicbVDLSgMxFM3UV62vUZdugkVwUYeJCIqrogguK9gHzAwlk6ZtaOZhklHKMN/hxl9x40IRd+LGvzHTzkJbDwQO59zLzTl+zJlUtv1tlBYWl5ZXyquVtfWNzS1ze6clo0QQ2iQRj0THx5JyFtKmYorTTiwoDnxO2/7oMvfb91RIFoW3ahxTL8CDkPUZwUpLXRO5AVZDgnl6lcFz6KZ2DaIatCwL3h0hN4OuYIOhwkJED9 Cxa8jrmlXbsieA8wQVpAoKNLrmp9uLSBLQUBGOpXSQHSsvxUIxwmlWcRNJY0xGeEAdTUMcUOmlk2gZPNBKD/YjoV+o4ET9vZHiQMpx4OvJPIic9XLxP89JVP/MS1kYJ4qGZHqon3CoIpj3BHtMUKL4WBNMBNN/hWSIBSZKt1nRJaDZyPOkdWwh20I3J9X6RVFHGeyBfXAIEDgFdXANGqAJCHgEz+AVvBlPxovxbnxMR0tGsbML/sD4+gEmC53O</latexit>

X

x

E(x) = 1
<latexit sha1_base64="PdwIQjuqreox5J8CO2qvY3crdXg=">AAACAnicbVDLSsNAFJ3UV62vqCtxM1iEuimJCLoRiiK4rGAf0IQwmU7boTOTMDORllDc+CtuXCji1q9w5984abPQ1gMXDufcy733hDGjSjvOt1VYWl5ZXSuulzY2t7Z37N29pooSiUkDRyyS7RApwqggDU01I+1YEsRDRlrh8DrzWw9EKhqJez2Oic9RX9AexUgbKbAPPJXwYAQ9jvQAI5beTCqjE3gJ3cAuO1VnCrhI3JyUQY56YH953QgnnAiNGVKq4zqx9lMkNcWMTEpeokiM8BD1ScdQgThRfjp9YQKPjdKFvUiaEhpO1d8TKeJKjXloOrNL1byXif95nUT3LvyUijjRRODZol7CoI5glgfsUkmwZmNDEJbU3ArxAEmEtUmtZEJw519eJM3TqutU3buzcu0qj6MIDsERqAAXnIMauAV10AAYPIJn8ArerCfrxXq3PmatBSuf2Qd/YH3+AJGpljc=</latexit><latexit sha1_base64="PdwIQjuqreox5J8CO2qvY3crdXg=">AAACAnicbVDLSsNAFJ3UV62vqCtxM1iEuimJCLoRiiK4rGAf0IQwmU7boTOTMDORllDc+CtuXCji1q9w5984abPQ1gMXDufcy733hDGjSjvOt1VYWl5ZXSuulzY2t7Z37N29pooSiUkDRyyS7RApwqggDU01I+1YEsRDRlrh8DrzWw9EKhqJez2Oic9RX9AexUgbKbAPPJXwYAQ9jvQAI5beTCqjE3gJ3cAuO1VnCrhI3JyUQY56YH953QgnnAiNGVKq4zqx9lMkNcWMTEpeokiM8BD1ScdQgThRfjp9YQKPjdKFvUiaEhpO1d8TKeJKjXloOrNL1byXif95nUT3LvyUijjRRODZol7CoI5glgfsUkmwZmNDEJbU3ArxAEmEtUmtZEJw519eJM3TqutU3buzcu0qj6MIDsERqAAXnIMauAV10AAYPIJn8ArerCfrxXq3PmatBSuf2Qd/YH3+AJGpljc=</latexit><latexit sha1_base64="PdwIQjuqreox5J8CO2qvY3crdXg=">AAACAnicbVDLSsNAFJ3UV62vqCtxM1iEuimJCLoRiiK4rGAf0IQwmU7boTOTMDORllDc+CtuXCji1q9w5984abPQ1gMXDufcy733hDGjSjvOt1VYWl5ZXSuulzY2t7Z37N29pooSiUkDRyyS7RApwqggDU01I+1YEsRDRlrh8DrzWw9EKhqJez2Oic9RX9AexUgbKbAPPJXwYAQ9jvQAI5beTCqjE3gJ3cAuO1VnCrhI3JyUQY56YH953QgnnAiNGVKq4zqx9lMkNcWMTEpeokiM8BD1ScdQgThRfjp9YQKPjdKFvUiaEhpO1d8TKeJKjXloOrNL1byXif95nUT3LvyUijjRRODZol7CoI5glgfsUkmwZmNDEJbU3ArxAEmEtUmtZEJw519eJM3TqutU3buzcu0qj6MIDsERqAAXnIMauAV10AAYPIJn8ArerCfrxXq3PmatBSuf2Qd/YH3+AJGpljc=</latexit><latexit sha1_base64="PdwIQjuqreox5J8CO2qvY3crdXg=">AAACAnicbVDLSsNAFJ3UV62vqCtxM1iEuimJCLoRiiK4rGAf0IQwmU7boTOTMDORllDc+CtuXCji1q9w5984abPQ1gMXDufcy733hDGjSjvOt1VYWl5ZXSuulzY2t7Z37N29pooSiUkDRyyS7RApwqggDU01I+1YEsRDRlrh8DrzWw9EKhqJez2Oic9RX9AexUgbKbAPPJXwYAQ9jvQAI5beTCqjE3gJ3cAuO1VnCrhI3JyUQY56YH953QgnnAiNGVKq4zqx9lMkNcWMTEpeokiM8BD1ScdQgThRfjp9YQKPjdKFvUiaEhpO1d8TKeJKjXloOrNL1byXif95nUT3LvyUijjRRODZol7CoI5glgfsUkmwZmNDEJbU3ArxAEmEtUmtZEJw519eJM3TqutU3buzcu0qj6MIDsERqAAXnIMauAV10AAYPIJn8ArerCfrxXq3PmatBSuf2Qd/YH3+AJGpljc=</latexit>

p
n  std(E) ⌧ q

<latexit sha1_base64="h1JbkxxABN2Bj18vJyvKSJZA8rQ=">AAACDXicbVBNS8NAEN34WetX1aOXxSrUS0lE0GNRBI8V7Ac0oWw223bpZpPuToQS+ge8+Fe8eFDEq3dv/hs3bQ7a+mDg8d4MM/P8WHANtv1tLS2vrK6tFzaKm1vbO7ulvf2mjhJFWYNGIlJtn2gmuGQN4CBYO1aMhL5gLX94nfmtB6Y0j+Q9jGPmhaQveY9TAkbqlo5dPVKQygl2BRthDUHFDQkMKBHpzeTUqAKPuqWyXbWnwIvEyUkZ5ah3S19uENEkZBKoIFp3HDsGLyUKOBVsUnQTzWJCh6TPOoZKEjLtpdNvJvjEKAHuRcqUBDxVf0+kJNR6HPqmM7tUz3uZ+J/XSaB36aVcxgkwSWeLeonAEOEsGhxwxSiIsSGEKm5uxXRAFKFgAiyaEJz5lxdJ86zq2FXn7rxcu8rjKKBDdIQqyEEXqIZuUR01EEWP6Bm9ojfryXqx3q2PWeuSlc8coD+wPn8A8nSbcQ==</latexit><latexit sha1_base64="h1JbkxxABN2Bj18vJyvKSJZA8rQ=">AAACDXicbVBNS8NAEN34WetX1aOXxSrUS0lE0GNRBI8V7Ac0oWw223bpZpPuToQS+ge8+Fe8eFDEq3dv/hs3bQ7a+mDg8d4MM/P8WHANtv1tLS2vrK6tFzaKm1vbO7ulvf2mjhJFWYNGIlJtn2gmuGQN4CBYO1aMhL5gLX94nfmtB6Y0j+Q9jGPmhaQveY9TAkbqlo5dPVKQygl2BRthDUHFDQkMKBHpzeTUqAKPuqWyXbWnwIvEyUkZ5ah3S19uENEkZBKoIFp3HDsGLyUKOBVsUnQTzWJCh6TPOoZKEjLtpdNvJvjEKAHuRcqUBDxVf0+kJNR6HPqmM7tUz3uZ+J/XSaB36aVcxgkwSWeLeonAEOEsGhxwxSiIsSGEKm5uxXRAFKFgAiyaEJz5lxdJ86zq2FXn7rxcu8rjKKBDdIQqyEEXqIZuUR01EEWP6Bm9ojfryXqx3q2PWeuSlc8coD+wPn8A8nSbcQ==</latexit><latexit sha1_base64="h1JbkxxABN2Bj18vJyvKSJZA8rQ=">AAACDXicbVBNS8NAEN34WetX1aOXxSrUS0lE0GNRBI8V7Ac0oWw223bpZpPuToQS+ge8+Fe8eFDEq3dv/hs3bQ7a+mDg8d4MM/P8WHANtv1tLS2vrK6tFzaKm1vbO7ulvf2mjhJFWYNGIlJtn2gmuGQN4CBYO1aMhL5gLX94nfmtB6Y0j+Q9jGPmhaQveY9TAkbqlo5dPVKQygl2BRthDUHFDQkMKBHpzeTUqAKPuqWyXbWnwIvEyUkZ5ah3S19uENEkZBKoIFp3HDsGLyUKOBVsUnQTzWJCh6TPOoZKEjLtpdNvJvjEKAHuRcqUBDxVf0+kJNR6HPqmM7tUz3uZ+J/XSaB36aVcxgkwSWeLeonAEOEsGhxwxSiIsSGEKm5uxXRAFKFgAiyaEJz5lxdJ86zq2FXn7rxcu8rjKKBDdIQqyEEXqIZuUR01EEWP6Bm9ojfryXqx3q2PWeuSlc8coD+wPn8A8nSbcQ==</latexit><latexit sha1_base64="h1JbkxxABN2Bj18vJyvKSJZA8rQ=">AAACDXicbVBNS8NAEN34WetX1aOXxSrUS0lE0GNRBI8V7Ac0oWw223bpZpPuToQS+ge8+Fe8eFDEq3dv/hs3bQ7a+mDg8d4MM/P8WHANtv1tLS2vrK6tFzaKm1vbO7ulvf2mjhJFWYNGIlJtn2gmuGQN4CBYO1aMhL5gLX94nfmtB6Y0j+Q9jGPmhaQveY9TAkbqlo5dPVKQygl2BRthDUHFDQkMKBHpzeTUqAKPuqWyXbWnwIvEyUkZ5ah3S19uENEkZBKoIFp3HDsGLyUKOBVsUnQTzWJCh6TPOoZKEjLtpdNvJvjEKAHuRcqUBDxVf0+kJNR6HPqmM7tUz3uZ+J/XSaB36aVcxgkwSWeLeonAEOEsGhxwxSiIsSGEKm5uxXRAFKFgAiyaEJz5lxdJ86zq2FXn7rxcu8rjKKBDdIQqyEEXqIZuUR01EEWP6Bm9ojfryXqx3q2PWeuSlc8coD+wPn8A8nSbcQ==</latexit>

Dimension error distributionn, q = poly(n),m = O(n log(q)), E
<latexit sha1_base64="mynmArnCcOR6EqObIfy7+xS+Qj8=">AAACGHicbVDLSgMxFM3UV62vUZdugkWYQqkzIiiIUBTBnRXsAzqlZNK0hmaSaZIRytDPcOOvuHGhiNvu/BvTdhbaeiBwcs693HtPEDGqtOt+W5ml5ZXVtex6bmNza3vH3t2rKRFLTKpYMCEbAVKEUU6qmmpGGpEkKAwYqQf964lffyJSUcEf9DAirRD1OO1SjLSR2vYxL8IBvISRYEOHF4owNJ87h0P/AjLRcwYFo/kh0o8YseRm1LbzbsmdAi4SLyV5kKLStsd+R+A4JFxjhpRqem6kWwmSmmJGRjk/ViRCuI96pGkoRyFRrWR62AgeGaUDu0KaxzWcqr87EhQqNQwDUzlZUc17E/E/rxnr7nkroTyKNeF4NqgbM6gFnKQEO1QSrNnQEIQlNbtC/IgkwtpkmTMhePMnL5LaSclzS979ab58lcaRBQfgEDjAA2egDG5BBVQBBs/gFbyDD+vFerM+ra9ZacZKe/bBH1jjH8mXnIo=</latexit><latexit sha1_base64="mynmArnCcOR6EqObIfy7+xS+Qj8=">AAACGHicbVDLSgMxFM3UV62vUZdugkWYQqkzIiiIUBTBnRXsAzqlZNK0hmaSaZIRytDPcOOvuHGhiNvu/BvTdhbaeiBwcs693HtPEDGqtOt+W5ml5ZXVtex6bmNza3vH3t2rKRFLTKpYMCEbAVKEUU6qmmpGGpEkKAwYqQf964lffyJSUcEf9DAirRD1OO1SjLSR2vYxL8IBvISRYEOHF4owNJ87h0P/AjLRcwYFo/kh0o8YseRm1LbzbsmdAi4SLyV5kKLStsd+R+A4JFxjhpRqem6kWwmSmmJGRjk/ViRCuI96pGkoRyFRrWR62AgeGaUDu0KaxzWcqr87EhQqNQwDUzlZUc17E/E/rxnr7nkroTyKNeF4NqgbM6gFnKQEO1QSrNnQEIQlNbtC/IgkwtpkmTMhePMnL5LaSclzS979ab58lcaRBQfgEDjAA2egDG5BBVQBBs/gFbyDD+vFerM+ra9ZacZKe/bBH1jjH8mXnIo=</latexit><latexit sha1_base64="mynmArnCcOR6EqObIfy7+xS+Qj8=">AAACGHicbVDLSgMxFM3UV62vUZdugkWYQqkzIiiIUBTBnRXsAzqlZNK0hmaSaZIRytDPcOOvuHGhiNvu/BvTdhbaeiBwcs693HtPEDGqtOt+W5ml5ZXVtex6bmNza3vH3t2rKRFLTKpYMCEbAVKEUU6qmmpGGpEkKAwYqQf964lffyJSUcEf9DAirRD1OO1SjLSR2vYxL8IBvISRYEOHF4owNJ87h0P/AjLRcwYFo/kh0o8YseRm1LbzbsmdAi4SLyV5kKLStsd+R+A4JFxjhpRqem6kWwmSmmJGRjk/ViRCuI96pGkoRyFRrWR62AgeGaUDu0KaxzWcqr87EhQqNQwDUzlZUc17E/E/rxnr7nkroTyKNeF4NqgbM6gFnKQEO1QSrNnQEIQlNbtC/IgkwtpkmTMhePMnL5LaSclzS979ab58lcaRBQfgEDjAA2egDG5BBVQBBs/gFbyDD+vFerM+ra9ZacZKe/bBH1jjH8mXnIo=</latexit><latexit sha1_base64="mynmArnCcOR6EqObIfy7+xS+Qj8=">AAACGHicbVDLSgMxFM3UV62vUZdugkWYQqkzIiiIUBTBnRXsAzqlZNK0hmaSaZIRytDPcOOvuHGhiNvu/BvTdhbaeiBwcs693HtPEDGqtOt+W5ml5ZXVtex6bmNza3vH3t2rKRFLTKpYMCEbAVKEUU6qmmpGGpEkKAwYqQf964lffyJSUcEf9DAirRD1OO1SjLSR2vYxL8IBvISRYEOHF4owNJ87h0P/AjLRcwYFo/kh0o8YseRm1LbzbsmdAi4SLyV5kKLStsd+R+A4JFxjhpRqem6kWwmSmmJGRjk/ViRCuI96pGkoRyFRrWR62AgeGaUDu0KaxzWcqr87EhQqNQwDUzlZUc17E/E/rxnr7nkroTyKNeF4NqgbM6gFnKQEO1QSrNnQEIQlNbtC/IgkwtpkmTMhePMnL5LaSclzS979ab58lcaRBQfgEDjAA2egDG5BBVQBBs/gFbyDD+vFerM+ra9ZacZKe/bBH1jjH8mXnIo=</latexit>

Error distribution is typically a discrete Gaussian



Learning With Errors (LWE)

Parameters

E : {0, 1, ...q � 1} ! [0, 1]
<latexit sha1_base64="ZxTW/xcpuJAGEpLdq4VvimartJM=">AAACGnicbVDLSgMxFM3UV62vUZdugkVwUYeJCIqrogguK9gHzAwlk6ZtaOZhklHKMN/hxl9x40IRd+LGvzHTzkJbDwQO59zLzTl+zJlUtv1tlBYWl5ZXyquVtfWNzS1ze6clo0QQ2iQRj0THx5JyFtKmYorTTiwoDnxO2/7oMvfb91RIFoW3ahxTL8CDkPUZwUpLXRO5AVZDgnl6lcFz6KZ2DaIatCwL3h0hN4OuYIOhwkJED9 Cxa8jrmlXbsieA8wQVpAoKNLrmp9uLSBLQUBGOpXSQHSsvxUIxwmlWcRNJY0xGeEAdTUMcUOmlk2gZPNBKD/YjoV+o4ET9vZHiQMpx4OvJPIic9XLxP89JVP/MS1kYJ4qGZHqon3CoIpj3BHtMUKL4WBNMBNN/hWSIBSZKt1nRJaDZyPOkdWwh20I3J9X6RVFHGeyBfXAIEDgFdXANGqAJCHgEz+AVvBlPxovxbnxMR0tGsbML/sD4+gEmC53O</latexit><latexit sha1_base64="ZxTW/xcpuJAGEpLdq4VvimartJM=">AAACGnicbVDLSgMxFM3UV62vUZdugkVwUYeJCIqrogguK9gHzAwlk6ZtaOZhklHKMN/hxl9x40IRd+LGvzHTzkJbDwQO59zLzTl+zJlUtv1tlBYWl5ZXyquVtfWNzS1ze6clo0QQ2iQRj0THx5JyFtKmYorTTiwoDnxO2/7oMvfb91RIFoW3ahxTL8CDkPUZwUpLXRO5AVZDgnl6lcFz6KZ2DaIatCwL3h0hN4OuYIOhwkJED9 Cxa8jrmlXbsieA8wQVpAoKNLrmp9uLSBLQUBGOpXSQHSsvxUIxwmlWcRNJY0xGeEAdTUMcUOmlk2gZPNBKD/YjoV+o4ET9vZHiQMpx4OvJPIic9XLxP89JVP/MS1kYJ4qGZHqon3CoIpj3BHtMUKL4WBNMBNN/hWSIBSZKt1nRJaDZyPOkdWwh20I3J9X6RVFHGeyBfXAIEDgFdXANGqAJCHgEz+AVvBlPxovxbnxMR0tGsbML/sD4+gEmC53O</latexit><latexit sha1_base64="ZxTW/xcpuJAGEpLdq4VvimartJM=">AAACGnicbVDLSgMxFM3UV62vUZdugkVwUYeJCIqrogguK9gHzAwlk6ZtaOZhklHKMN/hxl9x40IRd+LGvzHTzkJbDwQO59zLzTl+zJlUtv1tlBYWl5ZXyquVtfWNzS1ze6clo0QQ2iQRj0THx5JyFtKmYorTTiwoDnxO2/7oMvfb91RIFoW3ahxTL8CDkPUZwUpLXRO5AVZDgnl6lcFz6KZ2DaIatCwL3h0hN4OuYIOhwkJED9 Cxa8jrmlXbsieA8wQVpAoKNLrmp9uLSBLQUBGOpXSQHSsvxUIxwmlWcRNJY0xGeEAdTUMcUOmlk2gZPNBKD/YjoV+o4ET9vZHiQMpx4OvJPIic9XLxP89JVP/MS1kYJ4qGZHqon3CoIpj3BHtMUKL4WBNMBNN/hWSIBSZKt1nRJaDZyPOkdWwh20I3J9X6RVFHGeyBfXAIEDgFdXANGqAJCHgEz+AVvBlPxovxbnxMR0tGsbML/sD4+gEmC53O</latexit><latexit sha1_base64="ZxTW/xcpuJAGEpLdq4VvimartJM=">AAACGnicbVDLSgMxFM3UV62vUZdugkVwUYeJCIqrogguK9gHzAwlk6ZtaOZhklHKMN/hxl9x40IRd+LGvzHTzkJbDwQO59zLzTl+zJlUtv1tlBYWl5ZXyquVtfWNzS1ze6clo0QQ2iQRj0THx5JyFtKmYorTTiwoDnxO2/7oMvfb91RIFoW3ahxTL8CDkPUZwUpLXRO5AVZDgnl6lcFz6KZ2DaIatCwL3h0hN4OuYIOhwkJED9 Cxa8jrmlXbsieA8wQVpAoKNLrmp9uLSBLQUBGOpXSQHSsvxUIxwmlWcRNJY0xGeEAdTUMcUOmlk2gZPNBKD/YjoV+o4ET9vZHiQMpx4OvJPIic9XLxP89JVP/MS1kYJ4qGZHqon3CoIpj3BHtMUKL4WBNMBNN/hWSIBSZKt1nRJaDZyPOkdWwh20I3J9X6RVFHGeyBfXAIEDgFdXANGqAJCHgEz+AVvBlPxovxbnxMR0tGsbML/sD4+gEmC53O</latexit>

X

x

E(x) = 1
<latexit sha1_base64="PdwIQjuqreox5J8CO2qvY3crdXg=">AAACAnicbVDLSsNAFJ3UV62vqCtxM1iEuimJCLoRiiK4rGAf0IQwmU7boTOTMDORllDc+CtuXCji1q9w5984abPQ1gMXDufcy733hDGjSjvOt1VYWl5ZXSuulzY2t7Z37N29pooSiUkDRyyS7RApwqggDU01I+1YEsRDRlrh8DrzWw9EKhqJez2Oic9RX9AexUgbKbAPPJXwYAQ9jvQAI5beTCqjE3gJ3cAuO1VnCrhI3JyUQY56YH953QgnnAiNGVKq4zqx9lMkNcWMTEpeokiM8BD1ScdQgThRfjp9YQKPjdKFvUiaEhpO1d8TKeJKjXloOrNL1byXif95nUT3LvyUijjRRODZol7CoI5glgfsUkmwZmNDEJbU3ArxAEmEtUmtZEJw519eJM3TqutU3buzcu0qj6MIDsERqAAXnIMauAV10AAYPIJn8ArerCfrxXq3PmatBSuf2Qd/YH3+AJGpljc=</latexit><latexit sha1_base64="PdwIQjuqreox5J8CO2qvY3crdXg=">AAACAnicbVDLSsNAFJ3UV62vqCtxM1iEuimJCLoRiiK4rGAf0IQwmU7boTOTMDORllDc+CtuXCji1q9w5984abPQ1gMXDufcy733hDGjSjvOt1VYWl5ZXSuulzY2t7Z37N29pooSiUkDRyyS7RApwqggDU01I+1YEsRDRlrh8DrzWw9EKhqJez2Oic9RX9AexUgbKbAPPJXwYAQ9jvQAI5beTCqjE3gJ3cAuO1VnCrhI3JyUQY56YH953QgnnAiNGVKq4zqx9lMkNcWMTEpeokiM8BD1ScdQgThRfjp9YQKPjdKFvUiaEhpO1d8TKeJKjXloOrNL1byXif95nUT3LvyUijjRRODZol7CoI5glgfsUkmwZmNDEJbU3ArxAEmEtUmtZEJw519eJM3TqutU3buzcu0qj6MIDsERqAAXnIMauAV10AAYPIJn8ArerCfrxXq3PmatBSuf2Qd/YH3+AJGpljc=</latexit><latexit sha1_base64="PdwIQjuqreox5J8CO2qvY3crdXg=">AAACAnicbVDLSsNAFJ3UV62vqCtxM1iEuimJCLoRiiK4rGAf0IQwmU7boTOTMDORllDc+CtuXCji1q9w5984abPQ1gMXDufcy733hDGjSjvOt1VYWl5ZXSuulzY2t7Z37N29pooSiUkDRyyS7RApwqggDU01I+1YEsRDRlrh8DrzWw9EKhqJez2Oic9RX9AexUgbKbAPPJXwYAQ9jvQAI5beTCqjE3gJ3cAuO1VnCrhI3JyUQY56YH953QgnnAiNGVKq4zqx9lMkNcWMTEpeokiM8BD1ScdQgThRfjp9YQKPjdKFvUiaEhpO1d8TKeJKjXloOrNL1byXif95nUT3LvyUijjRRODZol7CoI5glgfsUkmwZmNDEJbU3ArxAEmEtUmtZEJw519eJM3TqutU3buzcu0qj6MIDsERqAAXnIMauAV10AAYPIJn8ArerCfrxXq3PmatBSuf2Qd/YH3+AJGpljc=</latexit><latexit sha1_base64="PdwIQjuqreox5J8CO2qvY3crdXg=">AAACAnicbVDLSsNAFJ3UV62vqCtxM1iEuimJCLoRiiK4rGAf0IQwmU7boTOTMDORllDc+CtuXCji1q9w5984abPQ1gMXDufcy733hDGjSjvOt1VYWl5ZXSuulzY2t7Z37N29pooSiUkDRyyS7RApwqggDU01I+1YEsRDRlrh8DrzWw9EKhqJez2Oic9RX9AexUgbKbAPPJXwYAQ9jvQAI5beTCqjE3gJ3cAuO1VnCrhI3JyUQY56YH953QgnnAiNGVKq4zqx9lMkNcWMTEpeokiM8BD1ScdQgThRfjp9YQKPjdKFvUiaEhpO1d8TKeJKjXloOrNL1byXif95nUT3LvyUijjRRODZol7CoI5glgfsUkmwZmNDEJbU3ArxAEmEtUmtZEJw519eJM3TqutU3buzcu0qj6MIDsERqAAXnIMauAV10AAYPIJn8ArerCfrxXq3PmatBSuf2Qd/YH3+AJGpljc=</latexit>

Problem

Input: A 2 Zm⇥n
q , b 2 Zm

q , E
<latexit sha1_base64="eFUt4wF4Elr7UgUZvRab9WmpVC8=">AAACK3icbVDLSgMxFM3UV62vUZdugkVwIWVGBF3WiuCygn1gp5ZMmrahSWZMMkIZ5n/c+CsudOEDt/6HmekstPVA4OTce7nnHj9kVGnH+bAKC4tLyyvF1dLa+sbmlr2901RBJDFp4IAFsu0jRRgVpKGpZqQdSoK4z0jLH1+k9dYDkYoG4kZPQtLlaCjogGKkjdSza+fQowJ6HOmR78e3yV3MoacpJwqKpHd/BP3ZBp6q2R8jFl8mPbvsVJwMcJ64OSmDHPWe/eL1AxxxIjRmSKmO64S6GyOpKWYkKXmRIiHCYzQkHUMFMma6cXZrAg+M0oeDQJonNMzU3xMx4kpNuG86U4tqtpaK/9U6kR6cdWMqwkgTgaeLBhGDOoBpcLBPJcGaTQxBWFLjFeIRkghrE2/JhODOnjxPmscV16m41yflai2Powj2wD44BC44BVVwBeqgATB4BM/gDbxbT9ar9Wl9TVsLVj6zC/7A+v4BvAKnZQ==</latexit><latexit sha1_base64="eFUt4wF4Elr7UgUZvRab9WmpVC8=">AAACK3icbVDLSgMxFM3UV62vUZdugkVwIWVGBF3WiuCygn1gp5ZMmrahSWZMMkIZ5n/c+CsudOEDt/6HmekstPVA4OTce7nnHj9kVGnH+bAKC4tLyyvF1dLa+sbmlr2901RBJDFp4IAFsu0jRRgVpKGpZqQdSoK4z0jLH1+k9dYDkYoG4kZPQtLlaCjogGKkjdSza+fQowJ6HOmR78e3yV3MoacpJwqKpHd/BP3ZBp6q2R8jFl8mPbvsVJwMcJ64OSmDHPWe/eL1AxxxIjRmSKmO64S6GyOpKWYkKXmRIiHCYzQkHUMFMma6cXZrAg+M0oeDQJonNMzU3xMx4kpNuG86U4tqtpaK/9U6kR6cdWMqwkgTgaeLBhGDOoBpcLBPJcGaTQxBWFLjFeIRkghrE2/JhODOnjxPmscV16m41yflai2Powj2wD44BC44BVVwBeqgATB4BM/gDbxbT9ar9Wl9TVsLVj6zC/7A+v4BvAKnZQ==</latexit><latexit sha1_base64="eFUt4wF4Elr7UgUZvRab9WmpVC8=">AAACK3icbVDLSgMxFM3UV62vUZdugkVwIWVGBF3WiuCygn1gp5ZMmrahSWZMMkIZ5n/c+CsudOEDt/6HmekstPVA4OTce7nnHj9kVGnH+bAKC4tLyyvF1dLa+sbmlr2901RBJDFp4IAFsu0jRRgVpKGpZqQdSoK4z0jLH1+k9dYDkYoG4kZPQtLlaCjogGKkjdSza+fQowJ6HOmR78e3yV3MoacpJwqKpHd/BP3ZBp6q2R8jFl8mPbvsVJwMcJ64OSmDHPWe/eL1AxxxIjRmSKmO64S6GyOpKWYkKXmRIiHCYzQkHUMFMma6cXZrAg+M0oeDQJonNMzU3xMx4kpNuG86U4tqtpaK/9U6kR6cdWMqwkgTgaeLBhGDOoBpcLBPJcGaTQxBWFLjFeIRkghrE2/JhODOnjxPmscV16m41yflai2Powj2wD44BC44BVVwBeqgATB4BM/gDbxbT9ar9Wl9TVsLVj6zC/7A+v4BvAKnZQ==</latexit><latexit sha1_base64="eFUt4wF4Elr7UgUZvRab9WmpVC8=">AAACK3icbVDLSgMxFM3UV62vUZdugkVwIWVGBF3WiuCygn1gp5ZMmrahSWZMMkIZ5n/c+CsudOEDt/6HmekstPVA4OTce7nnHj9kVGnH+bAKC4tLyyvF1dLa+sbmlr2901RBJDFp4IAFsu0jRRgVpKGpZqQdSoK4z0jLH1+k9dYDkYoG4kZPQtLlaCjogGKkjdSza+fQowJ6HOmR78e3yV3MoacpJwqKpHd/BP3ZBp6q2R8jFl8mPbvsVJwMcJ64OSmDHPWe/eL1AxxxIjRmSKmO64S6GyOpKWYkKXmRIiHCYzQkHUMFMma6cXZrAg+M0oeDQJonNMzU3xMx4kpNuG86U4tqtpaK/9U6kR6cdWMqwkgTgaeLBhGDOoBpcLBPJcGaTQxBWFLjFeIRkghrE2/JhODOnjxPmscV16m41yflai2Powj2wD44BC44BVVwBeqgATB4BM/gDbxbT9ar9Wl9TVsLVj6zC/7A+v4BvAKnZQ==</latexit>

Output: s 2 Zn
q

<latexit sha1_base64="U2eKBBVyP8wh1lbskxOMWkES8qg=">AAAB/XicbVDLSsNAFL3xWesrPnZuBovgqiQi6LLoxmUF+8Amhsl00g6dTOLMRKih+CtuXCji1v9w5984abvQ1gMDh3Pu5Z45YcqZ0o7zbS0sLi2vrJbWyusbm1vb9s5uUyWZJLRBEp7IdogV5UzQhmaa03YqKY5DTlvh4LLwWw9UKpaIGz1MqR/jnmARI1gbKbD3FfKYQF6MdT8M89vRnQjuA7viVJ0x0Dxxp6QCU9QD+8vrJiSLqdCEY6U6rpNqP8dSM8LpqOxliqaYDHCPdgwVOKbKz8fpR+jIKF0UJdI8odFY/b2R41ipYRyaySKlmvUK8T+vk+no3M+ZSDNNBZkcijKOdIKKKlCXSUo0HxqCiWQmKyJ9LDHRprCyKcGd/fI8aZ5UXafqXp9WahfTOkpwAIdwDC6cQQ2uoA4NIPAIz/AKb9aT9WK9Wx+T0QVrurMHf2B9/gA3uZUR</latexit><latexit sha1_base64="U2eKBBVyP8wh1lbskxOMWkES8qg=">AAAB/XicbVDLSsNAFL3xWesrPnZuBovgqiQi6LLoxmUF+8Amhsl00g6dTOLMRKih+CtuXCji1v9w5984abvQ1gMDh3Pu5Z45YcqZ0o7zbS0sLi2vrJbWyusbm1vb9s5uUyWZJLRBEp7IdogV5UzQhmaa03YqKY5DTlvh4LLwWw9UKpaIGz1MqR/jnmARI1gbKbD3FfKYQF6MdT8M89vRnQjuA7viVJ0x0Dxxp6QCU9QD+8vrJiSLqdCEY6U6rpNqP8dSM8LpqOxliqaYDHCPdgwVOKbKz8fpR+jIKF0UJdI8odFY/b2R41ipYRyaySKlmvUK8T+vk+no3M+ZSDNNBZkcijKOdIKKKlCXSUo0HxqCiWQmKyJ9LDHRprCyKcGd/fI8aZ5UXafqXp9WahfTOkpwAIdwDC6cQQ2uoA4NIPAIz/AKb9aT9WK9Wx+T0QVrurMHf2B9/gA3uZUR</latexit><latexit sha1_base64="U2eKBBVyP8wh1lbskxOMWkES8qg=">AAAB/XicbVDLSsNAFL3xWesrPnZuBovgqiQi6LLoxmUF+8Amhsl00g6dTOLMRKih+CtuXCji1v9w5984abvQ1gMDh3Pu5Z45YcqZ0o7zbS0sLi2vrJbWyusbm1vb9s5uUyWZJLRBEp7IdogV5UzQhmaa03YqKY5DTlvh4LLwWw9UKpaIGz1MqR/jnmARI1gbKbD3FfKYQF6MdT8M89vRnQjuA7viVJ0x0Dxxp6QCU9QD+8vrJiSLqdCEY6U6rpNqP8dSM8LpqOxliqaYDHCPdgwVOKbKz8fpR+jIKF0UJdI8odFY/b2R41ipYRyaySKlmvUK8T+vk+no3M+ZSDNNBZkcijKOdIKKKlCXSUo0HxqCiWQmKyJ9LDHRprCyKcGd/fI8aZ5UXafqXp9WahfTOkpwAIdwDC6cQQ2uoA4NIPAIz/AKb9aT9WK9Wx+T0QVrurMHf2B9/gA3uZUR</latexit><latexit sha1_base64="U2eKBBVyP8wh1lbskxOMWkES8qg=">AAAB/XicbVDLSsNAFL3xWesrPnZuBovgqiQi6LLoxmUF+8Amhsl00g6dTOLMRKih+CtuXCji1v9w5984abvQ1gMDh3Pu5Z45YcqZ0o7zbS0sLi2vrJbWyusbm1vb9s5uUyWZJLRBEp7IdogV5UzQhmaa03YqKY5DTlvh4LLwWw9UKpaIGz1MqR/jnmARI1gbKbD3FfKYQF6MdT8M89vRnQjuA7viVJ0x0Dxxp6QCU9QD+8vrJiSLqdCEY6U6rpNqP8dSM8LpqOxliqaYDHCPdgwVOKbKz8fpR+jIKF0UJdI8odFY/b2R41ipYRyaySKlmvUK8T+vk+no3M+ZSDNNBZkcijKOdIKKKlCXSUo0HxqCiWQmKyJ9LDHRprCyKcGd/fI8aZ5UXafqXp9WahfTOkpwAIdwDC6cQQ2uoA4NIPAIz/AKb9aT9WK9Wx+T0QVrurMHf2B9/gA3uZUR</latexit>

Let e R Em
<latexit sha1_base64="retR0NHuOywX2UVOQR/oKKtguV8=">AAACBXicbVDLSsNAFJ3UV62vqEtdDBbBVUlE0GVRBJdV7AOaGCbTm3bo5MHMRCmhGzf+ihsXirj1H9z5N07aLLT1wIXDOfdy7z1+wplUlvVtlBYWl5ZXyquVtfWNzS1ze6cl41RQaNKYx6LjEwmcRdBUTHHoJAJI6HNo+8OL3G/fg5Asjm7VKAE3JP2IBYwSpSXP3AfscAgUESJ+8G6wExI1oIRnl+O70DOrVs2aAM8TuyBVVKDhmV9OL6ZpCJGinEjZta1EuRkRilEO44qTSkgIHZI+dDWNSAjSzSZfjPGhVno4iIWuSOGJ+nsiI6GUo9DXnfmRctbLxf+8bqqCMzdjUZIqiOh0UZByrGKcR4J7TABVfKQJoYLpWzEdEEGo0sFVdAj27MvzpHVcs62afX1SrZ8XcZTRHjpAR8hGp6iOrlADNRFFj+gZvaI348l4Md6Nj2lryShmdtEfGJ8/c+2YiQ==</latexit><latexit sha1_base64="retR0NHuOywX2UVOQR/oKKtguV8=">AAACBXicbVDLSsNAFJ3UV62vqEtdDBbBVUlE0GVRBJdV7AOaGCbTm3bo5MHMRCmhGzf+ihsXirj1H9z5N07aLLT1wIXDOfdy7z1+wplUlvVtlBYWl5ZXyquVtfWNzS1ze6cl41RQaNKYx6LjEwmcRdBUTHHoJAJI6HNo+8OL3G/fg5Asjm7VKAE3JP2IBYwSpSXP3AfscAgUESJ+8G6wExI1oIRnl+O70DOrVs2aAM8TuyBVVKDhmV9OL6ZpCJGinEjZta1EuRkRilEO44qTSkgIHZI+dDWNSAjSzSZfjPGhVno4iIWuSOGJ+nsiI6GUo9DXnfmRctbLxf+8bqqCMzdjUZIqiOh0UZByrGKcR4J7TABVfKQJoYLpWzEdEEGo0sFVdAj27MvzpHVcs62afX1SrZ8XcZTRHjpAR8hGp6iOrlADNRFFj+gZvaI348l4Md6Nj2lryShmdtEfGJ8/c+2YiQ==</latexit><latexit sha1_base64="retR0NHuOywX2UVOQR/oKKtguV8=">AAACBXicbVDLSsNAFJ3UV62vqEtdDBbBVUlE0GVRBJdV7AOaGCbTm3bo5MHMRCmhGzf+ihsXirj1H9z5N07aLLT1wIXDOfdy7z1+wplUlvVtlBYWl5ZXyquVtfWNzS1ze6cl41RQaNKYx6LjEwmcRdBUTHHoJAJI6HNo+8OL3G/fg5Asjm7VKAE3JP2IBYwSpSXP3AfscAgUESJ+8G6wExI1oIRnl+O70DOrVs2aAM8TuyBVVKDhmV9OL6ZpCJGinEjZta1EuRkRilEO44qTSkgIHZI+dDWNSAjSzSZfjPGhVno4iIWuSOGJ+nsiI6GUo9DXnfmRctbLxf+8bqqCMzdjUZIqiOh0UZByrGKcR4J7TABVfKQJoYLpWzEdEEGo0sFVdAj27MvzpHVcs62afX1SrZ8XcZTRHjpAR8hGp6iOrlADNRFFj+gZvaI348l4Md6Nj2lryShmdtEfGJ8/c+2YiQ==</latexit><latexit sha1_base64="retR0NHuOywX2UVOQR/oKKtguV8=">AAACBXicbVDLSsNAFJ3UV62vqEtdDBbBVUlE0GVRBJdV7AOaGCbTm3bo5MHMRCmhGzf+ihsXirj1H9z5N07aLLT1wIXDOfdy7z1+wplUlvVtlBYWl5ZXyquVtfWNzS1ze6cl41RQaNKYx6LjEwmcRdBUTHHoJAJI6HNo+8OL3G/fg5Asjm7VKAE3JP2IBYwSpSXP3AfscAgUESJ+8G6wExI1oIRnl+O70DOrVs2aAM8TuyBVVKDhmV9OL6ZpCJGinEjZta1EuRkRilEO44qTSkgIHZI+dDWNSAjSzSZfjPGhVno4iIWuSOGJ+nsiI6GUo9DXnfmRctbLxf+8bqqCMzdjUZIqiOh0UZByrGKcR4J7TABVfKQJoYLpWzEdEEGo0sFVdAj27MvzpHVcs62afX1SrZ8XcZTRHjpAR8hGp6iOrlADNRFFj+gZvaI348l4Md6Nj2lryShmdtEfGJ8/c+2YiQ==</latexit>

b = (As+ e) mod q
<latexit sha1_base64="g8wU0+nEtOWjD0jnww+d9zmYSHs=">AAACAXicbVDLSgMxFM3UV62vUTeCm2ARKkKZEUFBhKoblxXsA9qhZDKZNjSTjElGKEPd+CtuXCji1r9w59+YaWeh1QOXezjnXpJ7/JhRpR3nyyrMzS8sLhWXSyura+sb9uZWU4lEYtLAggnZ9pEijHLS0FQz0o4lQZHPSMsfXmV+655IRQW/1aOYeBHqcxpSjLSRevaOD89h5ULBQ0gOYPcMRiLI2l3PLjtVZwL4l7g5KYMc9Z792Q0ETiLCNWZIqY7rxNpLkdQUMzIudRNFYoSHqE86hnIUEeWlkwvGcN8oAQyFNMU1nKg/N1IUKTWKfDMZIT1Qs14m/ud1Eh2eeinlcaIJx9OHwoRBLWAWBwyoJFizkSEIS2r+CvEASYS1Ca1kQnBnT/5LmkdV16m6N8fl2mUeRxHsgj1QAS44ATVwDeqgATB4AE/gBbxaj9az9Wa9T0cLVr6zDX7B+vgGcnaTrg==</latexit><latexit sha1_base64="g8wU0+nEtOWjD0jnww+d9zmYSHs=">AAACAXicbVDLSgMxFM3UV62vUTeCm2ARKkKZEUFBhKoblxXsA9qhZDKZNjSTjElGKEPd+CtuXCji1r9w59+YaWeh1QOXezjnXpJ7/JhRpR3nyyrMzS8sLhWXSyura+sb9uZWU4lEYtLAggnZ9pEijHLS0FQz0o4lQZHPSMsfXmV+655IRQW/1aOYeBHqcxpSjLSRevaOD89h5ULBQ0gOYPcMRiLI2l3PLjtVZwL4l7g5KYMc9Z792Q0ETiLCNWZIqY7rxNpLkdQUMzIudRNFYoSHqE86hnIUEeWlkwvGcN8oAQyFNMU1nKg/N1IUKTWKfDMZIT1Qs14m/ud1Eh2eeinlcaIJx9OHwoRBLWAWBwyoJFizkSEIS2r+CvEASYS1Ca1kQnBnT/5LmkdV16m6N8fl2mUeRxHsgj1QAS44ATVwDeqgATB4AE/gBbxaj9az9Wa9T0cLVr6zDX7B+vgGcnaTrg==</latexit><latexit sha1_base64="g8wU0+nEtOWjD0jnww+d9zmYSHs=">AAACAXicbVDLSgMxFM3UV62vUTeCm2ARKkKZEUFBhKoblxXsA9qhZDKZNjSTjElGKEPd+CtuXCji1r9w59+YaWeh1QOXezjnXpJ7/JhRpR3nyyrMzS8sLhWXSyura+sb9uZWU4lEYtLAggnZ9pEijHLS0FQz0o4lQZHPSMsfXmV+655IRQW/1aOYeBHqcxpSjLSRevaOD89h5ULBQ0gOYPcMRiLI2l3PLjtVZwL4l7g5KYMc9Z792Q0ETiLCNWZIqY7rxNpLkdQUMzIudRNFYoSHqE86hnIUEeWlkwvGcN8oAQyFNMU1nKg/N1IUKTWKfDMZIT1Qs14m/ud1Eh2eeinlcaIJx9OHwoRBLWAWBwyoJFizkSEIS2r+CvEASYS1Ca1kQnBnT/5LmkdV16m6N8fl2mUeRxHsgj1QAS44ATVwDeqgATB4AE/gBbxaj9az9Wa9T0cLVr6zDX7B+vgGcnaTrg==</latexit><latexit sha1_base64="g8wU0+nEtOWjD0jnww+d9zmYSHs=">AAACAXicbVDLSgMxFM3UV62vUTeCm2ARKkKZEUFBhKoblxXsA9qhZDKZNjSTjElGKEPd+CtuXCji1r9w59+YaWeh1QOXezjnXpJ7/JhRpR3nyyrMzS8sLhWXSyura+sb9uZWU4lEYtLAggnZ9pEijHLS0FQz0o4lQZHPSMsfXmV+655IRQW/1aOYeBHqcxpSjLSRevaOD89h5ULBQ0gOYPcMRiLI2l3PLjtVZwL4l7g5KYMc9Z792Q0ETiLCNWZIqY7rxNpLkdQUMzIudRNFYoSHqE86hnIUEeWlkwvGcN8oAQyFNMU1nKg/N1IUKTWKfDMZIT1Qs14m/ud1Eh2eeinlcaIJx9OHwoRBLWAWBwyoJFizkSEIS2r+CvEASYS1Ca1kQnBnT/5LmkdV16m6N8fl2mUeRxHsgj1QAS44ATVwDeqgATB4AE/gBbxaj9az9Wa9T0cLVr6zDX7B+vgGcnaTrg==</latexit>

Error distribution is typically a discrete Gaussian

p
n  std(E) ⌧ q

<latexit sha1_base64="h1JbkxxABN2Bj18vJyvKSJZA8rQ=">AAACDXicbVBNS8NAEN34WetX1aOXxSrUS0lE0GNRBI8V7Ac0oWw223bpZpPuToQS+ge8+Fe8eFDEq3dv/hs3bQ7a+mDg8d4MM/P8WHANtv1tLS2vrK6tFzaKm1vbO7ulvf2mjhJFWYNGIlJtn2gmuGQN4CBYO1aMhL5gLX94nfmtB6Y0j+Q9jGPmhaQveY9TAkbqlo5dPVKQygl2BRthDUHFDQkMKBHpzeTUqAKPuqWyXbWnwIvEyUkZ5ah3S19uENEkZBKoIFp3HDsGLyUKOBVsUnQTzWJCh6TPOoZKEjLtpdNvJvjEKAHuRcqUBDxVf0+kJNR6HPqmM7tUz3uZ+J/XSaB36aVcxgkwSWeLeonAEOEsGhxwxSiIsSGEKm5uxXRAFKFgAiyaEJz5lxdJ86zq2FXn7rxcu8rjKKBDdIQqyEEXqIZuUR01EEWP6Bm9ojfryXqx3q2PWeuSlc8coD+wPn8A8nSbcQ==</latexit><latexit sha1_base64="h1JbkxxABN2Bj18vJyvKSJZA8rQ=">AAACDXicbVBNS8NAEN34WetX1aOXxSrUS0lE0GNRBI8V7Ac0oWw223bpZpPuToQS+ge8+Fe8eFDEq3dv/hs3bQ7a+mDg8d4MM/P8WHANtv1tLS2vrK6tFzaKm1vbO7ulvf2mjhJFWYNGIlJtn2gmuGQN4CBYO1aMhL5gLX94nfmtB6Y0j+Q9jGPmhaQveY9TAkbqlo5dPVKQygl2BRthDUHFDQkMKBHpzeTUqAKPuqWyXbWnwIvEyUkZ5ah3S19uENEkZBKoIFp3HDsGLyUKOBVsUnQTzWJCh6TPOoZKEjLtpdNvJvjEKAHuRcqUBDxVf0+kJNR6HPqmM7tUz3uZ+J/XSaB36aVcxgkwSWeLeonAEOEsGhxwxSiIsSGEKm5uxXRAFKFgAiyaEJz5lxdJ86zq2FXn7rxcu8rjKKBDdIQqyEEXqIZuUR01EEWP6Bm9ojfryXqx3q2PWeuSlc8coD+wPn8A8nSbcQ==</latexit><latexit sha1_base64="h1JbkxxABN2Bj18vJyvKSJZA8rQ=">AAACDXicbVBNS8NAEN34WetX1aOXxSrUS0lE0GNRBI8V7Ac0oWw223bpZpPuToQS+ge8+Fe8eFDEq3dv/hs3bQ7a+mDg8d4MM/P8WHANtv1tLS2vrK6tFzaKm1vbO7ulvf2mjhJFWYNGIlJtn2gmuGQN4CBYO1aMhL5gLX94nfmtB6Y0j+Q9jGPmhaQveY9TAkbqlo5dPVKQygl2BRthDUHFDQkMKBHpzeTUqAKPuqWyXbWnwIvEyUkZ5ah3S19uENEkZBKoIFp3HDsGLyUKOBVsUnQTzWJCh6TPOoZKEjLtpdNvJvjEKAHuRcqUBDxVf0+kJNR6HPqmM7tUz3uZ+J/XSaB36aVcxgkwSWeLeonAEOEsGhxwxSiIsSGEKm5uxXRAFKFgAiyaEJz5lxdJ86zq2FXn7rxcu8rjKKBDdIQqyEEXqIZuUR01EEWP6Bm9ojfryXqx3q2PWeuSlc8coD+wPn8A8nSbcQ==</latexit><latexit sha1_base64="h1JbkxxABN2Bj18vJyvKSJZA8rQ=">AAACDXicbVBNS8NAEN34WetX1aOXxSrUS0lE0GNRBI8V7Ac0oWw223bpZpPuToQS+ge8+Fe8eFDEq3dv/hs3bQ7a+mDg8d4MM/P8WHANtv1tLS2vrK6tFzaKm1vbO7ulvf2mjhJFWYNGIlJtn2gmuGQN4CBYO1aMhL5gLX94nfmtB6Y0j+Q9jGPmhaQveY9TAkbqlo5dPVKQygl2BRthDUHFDQkMKBHpzeTUqAKPuqWyXbWnwIvEyUkZ5ah3S19uENEkZBKoIFp3HDsGLyUKOBVsUnQTzWJCh6TPOoZKEjLtpdNvJvjEKAHuRcqUBDxVf0+kJNR6HPqmM7tUz3uZ+J/XSaB36aVcxgkwSWeLeonAEOEsGhxwxSiIsSGEKm5uxXRAFKFgAiyaEJz5lxdJ86zq2FXn7rxcu8rjKKBDdIQqyEEXqIZuUR01EEWP6Bm9ojfryXqx3q2PWeuSlc8coD+wPn8A8nSbcQ==</latexit>

Dimension error distributionn, q = poly(n),m = O(n log(q)), E
<latexit sha1_base64="mynmArnCcOR6EqObIfy7+xS+Qj8=">AAACGHicbVDLSgMxFM3UV62vUZdugkWYQqkzIiiIUBTBnRXsAzqlZNK0hmaSaZIRytDPcOOvuHGhiNvu/BvTdhbaeiBwcs693HtPEDGqtOt+W5ml5ZXVtex6bmNza3vH3t2rKRFLTKpYMCEbAVKEUU6qmmpGGpEkKAwYqQf964lffyJSUcEf9DAirRD1OO1SjLSR2vYxL8IBvISRYEOHF4owNJ87h0P/AjLRcwYFo/kh0o8YseRm1LbzbsmdAi4SLyV5kKLStsd+R+A4JFxjhpRqem6kWwmSmmJGRjk/ViRCuI96pGkoRyFRrWR62AgeGaUDu0KaxzWcqr87EhQqNQwDUzlZUc17E/E/rxnr7nkroTyKNeF4NqgbM6gFnKQEO1QSrNnQEIQlNbtC/IgkwtpkmTMhePMnL5LaSclzS979ab58lcaRBQfgEDjAA2egDG5BBVQBBs/gFbyDD+vFerM+ra9ZacZKe/bBH1jjH8mXnIo=</latexit><latexit sha1_base64="mynmArnCcOR6EqObIfy7+xS+Qj8=">AAACGHicbVDLSgMxFM3UV62vUZdugkWYQqkzIiiIUBTBnRXsAzqlZNK0hmaSaZIRytDPcOOvuHGhiNvu/BvTdhbaeiBwcs693HtPEDGqtOt+W5ml5ZXVtex6bmNza3vH3t2rKRFLTKpYMCEbAVKEUU6qmmpGGpEkKAwYqQf964lffyJSUcEf9DAirRD1OO1SjLSR2vYxL8IBvISRYEOHF4owNJ87h0P/AjLRcwYFo/kh0o8YseRm1LbzbsmdAi4SLyV5kKLStsd+R+A4JFxjhpRqem6kWwmSmmJGRjk/ViRCuI96pGkoRyFRrWR62AgeGaUDu0KaxzWcqr87EhQqNQwDUzlZUc17E/E/rxnr7nkroTyKNeF4NqgbM6gFnKQEO1QSrNnQEIQlNbtC/IgkwtpkmTMhePMnL5LaSclzS979ab58lcaRBQfgEDjAA2egDG5BBVQBBs/gFbyDD+vFerM+ra9ZacZKe/bBH1jjH8mXnIo=</latexit><latexit sha1_base64="mynmArnCcOR6EqObIfy7+xS+Qj8=">AAACGHicbVDLSgMxFM3UV62vUZdugkWYQqkzIiiIUBTBnRXsAzqlZNK0hmaSaZIRytDPcOOvuHGhiNvu/BvTdhbaeiBwcs693HtPEDGqtOt+W5ml5ZXVtex6bmNza3vH3t2rKRFLTKpYMCEbAVKEUU6qmmpGGpEkKAwYqQf964lffyJSUcEf9DAirRD1OO1SjLSR2vYxL8IBvISRYEOHF4owNJ87h0P/AjLRcwYFo/kh0o8YseRm1LbzbsmdAi4SLyV5kKLStsd+R+A4JFxjhpRqem6kWwmSmmJGRjk/ViRCuI96pGkoRyFRrWR62AgeGaUDu0KaxzWcqr87EhQqNQwDUzlZUc17E/E/rxnr7nkroTyKNeF4NqgbM6gFnKQEO1QSrNnQEIQlNbtC/IgkwtpkmTMhePMnL5LaSclzS979ab58lcaRBQfgEDjAA2egDG5BBVQBBs/gFbyDD+vFerM+ra9ZacZKe/bBH1jjH8mXnIo=</latexit><latexit sha1_base64="mynmArnCcOR6EqObIfy7+xS+Qj8=">AAACGHicbVDLSgMxFM3UV62vUZdugkWYQqkzIiiIUBTBnRXsAzqlZNK0hmaSaZIRytDPcOOvuHGhiNvu/BvTdhbaeiBwcs693HtPEDGqtOt+W5ml5ZXVtex6bmNza3vH3t2rKRFLTKpYMCEbAVKEUU6qmmpGGpEkKAwYqQf964lffyJSUcEf9DAirRD1OO1SjLSR2vYxL8IBvISRYEOHF4owNJ87h0P/AjLRcwYFo/kh0o8YseRm1LbzbsmdAi4SLyV5kKLStsd+R+A4JFxjhpRqem6kWwmSmmJGRjk/ViRCuI96pGkoRyFRrWR62AgeGaUDu0KaxzWcqr87EhQqNQwDUzlZUc17E/E/rxnr7nkroTyKNeF4NqgbM6gFnKQEO1QSrNnQEIQlNbtC/IgkwtpkmTMhePMnL5LaSclzS979ab58lcaRBQfgEDjAA2egDG5BBVQBBs/gFbyDD+vFerM+ra9ZacZKe/bBH1jjH8mXnIo=</latexit>



Learning With Errors (LWE)

A
<latexit sha1_base64="BAeVOBC5ObWqGCFk52KlP7hcwRg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPVi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUuOmXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqt3kcRTiBUzgHD66gBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBkt2MxQ==</latexit><latexit sha1_base64="BAeVOBC5ObWqGCFk52KlP7hcwRg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPVi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUuOmXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqt3kcRTiBUzgHD66gBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBkt2MxQ==</latexit><latexit sha1_base64="BAeVOBC5ObWqGCFk52KlP7hcwRg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPVi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUuOmXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqt3kcRTiBUzgHD66gBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBkt2MxQ==</latexit><latexit sha1_base64="BAeVOBC5ObWqGCFk52KlP7hcwRg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPVi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUuOmXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqt3kcRTiBUzgHD66gBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBkt2MxQ==</latexit>

sT
<latexit sha1_base64="FbhCjscqmKWi7j1hjsMFkh6aul8=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8eK/YI2ls120i7dbMLuRiihP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEsG1cd1vp7C2vrG5Vdwu7ezu7R+UD49aOk4VwyaLRaw6AdUouMSm4UZgJ1FIo0BgOxjfzvz2EyrNY9kwkwT9iA4lDzmjxkoP+rHRL1fcqjsHWSVeTiqQo94vf/UGMUsjlIYJqnXXcxPjZ1QZzgROS71UY0LZmA6xa6mkEWo/m586JWdWGZAwVrakIXP190RGI60nUWA7I2pGetmbif953dSE137GZZIalGyxKEwFMTGZ/U0GXCEzYmIJZYrbWwkbUUWZsemUbAje8surpHVR9dyqd39Zqd3kcRThBE7hHDy4ghrcQR2awGAIz/AKb45wXpx352PRWnDymWP4A+fzBzeZjb0=</latexit><latexit sha1_base64="FbhCjscqmKWi7j1hjsMFkh6aul8=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8eK/YI2ls120i7dbMLuRiihP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEsG1cd1vp7C2vrG5Vdwu7ezu7R+UD49aOk4VwyaLRaw6AdUouMSm4UZgJ1FIo0BgOxjfzvz2EyrNY9kwkwT9iA4lDzmjxkoP+rHRL1fcqjsHWSVeTiqQo94vf/UGMUsjlIYJqnXXcxPjZ1QZzgROS71UY0LZmA6xa6mkEWo/m586JWdWGZAwVrakIXP190RGI60nUWA7I2pGetmbif953dSE137GZZIalGyxKEwFMTGZ/U0GXCEzYmIJZYrbWwkbUUWZsemUbAje8surpHVR9dyqd39Zqd3kcRThBE7hHDy4ghrcQR2awGAIz/AKb45wXpx352PRWnDymWP4A+fzBzeZjb0=</latexit><latexit sha1_base64="FbhCjscqmKWi7j1hjsMFkh6aul8=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8eK/YI2ls120i7dbMLuRiihP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEsG1cd1vp7C2vrG5Vdwu7ezu7R+UD49aOk4VwyaLRaw6AdUouMSm4UZgJ1FIo0BgOxjfzvz2EyrNY9kwkwT9iA4lDzmjxkoP+rHRL1fcqjsHWSVeTiqQo94vf/UGMUsjlIYJqnXXcxPjZ1QZzgROS71UY0LZmA6xa6mkEWo/m586JWdWGZAwVrakIXP190RGI60nUWA7I2pGetmbif953dSE137GZZIalGyxKEwFMTGZ/U0GXCEzYmIJZYrbWwkbUUWZsemUbAje8surpHVR9dyqd39Zqd3kcRThBE7hHDy4ghrcQR2awGAIz/AKb45wXpx352PRWnDymWP4A+fzBzeZjb0=</latexit><latexit sha1_base64="FbhCjscqmKWi7j1hjsMFkh6aul8=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8eK/YI2ls120i7dbMLuRiihP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEsG1cd1vp7C2vrG5Vdwu7ezu7R+UD49aOk4VwyaLRaw6AdUouMSm4UZgJ1FIo0BgOxjfzvz2EyrNY9kwkwT9iA4lDzmjxkoP+rHRL1fcqjsHWSVeTiqQo94vf/UGMUsjlIYJqnXXcxPjZ1QZzgROS71UY0LZmA6xa6mkEWo/m586JWdWGZAwVrakIXP190RGI60nUWA7I2pGetmbif953dSE137GZZIalGyxKEwFMTGZ/U0GXCEzYmIJZYrbWwkbUUWZsemUbAje8surpHVR9dyqd39Zqd3kcRThBE7hHDy4ghrcQR2awGAIz/AKb45wXpx352PRWnDymWP4A+fzBzeZjb0=</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>

e
<latexit sha1_base64="NPruYLn66/puOzAMtMM3tSFgc5w=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipiYNyxa26C5B14uWkAjkag/JXfxizNEJpmKBa9zw3MX5GleFM4KzUTzUmlE3oCHuWShqh9rPFoTNyYZUhCWNlSxqyUH9PZDTSehoFtjOiZqxXvbn4n9dLTXjjZ1wmqUHJlovCVBATk/nXZMgVMiOmllCmuL2VsDFVlBmbTcmG4K2+vE7aV1XPrXrN60r9No+jCGdwDpfgQQ3qcA8NaAEDhGd4hTfn0Xlx3p2PZWvByWdO4Q+czx/JbYzp</latexit><latexit sha1_base64="NPruYLn66/puOzAMtMM3tSFgc5w=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipiYNyxa26C5B14uWkAjkag/JXfxizNEJpmKBa9zw3MX5GleFM4KzUTzUmlE3oCHuWShqh9rPFoTNyYZUhCWNlSxqyUH9PZDTSehoFtjOiZqxXvbn4n9dLTXjjZ1wmqUHJlovCVBATk/nXZMgVMiOmllCmuL2VsDFVlBmbTcmG4K2+vE7aV1XPrXrN60r9No+jCGdwDpfgQQ3qcA8NaAEDhGd4hTfn0Xlx3p2PZWvByWdO4Q+czx/JbYzp</latexit><latexit sha1_base64="NPruYLn66/puOzAMtMM3tSFgc5w=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipiYNyxa26C5B14uWkAjkag/JXfxizNEJpmKBa9zw3MX5GleFM4KzUTzUmlE3oCHuWShqh9rPFoTNyYZUhCWNlSxqyUH9PZDTSehoFtjOiZqxXvbn4n9dLTXjjZ1wmqUHJlovCVBATk/nXZMgVMiOmllCmuL2VsDFVlBmbTcmG4K2+vE7aV1XPrXrN60r9No+jCGdwDpfgQQ3qcA8NaAEDhGd4hTfn0Xlx3p2PZWvByWdO4Q+czx/JbYzp</latexit><latexit sha1_base64="NPruYLn66/puOzAMtMM3tSFgc5w=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipiYNyxa26C5B14uWkAjkag/JXfxizNEJpmKBa9zw3MX5GleFM4KzUTzUmlE3oCHuWShqh9rPFoTNyYZUhCWNlSxqyUH9PZDTSehoFtjOiZqxXvbn4n9dLTXjjZ1wmqUHJlovCVBATk/nXZMgVMiOmllCmuL2VsDFVlBmbTcmG4K2+vE7aV1XPrXrN60r9No+jCGdwDpfgQQ3qcA8NaAEDhGd4hTfn0Xlx3p2PZWvByWdO4Q+czx/JbYzp</latexit>

⇥
<latexit sha1_base64="EKJy6rjXhiAKrBUXGSg3J2VqHFQ=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOZpMxszPLTK8QQv7BiwdFvPo/3vwbJ8keNLGgoajqprsrSqWw6PvfXmFtfWNzq7hd2tnd2z8oHx41rc4M4w2mpTbtiFouheINFCh5OzWcJpHkrWh0O/NbT9xYodUDjlMeJnSgRCwYRSc1uygSbnvlil/15yCrJMhJBXLUe+Wvbl+zLOEKmaTWdgI/xXBCDQom+bTUzSxPKRvRAe84qqhbEk7m107JmVP6JNbGlUIyV39PTGhi7TiJXGdCcWiXvZn4n9fJML4OJ0KlGXLFFoviTBLUZPY66QvDGcqxI5QZ4W4lbEgNZegCKrkQguWXV0nzohr41eD+slK7yeMowgmcwjkEcAU1uIM6NIDBIzzDK7x52nvx3r2PRWvBy2eO4Q+8zx+2K480</latexit><latexit sha1_base64="EKJy6rjXhiAKrBUXGSg3J2VqHFQ=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOZpMxszPLTK8QQv7BiwdFvPo/3vwbJ8keNLGgoajqprsrSqWw6PvfXmFtfWNzq7hd2tnd2z8oHx41rc4M4w2mpTbtiFouheINFCh5OzWcJpHkrWh0O/NbT9xYodUDjlMeJnSgRCwYRSc1uygSbnvlil/15yCrJMhJBXLUe+Wvbl+zLOEKmaTWdgI/xXBCDQom+bTUzSxPKRvRAe84qqhbEk7m107JmVP6JNbGlUIyV39PTGhi7TiJXGdCcWiXvZn4n9fJML4OJ0KlGXLFFoviTBLUZPY66QvDGcqxI5QZ4W4lbEgNZegCKrkQguWXV0nzohr41eD+slK7yeMowgmcwjkEcAU1uIM6NIDBIzzDK7x52nvx3r2PRWvBy2eO4Q+8zx+2K480</latexit><latexit sha1_base64="EKJy6rjXhiAKrBUXGSg3J2VqHFQ=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOZpMxszPLTK8QQv7BiwdFvPo/3vwbJ8keNLGgoajqprsrSqWw6PvfXmFtfWNzq7hd2tnd2z8oHx41rc4M4w2mpTbtiFouheINFCh5OzWcJpHkrWh0O/NbT9xYodUDjlMeJnSgRCwYRSc1uygSbnvlil/15yCrJMhJBXLUe+Wvbl+zLOEKmaTWdgI/xXBCDQom+bTUzSxPKRvRAe84qqhbEk7m107JmVP6JNbGlUIyV39PTGhi7TiJXGdCcWiXvZn4n9fJML4OJ0KlGXLFFoviTBLUZPY66QvDGcqxI5QZ4W4lbEgNZegCKrkQguWXV0nzohr41eD+slK7yeMowgmcwjkEcAU1uIM6NIDBIzzDK7x52nvx3r2PRWvBy2eO4Q+8zx+2K480</latexit><latexit sha1_base64="EKJy6rjXhiAKrBUXGSg3J2VqHFQ=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOZpMxszPLTK8QQv7BiwdFvPo/3vwbJ8keNLGgoajqprsrSqWw6PvfXmFtfWNzq7hd2tnd2z8oHx41rc4M4w2mpTbtiFouheINFCh5OzWcJpHkrWh0O/NbT9xYodUDjlMeJnSgRCwYRSc1uygSbnvlil/15yCrJMhJBXLUe+Wvbl+zLOEKmaTWdgI/xXBCDQom+bTUzSxPKRvRAe84qqhbEk7m107JmVP6JNbGlUIyV39PTGhi7TiJXGdCcWiXvZn4n9fJML4OJ0KlGXLFFoviTBLUZPY66QvDGcqxI5QZ4W4lbEgNZegCKrkQguWXV0nzohr41eD+slK7yeMowgmcwjkEcAU1uIM6NIDBIzzDK7x52nvx3r2PRWvBy2eO4Q+8zx+2K480</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>

=<latexit sha1_base64="DmNMk2YXYyTv+zN0rWXYwO/YuLg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0ItQ9OKxBfsBbSib7aRdu9mE3Y1QQn+BFw+KePUnefPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvpv57SdUmsfywUwS9CM6lDzkjBorNW765Ypbdecgq8TLSQVy1Pvlr94gZmmE0jBBte56bmL8jCrDmcBpqZdqTCgb0yF2LZU0Qu1n80On5MwqAxLGypY0ZK7+nshopPUkCmxnRM1IL3sz8T+vm5rw2s+4TFKDki0WhakgJiazr8mAK2RGTCyhTHF7K2EjqigzNpuSDcFbfnmVtC6qnlv1GpeV2m0eRxFO4BTOwYMrqME91KEJDBCe4RXenEfnxXl3PhatBSefOYY/cD5/AIzNjME=</latexit><latexit sha1_base64="DmNMk2YXYyTv+zN0rWXYwO/YuLg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0ItQ9OKxBfsBbSib7aRdu9mE3Y1QQn+BFw+KePUnefPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvpv57SdUmsfywUwS9CM6lDzkjBorNW765Ypbdecgq8TLSQVy1Pvlr94gZmmE0jBBte56bmL8jCrDmcBpqZdqTCgb0yF2LZU0Qu1n80On5MwqAxLGypY0ZK7+nshopPUkCmxnRM1IL3sz8T+vm5rw2s+4TFKDki0WhakgJiazr8mAK2RGTCyhTHF7K2EjqigzNpuSDcFbfnmVtC6qnlv1GpeV2m0eRxFO4BTOwYMrqME91KEJDBCe4RXenEfnxXl3PhatBSefOYY/cD5/AIzNjME=</latexit><latexit sha1_base64="DmNMk2YXYyTv+zN0rWXYwO/YuLg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0ItQ9OKxBfsBbSib7aRdu9mE3Y1QQn+BFw+KePUnefPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvpv57SdUmsfywUwS9CM6lDzkjBorNW765Ypbdecgq8TLSQVy1Pvlr94gZmmE0jBBte56bmL8jCrDmcBpqZdqTCgb0yF2LZU0Qu1n80On5MwqAxLGypY0ZK7+nshopPUkCmxnRM1IL3sz8T+vm5rw2s+4TFKDki0WhakgJiazr8mAK2RGTCyhTHF7K2EjqigzNpuSDcFbfnmVtC6qnlv1GpeV2m0eRxFO4BTOwYMrqME91KEJDBCe4RXenEfnxXl3PhatBSefOYY/cD5/AIzNjME=</latexit><latexit sha1_base64="DmNMk2YXYyTv+zN0rWXYwO/YuLg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0ItQ9OKxBfsBbSib7aRdu9mE3Y1QQn+BFw+KePUnefPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvpv57SdUmsfywUwS9CM6lDzkjBorNW765Ypbdecgq8TLSQVy1Pvlr94gZmmE0jBBte56bmL8jCrDmcBpqZdqTCgb0yF2LZU0Qu1n80On5MwqAxLGypY0ZK7+nshopPUkCmxnRM1IL3sz8T+vm5rw2s+4TFKDki0WhakgJiazr8mAK2RGTCyhTHF7K2EjqigzNpuSDcFbfnmVtC6qnlv1GpeV2m0eRxFO4BTOwYMrqME91KEJDBCe4RXenEfnxXl3PhatBSefOYY/cD5/AIzNjME=</latexit>

m
<latexit sha1_base64="uIbhaxHObW9k+KtpSlNLCo0J2X4=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jEB84BkCbOT3mTMzOwyMyuEkC/w4kERr36SN//GSbIHTSxoKKq66e6KUsGN9f1vb219Y3Nru7BT3N3bPzgsHR03TZJphg2WiES3I2pQcIUNy63AdqqRykhgKxrdzfzWE2rDE/VgxymGkg4Ujzmj1kl12SuV/Yo/B1klQU7KkKPWK311+wnLJCrLBDWmE/ipDSdUW84ETovdzGBK2YgOsOOoohJNOJkfOiXnTumTONGulCVz9ffEhEpjxjJynZLaoVn2ZuJ/Xiez8U044SrNLCq2WBRngtiEzL4mfa6RWTF2hDLN3a2EDammzLpsii6EYPnlVdK8rAR+Jahflau3eRwFOIUzuIAArqEK91CDBjBAeIZXePMevRfv3ftYtK55+cwJ/IH3+QPVjYzx</latexit><latexit sha1_base64="uIbhaxHObW9k+KtpSlNLCo0J2X4=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jEB84BkCbOT3mTMzOwyMyuEkC/w4kERr36SN//GSbIHTSxoKKq66e6KUsGN9f1vb219Y3Nru7BT3N3bPzgsHR03TZJphg2WiES3I2pQcIUNy63AdqqRykhgKxrdzfzWE2rDE/VgxymGkg4Ujzmj1kl12SuV/Yo/B1klQU7KkKPWK311+wnLJCrLBDWmE/ipDSdUW84ETovdzGBK2YgOsOOoohJNOJkfOiXnTumTONGulCVz9ffEhEpjxjJynZLaoVn2ZuJ/Xiez8U044SrNLCq2WBRngtiEzL4mfa6RWTF2hDLN3a2EDammzLpsii6EYPnlVdK8rAR+Jahflau3eRwFOIUzuIAArqEK91CDBjBAeIZXePMevRfv3ftYtK55+cwJ/IH3+QPVjYzx</latexit><latexit sha1_base64="uIbhaxHObW9k+KtpSlNLCo0J2X4=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jEB84BkCbOT3mTMzOwyMyuEkC/w4kERr36SN//GSbIHTSxoKKq66e6KUsGN9f1vb219Y3Nru7BT3N3bPzgsHR03TZJphg2WiES3I2pQcIUNy63AdqqRykhgKxrdzfzWE2rDE/VgxymGkg4Ujzmj1kl12SuV/Yo/B1klQU7KkKPWK311+wnLJCrLBDWmE/ipDSdUW84ETovdzGBK2YgOsOOoohJNOJkfOiXnTumTONGulCVz9ffEhEpjxjJynZLaoVn2ZuJ/Xiez8U044SrNLCq2WBRngtiEzL4mfa6RWTF2hDLN3a2EDammzLpsii6EYPnlVdK8rAR+Jahflau3eRwFOIUzuIAArqEK91CDBjBAeIZXePMevRfv3ftYtK55+cwJ/IH3+QPVjYzx</latexit><latexit sha1_base64="uIbhaxHObW9k+KtpSlNLCo0J2X4=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jEB84BkCbOT3mTMzOwyMyuEkC/w4kERr36SN//GSbIHTSxoKKq66e6KUsGN9f1vb219Y3Nru7BT3N3bPzgsHR03TZJphg2WiES3I2pQcIUNy63AdqqRykhgKxrdzfzWE2rDE/VgxymGkg4Ujzmj1kl12SuV/Yo/B1klQU7KkKPWK311+wnLJCrLBDWmE/ipDSdUW84ETovdzGBK2YgOsOOoohJNOJkfOiXnTumTONGulCVz9ffEhEpjxjJynZLaoVn2ZuJ/Xiez8U044SrNLCq2WBRngtiEzL4mfa6RWTF2hDLN3a2EDammzLpsii6EYPnlVdK8rAR+Jahflau3eRwFOIUzuIAArqEK91CDBjBAeIZXePMevRfv3ftYtK55+cwJ/IH3+QPVjYzx</latexit>

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



Learning With Errors (LWE)
Example from O. Regev’s survey paper 

https://cims.nyu.edu/~regev/papers/lwesurvey.pdf

Say the error is ±1
<latexit sha1_base64="4INrPBvbZ8xGXzKsi6LA8JcL+b0=">AAAB7HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoYxnBxEByhL3NXrJkd+/YnRPCkd9gY6GIrT/Izn/jJrlCEx8MPN6bYWZelEph0fe/vdLa+sbmVnm7srO7t39QPTxq2yQzjLdYIhPTiajlUmjeQoGSd1LDqYokf4zGtzP/8YkbKxL9gJOUh4oOtYgFo+ikVi9VJOhXa37dn4OskqAgNSjQ7Fe/eoOEZYprZJJa2w38FMOcGhRM8mmll1meUjamQ951VFPFbZjPj52SM6cMSJwYVxrJXP09kVNl7URFrlNRHNllbyb+53UzjK/DXOg0Q67ZYlGcSYIJmX1OBsJwhnLiCGVGuFsJG1FDGbp8Ki6EYPnlVdK+qAd+Pbi/rDVuijjKcAKncA4BXEED7qAJLWAg4Ble4c3T3ov37n0sWkteMXMMf+B9/gAdBI42</latexit><latexit sha1_base64="4INrPBvbZ8xGXzKsi6LA8JcL+b0=">AAAB7HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoYxnBxEByhL3NXrJkd+/YnRPCkd9gY6GIrT/Izn/jJrlCEx8MPN6bYWZelEph0fe/vdLa+sbmVnm7srO7t39QPTxq2yQzjLdYIhPTiajlUmjeQoGSd1LDqYokf4zGtzP/8YkbKxL9gJOUh4oOtYgFo+ikVi9VJOhXa37dn4OskqAgNSjQ7Fe/eoOEZYprZJJa2w38FMOcGhRM8mmll1meUjamQ951VFPFbZjPj52SM6cMSJwYVxrJXP09kVNl7URFrlNRHNllbyb+53UzjK/DXOg0Q67ZYlGcSYIJmX1OBsJwhnLiCGVGuFsJG1FDGbp8Ki6EYPnlVdK+qAd+Pbi/rDVuijjKcAKncA4BXEED7qAJLWAg4Ble4c3T3ov37n0sWkteMXMMf+B9/gAdBI42</latexit><latexit sha1_base64="4INrPBvbZ8xGXzKsi6LA8JcL+b0=">AAAB7HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoYxnBxEByhL3NXrJkd+/YnRPCkd9gY6GIrT/Izn/jJrlCEx8MPN6bYWZelEph0fe/vdLa+sbmVnm7srO7t39QPTxq2yQzjLdYIhPTiajlUmjeQoGSd1LDqYokf4zGtzP/8YkbKxL9gJOUh4oOtYgFo+ikVi9VJOhXa37dn4OskqAgNSjQ7Fe/eoOEZYprZJJa2w38FMOcGhRM8mmll1meUjamQ951VFPFbZjPj52SM6cMSJwYVxrJXP09kVNl7URFrlNRHNllbyb+53UzjK/DXOg0Q67ZYlGcSYIJmX1OBsJwhnLiCGVGuFsJG1FDGbp8Ki6EYPnlVdK+qAd+Pbi/rDVuijjKcAKncA4BXEED7qAJLWAg4Ble4c3T3ov37n0sWkteMXMMf+B9/gAdBI42</latexit><latexit sha1_base64="4INrPBvbZ8xGXzKsi6LA8JcL+b0=">AAAB7HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoYxnBxEByhL3NXrJkd+/YnRPCkd9gY6GIrT/Izn/jJrlCEx8MPN6bYWZelEph0fe/vdLa+sbmVnm7srO7t39QPTxq2yQzjLdYIhPTiajlUmjeQoGSd1LDqYokf4zGtzP/8YkbKxL9gJOUh4oOtYgFo+ikVi9VJOhXa37dn4OskqAgNSjQ7Fe/eoOEZYprZJJa2w38FMOcGhRM8mmll1meUjamQ951VFPFbZjPj52SM6cMSJwYVxrJXP09kVNl7URFrlNRHNllbyb+53UzjK/DXOg0Q67ZYlGcSYIJmX1OBsJwhnLiCGVGuFsJG1FDGbp8Ki6EYPnlVdK+qAd+Pbi/rDVuijjKcAKncA4BXEED7qAJLWAg4Ble4c3T3ov37n0sWkteMXMMf+B9/gAdBI42</latexit>

https://cims.nyu.edu/~regev/papers/lwesurvey.pdf


Learning With Errors (LWE)
Example from O. Regev’s survey paper 

https://cims.nyu.edu/~regev/papers/lwesurvey.pdf

Say the error is ±1
<latexit sha1_base64="4INrPBvbZ8xGXzKsi6LA8JcL+b0=">AAAB7HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoYxnBxEByhL3NXrJkd+/YnRPCkd9gY6GIrT/Izn/jJrlCEx8MPN6bYWZelEph0fe/vdLa+sbmVnm7srO7t39QPTxq2yQzjLdYIhPTiajlUmjeQoGSd1LDqYokf4zGtzP/8YkbKxL9gJOUh4oOtYgFo+ikVi9VJOhXa37dn4OskqAgNSjQ7Fe/eoOEZYprZJJa2w38FMOcGhRM8mmll1meUjamQ951VFPFbZjPj52SM6cMSJwYVxrJXP09kVNl7URFrlNRHNllbyb+53UzjK/DXOg0Q67ZYlGcSYIJmX1OBsJwhnLiCGVGuFsJG1FDGbp8Ki6EYPnlVdK+qAd+Pbi/rDVuijjKcAKncA4BXEED7qAJLWAg4Ble4c3T3ov37n0sWkteMXMMf+B9/gAdBI42</latexit><latexit sha1_base64="4INrPBvbZ8xGXzKsi6LA8JcL+b0=">AAAB7HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoYxnBxEByhL3NXrJkd+/YnRPCkd9gY6GIrT/Izn/jJrlCEx8MPN6bYWZelEph0fe/vdLa+sbmVnm7srO7t39QPTxq2yQzjLdYIhPTiajlUmjeQoGSd1LDqYokf4zGtzP/8YkbKxL9gJOUh4oOtYgFo+ikVi9VJOhXa37dn4OskqAgNSjQ7Fe/eoOEZYprZJJa2w38FMOcGhRM8mmll1meUjamQ951VFPFbZjPj52SM6cMSJwYVxrJXP09kVNl7URFrlNRHNllbyb+53UzjK/DXOg0Q67ZYlGcSYIJmX1OBsJwhnLiCGVGuFsJG1FDGbp8Ki6EYPnlVdK+qAd+Pbi/rDVuijjKcAKncA4BXEED7qAJLWAg4Ble4c3T3ov37n0sWkteMXMMf+B9/gAdBI42</latexit><latexit sha1_base64="4INrPBvbZ8xGXzKsi6LA8JcL+b0=">AAAB7HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoYxnBxEByhL3NXrJkd+/YnRPCkd9gY6GIrT/Izn/jJrlCEx8MPN6bYWZelEph0fe/vdLa+sbmVnm7srO7t39QPTxq2yQzjLdYIhPTiajlUmjeQoGSd1LDqYokf4zGtzP/8YkbKxL9gJOUh4oOtYgFo+ikVi9VJOhXa37dn4OskqAgNSjQ7Fe/eoOEZYprZJJa2w38FMOcGhRM8mmll1meUjamQ951VFPFbZjPj52SM6cMSJwYVxrJXP09kVNl7URFrlNRHNllbyb+53UzjK/DXOg0Q67ZYlGcSYIJmX1OBsJwhnLiCGVGuFsJG1FDGbp8Ki6EYPnlVdK+qAd+Pbi/rDVuijjKcAKncA4BXEED7qAJLWAg4Ble4c3T3ov37n0sWkteMXMMf+B9/gAdBI42</latexit><latexit sha1_base64="4INrPBvbZ8xGXzKsi6LA8JcL+b0=">AAAB7HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoYxnBxEByhL3NXrJkd+/YnRPCkd9gY6GIrT/Izn/jJrlCEx8MPN6bYWZelEph0fe/vdLa+sbmVnm7srO7t39QPTxq2yQzjLdYIhPTiajlUmjeQoGSd1LDqYokf4zGtzP/8YkbKxL9gJOUh4oOtYgFo+ikVi9VJOhXa37dn4OskqAgNSjQ7Fe/eoOEZYprZJJa2w38FMOcGhRM8mmll1meUjamQ951VFPFbZjPj52SM6cMSJwYVxrJXP09kVNl7URFrlNRHNllbyb+53UzjK/DXOg0Q67ZYlGcSYIJmX1OBsJwhnLiCGVGuFsJG1FDGbp8Ki6EYPnlVdK+qAd+Pbi/rDVuijjKcAKncA4BXEED7qAJLWAg4Ble4c3T3ov37n0sWkteMXMMf+B9/gAdBI42</latexit>

s = (0, 13, 9, 11)
<latexit sha1_base64="NifO1xmDtCelhJVxfXIRH3PEfvs=">AAAB+3icbVDLSgMxFL1TX7W+xrp0EyxChVImKqgLoejGZQX7gHYomTTThmYeJBmxDP0VNy4UceuPuPNvTNtZaOuByz2ccy+5OV4suNKO823lVlbX1jfym4Wt7Z3dPXu/2FRRIilr0EhEsu0RxQQPWUNzLVg7lowEnmAtb3Q79VuPTCoehQ96HDM3IIOQ+5wSbaSeXVToGpWdCsJnFXRlGj7p2SWn6syAlgnOSAky1Hv2V7cf0SRgoaaCKNXBTqzdlEjNqWCTQjdRLCZ0RAasY2hIAqbcdHb7BB0bpY/8SJoKNZqpvzdSEig1DjwzGRA9VIveVPzP6yTav3RTHsaJZiGdP+QnAukITYNAfS4Z1WJsCKGSm1sRHRJJqDZxFUwIePHLy6R5WsVOFd+fl2o3WRx5OIQjKAOGC6jBHdShARSe4Ble4c2aWC/Wu/UxH81Z2c4B/IH1+QNGzpCz</latexit><latexit sha1_base64="NifO1xmDtCelhJVxfXIRH3PEfvs=">AAAB+3icbVDLSgMxFL1TX7W+xrp0EyxChVImKqgLoejGZQX7gHYomTTThmYeJBmxDP0VNy4UceuPuPNvTNtZaOuByz2ccy+5OV4suNKO823lVlbX1jfym4Wt7Z3dPXu/2FRRIilr0EhEsu0RxQQPWUNzLVg7lowEnmAtb3Q79VuPTCoehQ96HDM3IIOQ+5wSbaSeXVToGpWdCsJnFXRlGj7p2SWn6syAlgnOSAky1Hv2V7cf0SRgoaaCKNXBTqzdlEjNqWCTQjdRLCZ0RAasY2hIAqbcdHb7BB0bpY/8SJoKNZqpvzdSEig1DjwzGRA9VIveVPzP6yTav3RTHsaJZiGdP+QnAukITYNAfS4Z1WJsCKGSm1sRHRJJqDZxFUwIePHLy6R5WsVOFd+fl2o3WRx5OIQjKAOGC6jBHdShARSe4Ble4c2aWC/Wu/UxH81Z2c4B/IH1+QNGzpCz</latexit><latexit sha1_base64="NifO1xmDtCelhJVxfXIRH3PEfvs=">AAAB+3icbVDLSgMxFL1TX7W+xrp0EyxChVImKqgLoejGZQX7gHYomTTThmYeJBmxDP0VNy4UceuPuPNvTNtZaOuByz2ccy+5OV4suNKO823lVlbX1jfym4Wt7Z3dPXu/2FRRIilr0EhEsu0RxQQPWUNzLVg7lowEnmAtb3Q79VuPTCoehQ96HDM3IIOQ+5wSbaSeXVToGpWdCsJnFXRlGj7p2SWn6syAlgnOSAky1Hv2V7cf0SRgoaaCKNXBTqzdlEjNqWCTQjdRLCZ0RAasY2hIAqbcdHb7BB0bpY/8SJoKNZqpvzdSEig1DjwzGRA9VIveVPzP6yTav3RTHsaJZiGdP+QnAukITYNAfS4Z1WJsCKGSm1sRHRJJqDZxFUwIePHLy6R5WsVOFd+fl2o3WRx5OIQjKAOGC6jBHdShARSe4Ble4c2aWC/Wu/UxH81Z2c4B/IH1+QNGzpCz</latexit><latexit sha1_base64="NifO1xmDtCelhJVxfXIRH3PEfvs=">AAAB+3icbVDLSgMxFL1TX7W+xrp0EyxChVImKqgLoejGZQX7gHYomTTThmYeJBmxDP0VNy4UceuPuPNvTNtZaOuByz2ccy+5OV4suNKO823lVlbX1jfym4Wt7Z3dPXu/2FRRIilr0EhEsu0RxQQPWUNzLVg7lowEnmAtb3Q79VuPTCoehQ96HDM3IIOQ+5wSbaSeXVToGpWdCsJnFXRlGj7p2SWn6syAlgnOSAky1Hv2V7cf0SRgoaaCKNXBTqzdlEjNqWCTQjdRLCZ0RAasY2hIAqbcdHb7BB0bpY/8SJoKNZqpvzdSEig1DjwzGRA9VIveVPzP6yTav3RTHsaJZiGdP+QnAukITYNAfS4Z1WJsCKGSm1sRHRJJqDZxFUwIePHLy6R5WsVOFd+fl2o3WRx5OIQjKAOGC6jBHdShARSe4Ble4c2aWC/Wu/UxH81Z2c4B/IH1+QNGzpCz</latexit>

https://cims.nyu.edu/~regev/papers/lwesurvey.pdf


Learning With Errors (LWE)

What does LWE have to do with lattices?

SV Ppoly(n)  LWE
<latexit sha1_base64="TtKLAQtddtUceF+1e+8b0OfNLGM=">AAAB/3icbVDLSsNAFJ3UV62vqODGzWAR6qYkIuiyKIILFxXtA9oQJtNJO3QyE2cmQohd+CtuXCji1t9w5984bbPQ1gMXDufcy733BDGjSjvOt1VYWFxaXimultbWNza37O2dphKJxKSBBROyHSBFGOWkoalmpB1LgqKAkVYwvBj7rQciFRX8Tqcx8SLU5zSkGGkj+fbebbPuZ7FgaYUfjWCXkXt43br07bJTdSaA88TNSRnkqPv2V7cncBIRrjFDSnVcJ9ZehqSmmJFRqZsoEiM8RH3SMZSjiCgvm9w/godG6cFQSFNcw4n6eyJDkVJpFJjOCOmBmvXG4n9eJ9HhmZdRHieacDxdFCYMagHHYcAelQRrlhqCsKTmVogHSCKsTWQlE4I7+/I8aR5XXafq3pyUa+d5HEWwDw5ABbjgFNTAFaiDBsDgETyDV/BmPVkv1rv1MW0tWPnMLvgD6/MHiZOVIA==</latexit><latexit sha1_base64="TtKLAQtddtUceF+1e+8b0OfNLGM=">AAAB/3icbVDLSsNAFJ3UV62vqODGzWAR6qYkIuiyKIILFxXtA9oQJtNJO3QyE2cmQohd+CtuXCji1t9w5984bbPQ1gMXDufcy733BDGjSjvOt1VYWFxaXimultbWNza37O2dphKJxKSBBROyHSBFGOWkoalmpB1LgqKAkVYwvBj7rQciFRX8Tqcx8SLU5zSkGGkj+fbebbPuZ7FgaYUfjWCXkXt43br07bJTdSaA88TNSRnkqPv2V7cncBIRrjFDSnVcJ9ZehqSmmJFRqZsoEiM8RH3SMZSjiCgvm9w/godG6cFQSFNcw4n6eyJDkVJpFJjOCOmBmvXG4n9eJ9HhmZdRHieacDxdFCYMagHHYcAelQRrlhqCsKTmVogHSCKsTWQlE4I7+/I8aR5XXafq3pyUa+d5HEWwDw5ABbjgFNTAFaiDBsDgETyDV/BmPVkv1rv1MW0tWPnMLvgD6/MHiZOVIA==</latexit><latexit sha1_base64="TtKLAQtddtUceF+1e+8b0OfNLGM=">AAAB/3icbVDLSsNAFJ3UV62vqODGzWAR6qYkIuiyKIILFxXtA9oQJtNJO3QyE2cmQohd+CtuXCji1t9w5984bbPQ1gMXDufcy733BDGjSjvOt1VYWFxaXimultbWNza37O2dphKJxKSBBROyHSBFGOWkoalmpB1LgqKAkVYwvBj7rQciFRX8Tqcx8SLU5zSkGGkj+fbebbPuZ7FgaYUfjWCXkXt43br07bJTdSaA88TNSRnkqPv2V7cncBIRrjFDSnVcJ9ZehqSmmJFRqZsoEiM8RH3SMZSjiCgvm9w/godG6cFQSFNcw4n6eyJDkVJpFJjOCOmBmvXG4n9eJ9HhmZdRHieacDxdFCYMagHHYcAelQRrlhqCsKTmVogHSCKsTWQlE4I7+/I8aR5XXafq3pyUa+d5HEWwDw5ABbjgFNTAFaiDBsDgETyDV/BmPVkv1rv1MW0tWPnMLvgD6/MHiZOVIA==</latexit><latexit sha1_base64="TtKLAQtddtUceF+1e+8b0OfNLGM=">AAAB/3icbVDLSsNAFJ3UV62vqODGzWAR6qYkIuiyKIILFxXtA9oQJtNJO3QyE2cmQohd+CtuXCji1t9w5984bbPQ1gMXDufcy733BDGjSjvOt1VYWFxaXimultbWNza37O2dphKJxKSBBROyHSBFGOWkoalmpB1LgqKAkVYwvBj7rQciFRX8Tqcx8SLU5zSkGGkj+fbebbPuZ7FgaYUfjWCXkXt43br07bJTdSaA88TNSRnkqPv2V7cncBIRrjFDSnVcJ9ZehqSmmJFRqZsoEiM8RH3SMZSjiCgvm9w/godG6cFQSFNcw4n6eyJDkVJpFJjOCOmBmvXG4n9eJ9HhmZdRHieacDxdFCYMagHHYcAelQRrlhqCsKTmVogHSCKsTWQlE4I7+/I8aR5XXafq3pyUa+d5HEWwDw5ABbjgFNTAFaiDBsDgETyDV/BmPVkv1rv1MW0tWPnMLvgD6/MHiZOVIA==</latexit>

Quantum

worst case SV Ppoly(n) Q average case LWE
<latexit sha1_base64="K4papYiBEHD6yyZAsIztvJ7A5nQ="></latexit><latexit sha1_base64="K4papYiBEHD6yyZAsIztvJ7A5nQ="></latexit><latexit sha1_base64="K4papYiBEHD6yyZAsIztvJ7A5nQ="></latexit><latexit sha1_base64="K4papYiBEHD6yyZAsIztvJ7A5nQ="></latexit>

LWE can be used for many crypto applications 
(PK crypto, SK crypto, signatures, hash functions etc)

worst case SV Ppoly(n) Q average case LWE  crypto
<latexit sha1_base64="4vFYmWC/+ruy2OJ5aPCAofkMBF0="></latexit><latexit sha1_base64="4vFYmWC/+ruy2OJ5aPCAofkMBF0="></latexit><latexit sha1_base64="4vFYmWC/+ruy2OJ5aPCAofkMBF0="></latexit><latexit sha1_base64="4vFYmWC/+ruy2OJ5aPCAofkMBF0="></latexit>



Learning With Errors (LWE)

Public-key crypto based on LWE
KeyGen(1n)

<latexit sha1_base64="wMA/C9UP+i9JvY4GrgLkSN2N+Lg=">AAAB8nicbVBNSwMxEM3Wr1q/qh69BItQL2VXBD0WPSh4qWA/YLuWbDrbhmaTJckKZenP8OJBEa/+Gm/+G9N2D9r6YODx3gwz88KEM21c99sprKyurW8UN0tb2zu7e+X9g5aWqaLQpJJL1QmJBs4ENA0zHDqJAhKHHNrh6Hrqt59AaSbFgxknEMRkIFjEKDFW8u9gfAOi6j2K01654tbcGfAy8XJSQTkavfJXty9pGoMwlBOtfc9NTJARZRjlMCl1Uw0JoSMyAN9SQWLQQTY7eYJPrNLHkVS2hMEz9fdERmKtx3FoO2NihnrRm4r/eX5qossgYyJJDQg6XxSlHBuJp//jPlNADR9bQqhi9lZMh0QRamxKJRuCt/jyMmmd1Ty35t2fV+pXeRxFdISOURV56ALV0S1qoCaiSKJn9IreHOO8OO/Ox7y14OQzh+gPnM8fHN2QeQ==</latexit><latexit sha1_base64="wMA/C9UP+i9JvY4GrgLkSN2N+Lg=">AAAB8nicbVBNSwMxEM3Wr1q/qh69BItQL2VXBD0WPSh4qWA/YLuWbDrbhmaTJckKZenP8OJBEa/+Gm/+G9N2D9r6YODx3gwz88KEM21c99sprKyurW8UN0tb2zu7e+X9g5aWqaLQpJJL1QmJBs4ENA0zHDqJAhKHHNrh6Hrqt59AaSbFgxknEMRkIFjEKDFW8u9gfAOi6j2K01654tbcGfAy8XJSQTkavfJXty9pGoMwlBOtfc9NTJARZRjlMCl1Uw0JoSMyAN9SQWLQQTY7eYJPrNLHkVS2hMEz9fdERmKtx3FoO2NihnrRm4r/eX5qossgYyJJDQg6XxSlHBuJp//jPlNADR9bQqhi9lZMh0QRamxKJRuCt/jyMmmd1Ty35t2fV+pXeRxFdISOURV56ALV0S1qoCaiSKJn9IreHOO8OO/Ox7y14OQzh+gPnM8fHN2QeQ==</latexit><latexit sha1_base64="wMA/C9UP+i9JvY4GrgLkSN2N+Lg=">AAAB8nicbVBNSwMxEM3Wr1q/qh69BItQL2VXBD0WPSh4qWA/YLuWbDrbhmaTJckKZenP8OJBEa/+Gm/+G9N2D9r6YODx3gwz88KEM21c99sprKyurW8UN0tb2zu7e+X9g5aWqaLQpJJL1QmJBs4ENA0zHDqJAhKHHNrh6Hrqt59AaSbFgxknEMRkIFjEKDFW8u9gfAOi6j2K01654tbcGfAy8XJSQTkavfJXty9pGoMwlBOtfc9NTJARZRjlMCl1Uw0JoSMyAN9SQWLQQTY7eYJPrNLHkVS2hMEz9fdERmKtx3FoO2NihnrRm4r/eX5qossgYyJJDQg6XxSlHBuJp//jPlNADR9bQqhi9lZMh0QRamxKJRuCt/jyMmmd1Ty35t2fV+pXeRxFdISOURV56ALV0S1qoCaiSKJn9IreHOO8OO/Ox7y14OQzh+gPnM8fHN2QeQ==</latexit><latexit sha1_base64="wMA/C9UP+i9JvY4GrgLkSN2N+Lg=">AAAB8nicbVBNSwMxEM3Wr1q/qh69BItQL2VXBD0WPSh4qWA/YLuWbDrbhmaTJckKZenP8OJBEa/+Gm/+G9N2D9r6YODx3gwz88KEM21c99sprKyurW8UN0tb2zu7e+X9g5aWqaLQpJJL1QmJBs4ENA0zHDqJAhKHHNrh6Hrqt59AaSbFgxknEMRkIFjEKDFW8u9gfAOi6j2K01654tbcGfAy8XJSQTkavfJXty9pGoMwlBOtfc9NTJARZRjlMCl1Uw0JoSMyAN9SQWLQQTY7eYJPrNLHkVS2hMEz9fdERmKtx3FoO2NihnrRm4r/eX5qossgYyJJDQg6XxSlHBuJp//jPlNADR9bQqhi9lZMh0QRamxKJRuCt/jyMmmd1Ty35t2fV+pXeRxFdISOURV56ALV0S1qoCaiSKJn9IreHOO8OO/Ox7y14OQzh+gPnM8fHN2QeQ==</latexit>

Samples A, s uniformly at random and e from error distribution

SK = s, PK = (A, b = As+ e)
<latexit sha1_base64="JKd+W/TsfSGQGQwXl8T15jzxRlg=">AAACBXicbVC7SgNBFJ2Nrxhfq5ZaDAYhYgi7ImgjJNoINhHNA5IlzE5ukiGzD2ZmhbCksfFXbCwUsfUf7PwbZ5MtNPHAcA/n3Mude9yQM6ks69vILCwuLa9kV3Nr6xubW+b2Tl0GkaBQowEPRNMlEjjzoaaY4tAMBRDP5dBwh1eJ33gAIVng36tRCI5H+j7rMUqUljrm/t0NvsCyiKtJLVSK2NW1IvExhqOOmbdK1gR4ntgpyaMU1Y751e4GNPLAV5QTKVu2FSonJkIxymGca0cSQkKHpA8tTX3igXTiyRVjfKiVLu4FQj9f4Yn6eyImnpQjz9WdHlEDOesl4n9eK1K9cydmfhgp8Ol0US/iWAU4iQR3mQCq+EgTQgXTf8V0QAShSgeX0yHYsyfPk/pJybZK9u1pvnyZxpFFe+gAFZCNzlAZXaMqqiGKHtEzekVvxpPxYrwbH9PWjJHO7KI/MD5/AEu4k/Y=</latexit><latexit sha1_base64="JKd+W/TsfSGQGQwXl8T15jzxRlg=">AAACBXicbVC7SgNBFJ2Nrxhfq5ZaDAYhYgi7ImgjJNoINhHNA5IlzE5ukiGzD2ZmhbCksfFXbCwUsfUf7PwbZ5MtNPHAcA/n3Mude9yQM6ks69vILCwuLa9kV3Nr6xubW+b2Tl0GkaBQowEPRNMlEjjzoaaY4tAMBRDP5dBwh1eJ33gAIVng36tRCI5H+j7rMUqUljrm/t0NvsCyiKtJLVSK2NW1IvExhqOOmbdK1gR4ntgpyaMU1Y751e4GNPLAV5QTKVu2FSonJkIxymGca0cSQkKHpA8tTX3igXTiyRVjfKiVLu4FQj9f4Yn6eyImnpQjz9WdHlEDOesl4n9eK1K9cydmfhgp8Ol0US/iWAU4iQR3mQCq+EgTQgXTf8V0QAShSgeX0yHYsyfPk/pJybZK9u1pvnyZxpFFe+gAFZCNzlAZXaMqqiGKHtEzekVvxpPxYrwbH9PWjJHO7KI/MD5/AEu4k/Y=</latexit><latexit sha1_base64="JKd+W/TsfSGQGQwXl8T15jzxRlg=">AAACBXicbVC7SgNBFJ2Nrxhfq5ZaDAYhYgi7ImgjJNoINhHNA5IlzE5ukiGzD2ZmhbCksfFXbCwUsfUf7PwbZ5MtNPHAcA/n3Mude9yQM6ks69vILCwuLa9kV3Nr6xubW+b2Tl0GkaBQowEPRNMlEjjzoaaY4tAMBRDP5dBwh1eJ33gAIVng36tRCI5H+j7rMUqUljrm/t0NvsCyiKtJLVSK2NW1IvExhqOOmbdK1gR4ntgpyaMU1Y751e4GNPLAV5QTKVu2FSonJkIxymGca0cSQkKHpA8tTX3igXTiyRVjfKiVLu4FQj9f4Yn6eyImnpQjz9WdHlEDOesl4n9eK1K9cydmfhgp8Ol0US/iWAU4iQR3mQCq+EgTQgXTf8V0QAShSgeX0yHYsyfPk/pJybZK9u1pvnyZxpFFe+gAFZCNzlAZXaMqqiGKHtEzekVvxpPxYrwbH9PWjJHO7KI/MD5/AEu4k/Y=</latexit><latexit sha1_base64="JKd+W/TsfSGQGQwXl8T15jzxRlg=">AAACBXicbVC7SgNBFJ2Nrxhfq5ZaDAYhYgi7ImgjJNoINhHNA5IlzE5ukiGzD2ZmhbCksfFXbCwUsfUf7PwbZ5MtNPHAcA/n3Mude9yQM6ks69vILCwuLa9kV3Nr6xubW+b2Tl0GkaBQowEPRNMlEjjzoaaY4tAMBRDP5dBwh1eJ33gAIVng36tRCI5H+j7rMUqUljrm/t0NvsCyiKtJLVSK2NW1IvExhqOOmbdK1gR4ntgpyaMU1Y751e4GNPLAV5QTKVu2FSonJkIxymGca0cSQkKHpA8tTX3igXTiyRVjfKiVLu4FQj9f4Yn6eyImnpQjz9WdHlEDOesl4n9eK1K9cydmfhgp8Ol0US/iWAU4iQR3mQCq+EgTQgXTf8V0QAShSgeX0yHYsyfPk/pJybZK9u1pvnyZxpFFe+gAFZCNzlAZXaMqqiGKHtEzekVvxpPxYrwbH9PWjJHO7KI/MD5/AEu4k/Y=</latexit>

Assume message, M, is one bit

KeyGen(1n) ! (PK,SK)
<latexit sha1_base64="p3CAfH4PWRrjrvvfMm+sdAatFsA=">AAACCXicbVA9SwNBEN3zM8avqKXNYhASkHAngpZBC4U0Ec0HJGfY28wlS/b2jt09JRxpbfwrNhaK2PoP7Pw3bpIrNPHBwOO9GWbmeRFnStv2t7WwuLS8sppZy65vbG5t53Z26yqMJYUaDXkomx5RwJmAmmaaQzOSQAKPQ8MbXIz9xj1IxUJxq4cRuAHpCeYzSrSROjlcgeEliIJzJ4q4LVmvr4mU4QMuVCtH+KZS7OTydsmeAM8TJyV5lKLayX21uyGNAxCacqJUy7Ej7SZEakY5jLLtWEFE6ID0oGWoIAEoN5l8MsKHRuliP5SmhMYT9fdEQgKlhoFnOgOi+2rWG4v/ea1Y+2duwkQUaxB0usiPOdYhHseCu0wC1XxoCKGSmVsx7RNJqDbhZU0IzuzL86R+XHLsknN9ki+fp3Fk0D46QAXkoFNURleoimqIokf0jF7Rm/VkvVjv1se0dcFKZ/bQH1ifP2oRmDc=</latexit><latexit sha1_base64="p3CAfH4PWRrjrvvfMm+sdAatFsA=">AAACCXicbVA9SwNBEN3zM8avqKXNYhASkHAngpZBC4U0Ec0HJGfY28wlS/b2jt09JRxpbfwrNhaK2PoP7Pw3bpIrNPHBwOO9GWbmeRFnStv2t7WwuLS8sppZy65vbG5t53Z26yqMJYUaDXkomx5RwJmAmmaaQzOSQAKPQ8MbXIz9xj1IxUJxq4cRuAHpCeYzSrSROjlcgeEliIJzJ4q4LVmvr4mU4QMuVCtH+KZS7OTydsmeAM8TJyV5lKLayX21uyGNAxCacqJUy7Ej7SZEakY5jLLtWEFE6ID0oGWoIAEoN5l8MsKHRuliP5SmhMYT9fdEQgKlhoFnOgOi+2rWG4v/ea1Y+2duwkQUaxB0usiPOdYhHseCu0wC1XxoCKGSmVsx7RNJqDbhZU0IzuzL86R+XHLsknN9ki+fp3Fk0D46QAXkoFNURleoimqIokf0jF7Rm/VkvVjv1se0dcFKZ/bQH1ifP2oRmDc=</latexit><latexit sha1_base64="p3CAfH4PWRrjrvvfMm+sdAatFsA=">AAACCXicbVA9SwNBEN3zM8avqKXNYhASkHAngpZBC4U0Ec0HJGfY28wlS/b2jt09JRxpbfwrNhaK2PoP7Pw3bpIrNPHBwOO9GWbmeRFnStv2t7WwuLS8sppZy65vbG5t53Z26yqMJYUaDXkomx5RwJmAmmaaQzOSQAKPQ8MbXIz9xj1IxUJxq4cRuAHpCeYzSrSROjlcgeEliIJzJ4q4LVmvr4mU4QMuVCtH+KZS7OTydsmeAM8TJyV5lKLayX21uyGNAxCacqJUy7Ej7SZEakY5jLLtWEFE6ID0oGWoIAEoN5l8MsKHRuliP5SmhMYT9fdEQgKlhoFnOgOi+2rWG4v/ea1Y+2duwkQUaxB0usiPOdYhHseCu0wC1XxoCKGSmVsx7RNJqDbhZU0IzuzL86R+XHLsknN9ki+fp3Fk0D46QAXkoFNURleoimqIokf0jF7Rm/VkvVjv1se0dcFKZ/bQH1ifP2oRmDc=</latexit><latexit sha1_base64="p3CAfH4PWRrjrvvfMm+sdAatFsA=">AAACCXicbVA9SwNBEN3zM8avqKXNYhASkHAngpZBC4U0Ec0HJGfY28wlS/b2jt09JRxpbfwrNhaK2PoP7Pw3bpIrNPHBwOO9GWbmeRFnStv2t7WwuLS8sppZy65vbG5t53Z26yqMJYUaDXkomx5RwJmAmmaaQzOSQAKPQ8MbXIz9xj1IxUJxq4cRuAHpCeYzSrSROjlcgeEliIJzJ4q4LVmvr4mU4QMuVCtH+KZS7OTydsmeAM8TJyV5lKLayX21uyGNAxCacqJUy7Ej7SZEakY5jLLtWEFE6ID0oGWoIAEoN5l8MsKHRuliP5SmhMYT9fdEQgKlhoFnOgOi+2rWG4v/ea1Y+2duwkQUaxB0usiPOdYhHseCu0wC1XxoCKGSmVsx7RNJqDbhZU0IzuzL86R+XHLsknN9ki+fp3Fk0D46QAXkoFNURleoimqIokf0jF7Rm/VkvVjv1se0dcFKZ/bQH1ifP2oRmDc=</latexit>

Sample a short vector r 2 {0, 1}m
<latexit sha1_base64="Ku91XSsaNc04XBA5nyZHZbEc8lM=">AAAB+XicbVBNS8NAEJ3Ur1q/oh69LBbBg5REBD0WvXisYD+giWWz3bRLdzdhd1Moof/EiwdFvPpPvPlv3LY5aOuDgcd7M8zMi1LOtPG8b6e0tr6xuVXeruzs7u0fuIdHLZ1kitAmSXiiOhHWlDNJm4YZTjupolhEnLaj0d3Mb4+p0iyRj2aS0lDggWQxI9hYqee6CgVMoiD3LpAfTJ9Ez616NW8OtEr8glShQKPnfgX9hGSCSkM41rrre6kJc6wMI5xOK0GmaYrJCA9o11KJBdVhPr98is6s0kdxomxJg+bq74kcC60nIrKdApuhXvZm4n9eNzPxTZgzmWaGSrJYFGccmQTNYkB9pigxfGIJJorZWxEZYoWJsWFVbAj+8surpHVZ872a/3BVrd8WcZThBE7hHHy4hjrcQwOaQGAMz/AKb07uvDjvzseiteQUM8fwB87nD5/hklg=</latexit><latexit sha1_base64="Ku91XSsaNc04XBA5nyZHZbEc8lM=">AAAB+XicbVBNS8NAEJ3Ur1q/oh69LBbBg5REBD0WvXisYD+giWWz3bRLdzdhd1Moof/EiwdFvPpPvPlv3LY5aOuDgcd7M8zMi1LOtPG8b6e0tr6xuVXeruzs7u0fuIdHLZ1kitAmSXiiOhHWlDNJm4YZTjupolhEnLaj0d3Mb4+p0iyRj2aS0lDggWQxI9hYqee6CgVMoiD3LpAfTJ9Ez616NW8OtEr8glShQKPnfgX9hGSCSkM41rrre6kJc6wMI5xOK0GmaYrJCA9o11KJBdVhPr98is6s0kdxomxJg+bq74kcC60nIrKdApuhXvZm4n9eNzPxTZgzmWaGSrJYFGccmQTNYkB9pigxfGIJJorZWxEZYoWJsWFVbAj+8surpHVZ872a/3BVrd8WcZThBE7hHHy4hjrcQwOaQGAMz/AKb07uvDjvzseiteQUM8fwB87nD5/hklg=</latexit><latexit sha1_base64="Ku91XSsaNc04XBA5nyZHZbEc8lM=">AAAB+XicbVBNS8NAEJ3Ur1q/oh69LBbBg5REBD0WvXisYD+giWWz3bRLdzdhd1Moof/EiwdFvPpPvPlv3LY5aOuDgcd7M8zMi1LOtPG8b6e0tr6xuVXeruzs7u0fuIdHLZ1kitAmSXiiOhHWlDNJm4YZTjupolhEnLaj0d3Mb4+p0iyRj2aS0lDggWQxI9hYqee6CgVMoiD3LpAfTJ9Ez616NW8OtEr8glShQKPnfgX9hGSCSkM41rrre6kJc6wMI5xOK0GmaYrJCA9o11KJBdVhPr98is6s0kdxomxJg+bq74kcC60nIrKdApuhXvZm4n9eNzPxTZgzmWaGSrJYFGccmQTNYkB9pigxfGIJJorZWxEZYoWJsWFVbAj+8surpHVZ872a/3BVrd8WcZThBE7hHHy4hjrcQwOaQGAMz/AKb07uvDjvzseiteQUM8fwB87nD5/hklg=</latexit><latexit sha1_base64="Ku91XSsaNc04XBA5nyZHZbEc8lM=">AAAB+XicbVBNS8NAEJ3Ur1q/oh69LBbBg5REBD0WvXisYD+giWWz3bRLdzdhd1Moof/EiwdFvPpPvPlv3LY5aOuDgcd7M8zMi1LOtPG8b6e0tr6xuVXeruzs7u0fuIdHLZ1kitAmSXiiOhHWlDNJm4YZTjupolhEnLaj0d3Mb4+p0iyRj2aS0lDggWQxI9hYqee6CgVMoiD3LpAfTJ9Ez616NW8OtEr8glShQKPnfgX9hGSCSkM41rrre6kJc6wMI5xOK0GmaYrJCA9o11KJBdVhPr98is6s0kdxomxJg+bq74kcC60nIrKdApuhXvZm4n9eNzPxTZgzmWaGSrJYFGccmQTNYkB9pigxfGIJJorZWxEZYoWJsWFVbAj+8surpHVZ872a/3BVrd8WcZThBE7hHHy4hjrcQwOaQGAMz/AKb07uvDjvzseiteQUM8fwB87nD5/hklg=</latexit>

Enc(PK,M) ! (u, v)
<latexit sha1_base64="Aj3cPj31y2crtLNDwOjsRCb/kdg=">AAACBnicbVDLSgMxFM3UV62vUZciBIvQQikzIuiyKIIgQgX7gHYomTTThmaSIclUytCVG3/FjQtF3PoN7vwb03YW2nrgwuGce7n3Hj9iVGnH+bYyS8srq2vZ9dzG5tb2jr27V1cilpjUsGBCNn2kCKOc1DTVjDQjSVDoM9LwB5cTvzEkUlHB7/UoIl6IepwGFCNtpI59eMVxoXpTgrdF2Ja019dISvEAC3EJDosdO++UnSngInFTkgcpqh37q90VOA4J15ghpVquE2kvQVJTzMg4144ViRAeoB5pGcpRSJSXTN8Yw2OjdGEgpCmu4VT9PZGgUKlR6JvOEOm+mvcm4n9eK9bBuZdQHsWacDxbFMQMagEnmcAulQRrNjIEYUnNrRD3kURYm+RyJgR3/uVFUj8pu07ZvTvNVy7SOLLgAByBAnDBGaiAa1AFNYDBI3gGr+DNerJerHfrY9aasdKZffAH1ucP44+W1Q==</latexit><latexit sha1_base64="Aj3cPj31y2crtLNDwOjsRCb/kdg=">AAACBnicbVDLSgMxFM3UV62vUZciBIvQQikzIuiyKIIgQgX7gHYomTTThmaSIclUytCVG3/FjQtF3PoN7vwb03YW2nrgwuGce7n3Hj9iVGnH+bYyS8srq2vZ9dzG5tb2jr27V1cilpjUsGBCNn2kCKOc1DTVjDQjSVDoM9LwB5cTvzEkUlHB7/UoIl6IepwGFCNtpI59eMVxoXpTgrdF2Ja019dISvEAC3EJDosdO++UnSngInFTkgcpqh37q90VOA4J15ghpVquE2kvQVJTzMg4144ViRAeoB5pGcpRSJSXTN8Yw2OjdGEgpCmu4VT9PZGgUKlR6JvOEOm+mvcm4n9eK9bBuZdQHsWacDxbFMQMagEnmcAulQRrNjIEYUnNrRD3kURYm+RyJgR3/uVFUj8pu07ZvTvNVy7SOLLgAByBAnDBGaiAa1AFNYDBI3gGr+DNerJerHfrY9aasdKZffAH1ucP44+W1Q==</latexit><latexit sha1_base64="Aj3cPj31y2crtLNDwOjsRCb/kdg=">AAACBnicbVDLSgMxFM3UV62vUZciBIvQQikzIuiyKIIgQgX7gHYomTTThmaSIclUytCVG3/FjQtF3PoN7vwb03YW2nrgwuGce7n3Hj9iVGnH+bYyS8srq2vZ9dzG5tb2jr27V1cilpjUsGBCNn2kCKOc1DTVjDQjSVDoM9LwB5cTvzEkUlHB7/UoIl6IepwGFCNtpI59eMVxoXpTgrdF2Ja019dISvEAC3EJDosdO++UnSngInFTkgcpqh37q90VOA4J15ghpVquE2kvQVJTzMg4144ViRAeoB5pGcpRSJSXTN8Yw2OjdGEgpCmu4VT9PZGgUKlR6JvOEOm+mvcm4n9eK9bBuZdQHsWacDxbFMQMagEnmcAulQRrNjIEYUnNrRD3kURYm+RyJgR3/uVFUj8pu07ZvTvNVy7SOLLgAByBAnDBGaiAa1AFNYDBI3gGr+DNerJerHfrY9aasdKZffAH1ucP44+W1Q==</latexit><latexit sha1_base64="Aj3cPj31y2crtLNDwOjsRCb/kdg=">AAACBnicbVDLSgMxFM3UV62vUZciBIvQQikzIuiyKIIgQgX7gHYomTTThmaSIclUytCVG3/FjQtF3PoN7vwb03YW2nrgwuGce7n3Hj9iVGnH+bYyS8srq2vZ9dzG5tb2jr27V1cilpjUsGBCNn2kCKOc1DTVjDQjSVDoM9LwB5cTvzEkUlHB7/UoIl6IepwGFCNtpI59eMVxoXpTgrdF2Ja019dISvEAC3EJDosdO++UnSngInFTkgcpqh37q90VOA4J15ghpVquE2kvQVJTzMg4144ViRAeoB5pGcpRSJSXTN8Yw2OjdGEgpCmu4VT9PZGgUKlR6JvOEOm+mvcm4n9eK9bBuZdQHsWacDxbFMQMagEnmcAulQRrNjIEYUnNrRD3kURYm+RyJgR3/uVFUj8pu07ZvTvNVy7SOLLgAByBAnDBGaiAa1AFNYDBI3gGr+DNerJerHfrY9aasdKZffAH1ucP44+W1Q==</latexit>

u = rTA, v = hr, bi+M · dq/2e
<latexit sha1_base64="/KUNZj0S60z9gZwsYmEj2sZEXxg="></latexit><latexit sha1_base64="/KUNZj0S60z9gZwsYmEj2sZEXxg="></latexit><latexit sha1_base64="/KUNZj0S60z9gZwsYmEj2sZEXxg="></latexit><latexit sha1_base64="/KUNZj0S60z9gZwsYmEj2sZEXxg="></latexit>



Learning With Errors (LWE)

Sample a short vector r 2 {0, 1}m
<latexit sha1_base64="Ku91XSsaNc04XBA5nyZHZbEc8lM=">AAAB+XicbVBNS8NAEJ3Ur1q/oh69LBbBg5REBD0WvXisYD+giWWz3bRLdzdhd1Moof/EiwdFvPpPvPlv3LY5aOuDgcd7M8zMi1LOtPG8b6e0tr6xuVXeruzs7u0fuIdHLZ1kitAmSXiiOhHWlDNJm4YZTjupolhEnLaj0d3Mb4+p0iyRj2aS0lDggWQxI9hYqee6CgVMoiD3LpAfTJ9Ez616NW8OtEr8glShQKPnfgX9hGSCSkM41rrre6kJc6wMI5xOK0GmaYrJCA9o11KJBdVhPr98is6s0kdxomxJg+bq74kcC60nIrKdApuhXvZm4n9eNzPxTZgzmWaGSrJYFGccmQTNYkB9pigxfGIJJorZWxEZYoWJsWFVbAj+8surpHVZ872a/3BVrd8WcZThBE7hHHy4hjrcQwOaQGAMz/AKb07uvDjvzseiteQUM8fwB87nD5/hklg=</latexit><latexit sha1_base64="Ku91XSsaNc04XBA5nyZHZbEc8lM=">AAAB+XicbVBNS8NAEJ3Ur1q/oh69LBbBg5REBD0WvXisYD+giWWz3bRLdzdhd1Moof/EiwdFvPpPvPlv3LY5aOuDgcd7M8zMi1LOtPG8b6e0tr6xuVXeruzs7u0fuIdHLZ1kitAmSXiiOhHWlDNJm4YZTjupolhEnLaj0d3Mb4+p0iyRj2aS0lDggWQxI9hYqee6CgVMoiD3LpAfTJ9Ez616NW8OtEr8glShQKPnfgX9hGSCSkM41rrre6kJc6wMI5xOK0GmaYrJCA9o11KJBdVhPr98is6s0kdxomxJg+bq74kcC60nIrKdApuhXvZm4n9eNzPxTZgzmWaGSrJYFGccmQTNYkB9pigxfGIJJorZWxEZYoWJsWFVbAj+8surpHVZ872a/3BVrd8WcZThBE7hHHy4hjrcQwOaQGAMz/AKb07uvDjvzseiteQUM8fwB87nD5/hklg=</latexit><latexit sha1_base64="Ku91XSsaNc04XBA5nyZHZbEc8lM=">AAAB+XicbVBNS8NAEJ3Ur1q/oh69LBbBg5REBD0WvXisYD+giWWz3bRLdzdhd1Moof/EiwdFvPpPvPlv3LY5aOuDgcd7M8zMi1LOtPG8b6e0tr6xuVXeruzs7u0fuIdHLZ1kitAmSXiiOhHWlDNJm4YZTjupolhEnLaj0d3Mb4+p0iyRj2aS0lDggWQxI9hYqee6CgVMoiD3LpAfTJ9Ez616NW8OtEr8glShQKPnfgX9hGSCSkM41rrre6kJc6wMI5xOK0GmaYrJCA9o11KJBdVhPr98is6s0kdxomxJg+bq74kcC60nIrKdApuhXvZm4n9eNzPxTZgzmWaGSrJYFGccmQTNYkB9pigxfGIJJorZWxEZYoWJsWFVbAj+8surpHVZ872a/3BVrd8WcZThBE7hHHy4hjrcQwOaQGAMz/AKb07uvDjvzseiteQUM8fwB87nD5/hklg=</latexit><latexit sha1_base64="Ku91XSsaNc04XBA5nyZHZbEc8lM=">AAAB+XicbVBNS8NAEJ3Ur1q/oh69LBbBg5REBD0WvXisYD+giWWz3bRLdzdhd1Moof/EiwdFvPpPvPlv3LY5aOuDgcd7M8zMi1LOtPG8b6e0tr6xuVXeruzs7u0fuIdHLZ1kitAmSXiiOhHWlDNJm4YZTjupolhEnLaj0d3Mb4+p0iyRj2aS0lDggWQxI9hYqee6CgVMoiD3LpAfTJ9Ez616NW8OtEr8glShQKPnfgX9hGSCSkM41rrre6kJc6wMI5xOK0GmaYrJCA9o11KJBdVhPr98is6s0kdxomxJg+bq74kcC60nIrKdApuhXvZm4n9eNzPxTZgzmWaGSrJYFGccmQTNYkB9pigxfGIJJorZWxEZYoWJsWFVbAj+8surpHVZ872a/3BVrd8WcZThBE7hHHy4hjrcQwOaQGAMz/AKb07uvDjvzseiteQUM8fwB87nD5/hklg=</latexit>

Enc(PK,M) ! (u, v)
<latexit sha1_base64="Aj3cPj31y2crtLNDwOjsRCb/kdg=">AAACBnicbVDLSgMxFM3UV62vUZciBIvQQikzIuiyKIIgQgX7gHYomTTThmaSIclUytCVG3/FjQtF3PoN7vwb03YW2nrgwuGce7n3Hj9iVGnH+bYyS8srq2vZ9dzG5tb2jr27V1cilpjUsGBCNn2kCKOc1DTVjDQjSVDoM9LwB5cTvzEkUlHB7/UoIl6IepwGFCNtpI59eMVxoXpTgrdF2Ja019dISvEAC3EJDosdO++UnSngInFTkgcpqh37q90VOA4J15ghpVquE2kvQVJTzMg4144ViRAeoB5pGcpRSJSXTN8Yw2OjdGEgpCmu4VT9PZGgUKlR6JvOEOm+mvcm4n9eK9bBuZdQHsWacDxbFMQMagEnmcAulQRrNjIEYUnNrRD3kURYm+RyJgR3/uVFUj8pu07ZvTvNVy7SOLLgAByBAnDBGaiAa1AFNYDBI3gGr+DNerJerHfrY9aasdKZffAH1ucP44+W1Q==</latexit><latexit sha1_base64="Aj3cPj31y2crtLNDwOjsRCb/kdg=">AAACBnicbVDLSgMxFM3UV62vUZciBIvQQikzIuiyKIIgQgX7gHYomTTThmaSIclUytCVG3/FjQtF3PoN7vwb03YW2nrgwuGce7n3Hj9iVGnH+bYyS8srq2vZ9dzG5tb2jr27V1cilpjUsGBCNn2kCKOc1DTVjDQjSVDoM9LwB5cTvzEkUlHB7/UoIl6IepwGFCNtpI59eMVxoXpTgrdF2Ja019dISvEAC3EJDosdO++UnSngInFTkgcpqh37q90VOA4J15ghpVquE2kvQVJTzMg4144ViRAeoB5pGcpRSJSXTN8Yw2OjdGEgpCmu4VT9PZGgUKlR6JvOEOm+mvcm4n9eK9bBuZdQHsWacDxbFMQMagEnmcAulQRrNjIEYUnNrRD3kURYm+RyJgR3/uVFUj8pu07ZvTvNVy7SOLLgAByBAnDBGaiAa1AFNYDBI3gGr+DNerJerHfrY9aasdKZffAH1ucP44+W1Q==</latexit><latexit sha1_base64="Aj3cPj31y2crtLNDwOjsRCb/kdg=">AAACBnicbVDLSgMxFM3UV62vUZciBIvQQikzIuiyKIIgQgX7gHYomTTThmaSIclUytCVG3/FjQtF3PoN7vwb03YW2nrgwuGce7n3Hj9iVGnH+bYyS8srq2vZ9dzG5tb2jr27V1cilpjUsGBCNn2kCKOc1DTVjDQjSVDoM9LwB5cTvzEkUlHB7/UoIl6IepwGFCNtpI59eMVxoXpTgrdF2Ja019dISvEAC3EJDosdO++UnSngInFTkgcpqh37q90VOA4J15ghpVquE2kvQVJTzMg4144ViRAeoB5pGcpRSJSXTN8Yw2OjdGEgpCmu4VT9PZGgUKlR6JvOEOm+mvcm4n9eK9bBuZdQHsWacDxbFMQMagEnmcAulQRrNjIEYUnNrRD3kURYm+RyJgR3/uVFUj8pu07ZvTvNVy7SOLLgAByBAnDBGaiAa1AFNYDBI3gGr+DNerJerHfrY9aasdKZffAH1ucP44+W1Q==</latexit><latexit sha1_base64="Aj3cPj31y2crtLNDwOjsRCb/kdg=">AAACBnicbVDLSgMxFM3UV62vUZciBIvQQikzIuiyKIIgQgX7gHYomTTThmaSIclUytCVG3/FjQtF3PoN7vwb03YW2nrgwuGce7n3Hj9iVGnH+bYyS8srq2vZ9dzG5tb2jr27V1cilpjUsGBCNn2kCKOc1DTVjDQjSVDoM9LwB5cTvzEkUlHB7/UoIl6IepwGFCNtpI59eMVxoXpTgrdF2Ja019dISvEAC3EJDosdO++UnSngInFTkgcpqh37q90VOA4J15ghpVquE2kvQVJTzMg4144ViRAeoB5pGcpRSJSXTN8Yw2OjdGEgpCmu4VT9PZGgUKlR6JvOEOm+mvcm4n9eK9bBuZdQHsWacDxbFMQMagEnmcAulQRrNjIEYUnNrRD3kURYm+RyJgR3/uVFUj8pu07ZvTvNVy7SOLLgAByBAnDBGaiAa1AFNYDBI3gGr+DNerJerHfrY9aasdKZffAH1ucP44+W1Q==</latexit>

Dec(SK, (u, v)) ! M 0
<latexit sha1_base64="+Ar/qLdeVXAiGLV48oFcMkuGHuQ=">AAACBnicbVDLSgMxFM3UV62vUZciBIvYQikzIuiyqAtBhIr2Ae1QMmnahmaSIclUytCVG3/FjQtF3PoN7vwb03YW2nrgwuGce7n3Hj9kVGnH+bZSC4tLyyvp1cza+sbmlr29U1UikphUsGBC1n2kCKOcVDTVjNRDSVDgM1Lz+xdjvzYgUlHB7/UwJF6Aupx2KEbaSC17/5Lg3N11AeaiwiCfh01Juz2NpBQP8OaoZWedojMBnCduQrIgQbllfzXbAkcB4RozpFTDdULtxUhqihkZZZqRIiHCfdQlDUM5Cojy4skbI3holDbsCGmKazhRf0/EKFBqGPimM0C6p2a9sfif14h058yLKQ8jTTieLupEDGoBx5nANpUEazY0BGFJza0Q95BEWJvkMiYEd/bleVI9LrpO0b09yZbOkzjSYA8cgBxwwSkogStQBhWAwSN4Bq/gzXqyXqx362PamrKSmV3wB9bnD95QltU=</latexit><latexit sha1_base64="+Ar/qLdeVXAiGLV48oFcMkuGHuQ=">AAACBnicbVDLSgMxFM3UV62vUZciBIvYQikzIuiyqAtBhIr2Ae1QMmnahmaSIclUytCVG3/FjQtF3PoN7vwb03YW2nrgwuGce7n3Hj9kVGnH+bZSC4tLyyvp1cza+sbmlr29U1UikphUsGBC1n2kCKOcVDTVjNRDSVDgM1Lz+xdjvzYgUlHB7/UwJF6Aupx2KEbaSC17/5Lg3N11AeaiwiCfh01Juz2NpBQP8OaoZWedojMBnCduQrIgQbllfzXbAkcB4RozpFTDdULtxUhqihkZZZqRIiHCfdQlDUM5Cojy4skbI3holDbsCGmKazhRf0/EKFBqGPimM0C6p2a9sfif14h058yLKQ8jTTieLupEDGoBx5nANpUEazY0BGFJza0Q95BEWJvkMiYEd/bleVI9LrpO0b09yZbOkzjSYA8cgBxwwSkogStQBhWAwSN4Bq/gzXqyXqx362PamrKSmV3wB9bnD95QltU=</latexit><latexit sha1_base64="+Ar/qLdeVXAiGLV48oFcMkuGHuQ=">AAACBnicbVDLSgMxFM3UV62vUZciBIvYQikzIuiyqAtBhIr2Ae1QMmnahmaSIclUytCVG3/FjQtF3PoN7vwb03YW2nrgwuGce7n3Hj9kVGnH+bZSC4tLyyvp1cza+sbmlr29U1UikphUsGBC1n2kCKOcVDTVjNRDSVDgM1Lz+xdjvzYgUlHB7/UwJF6Aupx2KEbaSC17/5Lg3N11AeaiwiCfh01Juz2NpBQP8OaoZWedojMBnCduQrIgQbllfzXbAkcB4RozpFTDdULtxUhqihkZZZqRIiHCfdQlDUM5Cojy4skbI3holDbsCGmKazhRf0/EKFBqGPimM0C6p2a9sfif14h058yLKQ8jTTieLupEDGoBx5nANpUEazY0BGFJza0Q95BEWJvkMiYEd/bleVI9LrpO0b09yZbOkzjSYA8cgBxwwSkogStQBhWAwSN4Bq/gzXqyXqx362PamrKSmV3wB9bnD95QltU=</latexit><latexit sha1_base64="+Ar/qLdeVXAiGLV48oFcMkuGHuQ=">AAACBnicbVDLSgMxFM3UV62vUZciBIvYQikzIuiyqAtBhIr2Ae1QMmnahmaSIclUytCVG3/FjQtF3PoN7vwb03YW2nrgwuGce7n3Hj9kVGnH+bZSC4tLyyvp1cza+sbmlr29U1UikphUsGBC1n2kCKOcVDTVjNRDSVDgM1Lz+xdjvzYgUlHB7/UwJF6Aupx2KEbaSC17/5Lg3N11AeaiwiCfh01Juz2NpBQP8OaoZWedojMBnCduQrIgQbllfzXbAkcB4RozpFTDdULtxUhqihkZZZqRIiHCfdQlDUM5Cojy4skbI3holDbsCGmKazhRf0/EKFBqGPimM0C6p2a9sfif14h058yLKQ8jTTieLupEDGoBx5nANpUEazY0BGFJza0Q95BEWJvkMiYEd/bleVI9LrpO0b09yZbOkzjSYA8cgBxwwSkogStQBhWAwSN4Bq/gzXqyXqx362PamrKSmV3wB9bnD95QltU=</latexit>

SK = s, PK = (A, b = As+ e)
<latexit sha1_base64="JKd+W/TsfSGQGQwXl8T15jzxRlg=">AAACBXicbVC7SgNBFJ2Nrxhfq5ZaDAYhYgi7ImgjJNoINhHNA5IlzE5ukiGzD2ZmhbCksfFXbCwUsfUf7PwbZ5MtNPHAcA/n3Mude9yQM6ks69vILCwuLa9kV3Nr6xubW+b2Tl0GkaBQowEPRNMlEjjzoaaY4tAMBRDP5dBwh1eJ33gAIVng36tRCI5H+j7rMUqUljrm/t0NvsCyiKtJLVSK2NW1IvExhqOOmbdK1gR4ntgpyaMU1Y751e4GNPLAV5QTKVu2FSonJkIxymGca0cSQkKHpA8tTX3igXTiyRVjfKiVLu4FQj9f4Yn6eyImnpQjz9WdHlEDOesl4n9eK1K9cydmfhgp8Ol0US/iWAU4iQR3mQCq+EgTQgXTf8V0QAShSgeX0yHYsyfPk/pJybZK9u1pvnyZxpFFe+gAFZCNzlAZXaMqqiGKHtEzekVvxpPxYrwbH9PWjJHO7KI/MD5/AEu4k/Y=</latexit><latexit sha1_base64="JKd+W/TsfSGQGQwXl8T15jzxRlg=">AAACBXicbVC7SgNBFJ2Nrxhfq5ZaDAYhYgi7ImgjJNoINhHNA5IlzE5ukiGzD2ZmhbCksfFXbCwUsfUf7PwbZ5MtNPHAcA/n3Mude9yQM6ks69vILCwuLa9kV3Nr6xubW+b2Tl0GkaBQowEPRNMlEjjzoaaY4tAMBRDP5dBwh1eJ33gAIVng36tRCI5H+j7rMUqUljrm/t0NvsCyiKtJLVSK2NW1IvExhqOOmbdK1gR4ntgpyaMU1Y751e4GNPLAV5QTKVu2FSonJkIxymGca0cSQkKHpA8tTX3igXTiyRVjfKiVLu4FQj9f4Yn6eyImnpQjz9WdHlEDOesl4n9eK1K9cydmfhgp8Ol0US/iWAU4iQR3mQCq+EgTQgXTf8V0QAShSgeX0yHYsyfPk/pJybZK9u1pvnyZxpFFe+gAFZCNzlAZXaMqqiGKHtEzekVvxpPxYrwbH9PWjJHO7KI/MD5/AEu4k/Y=</latexit><latexit sha1_base64="JKd+W/TsfSGQGQwXl8T15jzxRlg=">AAACBXicbVC7SgNBFJ2Nrxhfq5ZaDAYhYgi7ImgjJNoINhHNA5IlzE5ukiGzD2ZmhbCksfFXbCwUsfUf7PwbZ5MtNPHAcA/n3Mude9yQM6ks69vILCwuLa9kV3Nr6xubW+b2Tl0GkaBQowEPRNMlEjjzoaaY4tAMBRDP5dBwh1eJ33gAIVng36tRCI5H+j7rMUqUljrm/t0NvsCyiKtJLVSK2NW1IvExhqOOmbdK1gR4ntgpyaMU1Y751e4GNPLAV5QTKVu2FSonJkIxymGca0cSQkKHpA8tTX3igXTiyRVjfKiVLu4FQj9f4Yn6eyImnpQjz9WdHlEDOesl4n9eK1K9cydmfhgp8Ol0US/iWAU4iQR3mQCq+EgTQgXTf8V0QAShSgeX0yHYsyfPk/pJybZK9u1pvnyZxpFFe+gAFZCNzlAZXaMqqiGKHtEzekVvxpPxYrwbH9PWjJHO7KI/MD5/AEu4k/Y=</latexit><latexit sha1_base64="JKd+W/TsfSGQGQwXl8T15jzxRlg=">AAACBXicbVC7SgNBFJ2Nrxhfq5ZaDAYhYgi7ImgjJNoINhHNA5IlzE5ukiGzD2ZmhbCksfFXbCwUsfUf7PwbZ5MtNPHAcA/n3Mude9yQM6ks69vILCwuLa9kV3Nr6xubW+b2Tl0GkaBQowEPRNMlEjjzoaaY4tAMBRDP5dBwh1eJ33gAIVng36tRCI5H+j7rMUqUljrm/t0NvsCyiKtJLVSK2NW1IvExhqOOmbdK1gR4ntgpyaMU1Y751e4GNPLAV5QTKVu2FSonJkIxymGca0cSQkKHpA8tTX3igXTiyRVjfKiVLu4FQj9f4Yn6eyImnpQjz9WdHlEDOesl4n9eK1K9cydmfhgp8Ol0US/iWAU4iQR3mQCq+EgTQgXTf8V0QAShSgeX0yHYsyfPk/pJybZK9u1pvnyZxpFFe+gAFZCNzlAZXaMqqiGKHtEzekVvxpPxYrwbH9PWjJHO7KI/MD5/AEu4k/Y=</latexit>

u = rTA, v = hr, bi+M · dq/2e
<latexit sha1_base64="/KUNZj0S60z9gZwsYmEj2sZEXxg="></latexit><latexit sha1_base64="/KUNZj0S60z9gZwsYmEj2sZEXxg="></latexit><latexit sha1_base64="/KUNZj0S60z9gZwsYmEj2sZEXxg="></latexit><latexit sha1_base64="/KUNZj0S60z9gZwsYmEj2sZEXxg="></latexit>

M 0 =

⇢
0, if ||v � hu, si||  q/4
1, otherwise

<latexit sha1_base64="0RX3iT0dspLU8irU8L8q+N5js8o="></latexit><latexit sha1_base64="0RX3iT0dspLU8irU8L8q+N5js8o="></latexit><latexit sha1_base64="0RX3iT0dspLU8irU8L8q+N5js8o="></latexit><latexit sha1_base64="0RX3iT0dspLU8irU8L8q+N5js8o="></latexit>



Learning With Errors (LWE)

Some real parameters

Then A will have 65536 elements

n = 64, q = 251,m = 1024
<latexit sha1_base64="xImsL8kCzKbTX7jV9ZPtXiSMFuU=">AAACAnicbZDLSgMxFIYz9VbrbdSVuAkWwUUpk1IvG6HoxmUFe4F2KJk004YmmTHJCKUUN76KGxeKuPUp3Pk2pu0stPVAyMf/n0Ny/iDmTBvP+3YyS8srq2vZ9dzG5tb2jru7V9dRogitkYhHqhlgTTmTtGaY4bQZK4pFwGkjGFxP/MYDVZpF8s4MY+oL3JMsZAQbK3XcAwkv4Vm5AO/tXTpFBSgsIK9U7rh5r+hNCy4CSiEP0qp23K92NyKJoNIQjrVuIS82/ggrwwin41w70TTGZIB7tGVRYkG1P5quMIbHVunCMFL2SAOn6u+JERZaD0VgOwU2fT3vTcT/vFZiwgt/xGScGCrJ7KEw4dBEcJIH7DJFieFDC5goZv8KSR8rTIxNLWdDQPMrL0K9VEReEd2W85WrNI4sOARH4AQgcA4q4AZUQQ0Q8AiewSt4c56cF+fd+Zi1Zpx0Zh/8KefzByv2ksk=</latexit><latexit sha1_base64="xImsL8kCzKbTX7jV9ZPtXiSMFuU=">AAACAnicbZDLSgMxFIYz9VbrbdSVuAkWwUUpk1IvG6HoxmUFe4F2KJk004YmmTHJCKUUN76KGxeKuPUp3Pk2pu0stPVAyMf/n0Ny/iDmTBvP+3YyS8srq2vZ9dzG5tb2jru7V9dRogitkYhHqhlgTTmTtGaY4bQZK4pFwGkjGFxP/MYDVZpF8s4MY+oL3JMsZAQbK3XcAwkv4Vm5AO/tXTpFBSgsIK9U7rh5r+hNCy4CSiEP0qp23K92NyKJoNIQjrVuIS82/ggrwwin41w70TTGZIB7tGVRYkG1P5quMIbHVunCMFL2SAOn6u+JERZaD0VgOwU2fT3vTcT/vFZiwgt/xGScGCrJ7KEw4dBEcJIH7DJFieFDC5goZv8KSR8rTIxNLWdDQPMrL0K9VEReEd2W85WrNI4sOARH4AQgcA4q4AZUQQ0Q8AiewSt4c56cF+fd+Zi1Zpx0Zh/8KefzByv2ksk=</latexit><latexit sha1_base64="xImsL8kCzKbTX7jV9ZPtXiSMFuU=">AAACAnicbZDLSgMxFIYz9VbrbdSVuAkWwUUpk1IvG6HoxmUFe4F2KJk004YmmTHJCKUUN76KGxeKuPUp3Pk2pu0stPVAyMf/n0Ny/iDmTBvP+3YyS8srq2vZ9dzG5tb2jru7V9dRogitkYhHqhlgTTmTtGaY4bQZK4pFwGkjGFxP/MYDVZpF8s4MY+oL3JMsZAQbK3XcAwkv4Vm5AO/tXTpFBSgsIK9U7rh5r+hNCy4CSiEP0qp23K92NyKJoNIQjrVuIS82/ggrwwin41w70TTGZIB7tGVRYkG1P5quMIbHVunCMFL2SAOn6u+JERZaD0VgOwU2fT3vTcT/vFZiwgt/xGScGCrJ7KEw4dBEcJIH7DJFieFDC5goZv8KSR8rTIxNLWdDQPMrL0K9VEReEd2W85WrNI4sOARH4AQgcA4q4AZUQQ0Q8AiewSt4c56cF+fd+Zi1Zpx0Zh/8KefzByv2ksk=</latexit><latexit sha1_base64="xImsL8kCzKbTX7jV9ZPtXiSMFuU=">AAACAnicbZDLSgMxFIYz9VbrbdSVuAkWwUUpk1IvG6HoxmUFe4F2KJk004YmmTHJCKUUN76KGxeKuPUp3Pk2pu0stPVAyMf/n0Ny/iDmTBvP+3YyS8srq2vZ9dzG5tb2jru7V9dRogitkYhHqhlgTTmTtGaY4bQZK4pFwGkjGFxP/MYDVZpF8s4MY+oL3JMsZAQbK3XcAwkv4Vm5AO/tXTpFBSgsIK9U7rh5r+hNCy4CSiEP0qp23K92NyKJoNIQjrVuIS82/ggrwwin41w70TTGZIB7tGVRYkG1P5quMIbHVunCMFL2SAOn6u+JERZaD0VgOwU2fT3vTcT/vFZiwgt/xGScGCrJ7KEw4dBEcJIH7DJFieFDC5goZv8KSR8rTIxNLWdDQPMrL0K9VEReEd2W85WrNI4sOARH4AQgcA4q4AZUQQ0Q8AiewSt4c56cF+fd+Zi1Zpx0Zh/8KefzByv2ksk=</latexit>

Each element requires 8 bits to store

The public key will be at least 64KB!

Can LWE be made to have smaller keys?

Yes



Ring Learning With Errors (R-LWE)

Polynomials of degree at most n, with coefficients mod q

Rq = Zq/(x
n + 1)

<latexit sha1_base64="MBpew4B6Z0uIhderbeDNgP3A8qQ=">AAACBXicbVDLSsNAFJ34rPUVdamLwSJUhJqIoBuh6MZlFfvANobJdNIOnUzSmYlYQjdu/BU3LhRx6z+482+ctFlo64ELh3Pu5d57vIhRqSzr25iZnZtfWMwt5ZdXVtfWzY3NmgxjgUkVhywUDQ9JwignVUUVI41IEBR4jNS93kXq1++JkDTkN2oQESdAHU59ipHSkmvuXLt9eAZbAVJdz0tuh27/sPhwx+EBtPdds2CVrBHgNLEzUgAZKq751WqHOA4IV5ghKZu2FSknQUJRzMgw34oliRDuoQ5paspRQKSTjL4Ywj2ttKEfCl1cwZH6eyJBgZSDwNOd6bVy0kvF/7xmrPxTJ6E8ihXheLzIjxlUIUwjgW0qCFZsoAnCgupbIe4igbDSweV1CPbky9OkdlSyrZJ9dVwon2dx5MA22AVFYIMTUAaXoAKqAINH8AxewZvxZLwY78bHuHXGyGa2wB8Ynz+WCJau</latexit><latexit sha1_base64="MBpew4B6Z0uIhderbeDNgP3A8qQ=">AAACBXicbVDLSsNAFJ34rPUVdamLwSJUhJqIoBuh6MZlFfvANobJdNIOnUzSmYlYQjdu/BU3LhRx6z+482+ctFlo64ELh3Pu5d57vIhRqSzr25iZnZtfWMwt5ZdXVtfWzY3NmgxjgUkVhywUDQ9JwignVUUVI41IEBR4jNS93kXq1++JkDTkN2oQESdAHU59ipHSkmvuXLt9eAZbAVJdz0tuh27/sPhwx+EBtPdds2CVrBHgNLEzUgAZKq751WqHOA4IV5ghKZu2FSknQUJRzMgw34oliRDuoQ5paspRQKSTjL4Ywj2ttKEfCl1cwZH6eyJBgZSDwNOd6bVy0kvF/7xmrPxTJ6E8ihXheLzIjxlUIUwjgW0qCFZsoAnCgupbIe4igbDSweV1CPbky9OkdlSyrZJ9dVwon2dx5MA22AVFYIMTUAaXoAKqAINH8AxewZvxZLwY78bHuHXGyGa2wB8Ynz+WCJau</latexit><latexit sha1_base64="MBpew4B6Z0uIhderbeDNgP3A8qQ=">AAACBXicbVDLSsNAFJ34rPUVdamLwSJUhJqIoBuh6MZlFfvANobJdNIOnUzSmYlYQjdu/BU3LhRx6z+482+ctFlo64ELh3Pu5d57vIhRqSzr25iZnZtfWMwt5ZdXVtfWzY3NmgxjgUkVhywUDQ9JwignVUUVI41IEBR4jNS93kXq1++JkDTkN2oQESdAHU59ipHSkmvuXLt9eAZbAVJdz0tuh27/sPhwx+EBtPdds2CVrBHgNLEzUgAZKq751WqHOA4IV5ghKZu2FSknQUJRzMgw34oliRDuoQ5paspRQKSTjL4Ywj2ttKEfCl1cwZH6eyJBgZSDwNOd6bVy0kvF/7xmrPxTJ6E8ihXheLzIjxlUIUwjgW0qCFZsoAnCgupbIe4igbDSweV1CPbky9OkdlSyrZJ9dVwon2dx5MA22AVFYIMTUAaXoAKqAINH8AxewZvxZLwY78bHuHXGyGa2wB8Ynz+WCJau</latexit><latexit sha1_base64="MBpew4B6Z0uIhderbeDNgP3A8qQ=">AAACBXicbVDLSsNAFJ34rPUVdamLwSJUhJqIoBuh6MZlFfvANobJdNIOnUzSmYlYQjdu/BU3LhRx6z+482+ctFlo64ELh3Pu5d57vIhRqSzr25iZnZtfWMwt5ZdXVtfWzY3NmgxjgUkVhywUDQ9JwignVUUVI41IEBR4jNS93kXq1++JkDTkN2oQESdAHU59ipHSkmvuXLt9eAZbAVJdz0tuh27/sPhwx+EBtPdds2CVrBHgNLEzUgAZKq751WqHOA4IV5ghKZu2FSknQUJRzMgw34oliRDuoQ5paspRQKSTjL4Ywj2ttKEfCl1cwZH6eyJBgZSDwNOd6bVy0kvF/7xmrPxTJ6E8ihXheLzIjxlUIUwjgW0qCFZsoAnCgupbIe4igbDSweV1CPbky9OkdlSyrZJ9dVwon2dx5MA22AVFYIMTUAaXoAKqAINH8AxewZvxZLwY78bHuHXGyGa2wB8Ynz+WCJau</latexit>

a, b, s, e 2 Rq
<latexit sha1_base64="jfuYjEg+HTunX0HoyjuhCT5LpYY=">AAAB+3icbVDLSgNBEOz1GeMrxqOXwSB4CGFXBD0GvXiMYh6QLMvspJMMmZ1dZ2bFEPIrXjwo4tUf8ebfOEn2oIkFDUVVN91dYSK4Nq777aysrq1vbOa28ts7u3v7hYNiQ8epYlhnsYhVK6QaBZdYN9wIbCUKaRQKbIbD66nffESleSzvzShBP6J9yXucUWOloFCkZRKWiS4TJB0uyV3wEBRKbsWdgSwTLyMlyFALCl+dbszSCKVhgmrd9tzE+GOqDGcCJ/lOqjGhbEj72LZU0gi1P57dPiEnVumSXqxsSUNm6u+JMY20HkWh7YyoGehFbyr+57VT07v0x1wmqUHJ5ot6qSAmJtMgSJcrZEaMLKFMcXsrYQOqKDM2rrwNwVt8eZk0ziqeW/Fuz0vVqyyOHBzBMZyCBxdQhRuoQR0YPMEzvMKbM3FenHfnY9664mQzh/AHzucP9s+Scw==</latexit><latexit sha1_base64="jfuYjEg+HTunX0HoyjuhCT5LpYY=">AAAB+3icbVDLSgNBEOz1GeMrxqOXwSB4CGFXBD0GvXiMYh6QLMvspJMMmZ1dZ2bFEPIrXjwo4tUf8ebfOEn2oIkFDUVVN91dYSK4Nq777aysrq1vbOa28ts7u3v7hYNiQ8epYlhnsYhVK6QaBZdYN9wIbCUKaRQKbIbD66nffESleSzvzShBP6J9yXucUWOloFCkZRKWiS4TJB0uyV3wEBRKbsWdgSwTLyMlyFALCl+dbszSCKVhgmrd9tzE+GOqDGcCJ/lOqjGhbEj72LZU0gi1P57dPiEnVumSXqxsSUNm6u+JMY20HkWh7YyoGehFbyr+57VT07v0x1wmqUHJ5ot6qSAmJtMgSJcrZEaMLKFMcXsrYQOqKDM2rrwNwVt8eZk0ziqeW/Fuz0vVqyyOHBzBMZyCBxdQhRuoQR0YPMEzvMKbM3FenHfnY9664mQzh/AHzucP9s+Scw==</latexit><latexit sha1_base64="jfuYjEg+HTunX0HoyjuhCT5LpYY=">AAAB+3icbVDLSgNBEOz1GeMrxqOXwSB4CGFXBD0GvXiMYh6QLMvspJMMmZ1dZ2bFEPIrXjwo4tUf8ebfOEn2oIkFDUVVN91dYSK4Nq777aysrq1vbOa28ts7u3v7hYNiQ8epYlhnsYhVK6QaBZdYN9wIbCUKaRQKbIbD66nffESleSzvzShBP6J9yXucUWOloFCkZRKWiS4TJB0uyV3wEBRKbsWdgSwTLyMlyFALCl+dbszSCKVhgmrd9tzE+GOqDGcCJ/lOqjGhbEj72LZU0gi1P57dPiEnVumSXqxsSUNm6u+JMY20HkWh7YyoGehFbyr+57VT07v0x1wmqUHJ5ot6qSAmJtMgSJcrZEaMLKFMcXsrYQOqKDM2rrwNwVt8eZk0ziqeW/Fuz0vVqyyOHBzBMZyCBxdQhRuoQR0YPMEzvMKbM3FenHfnY9664mQzh/AHzucP9s+Scw==</latexit><latexit sha1_base64="jfuYjEg+HTunX0HoyjuhCT5LpYY=">AAAB+3icbVDLSgNBEOz1GeMrxqOXwSB4CGFXBD0GvXiMYh6QLMvspJMMmZ1dZ2bFEPIrXjwo4tUf8ebfOEn2oIkFDUVVN91dYSK4Nq777aysrq1vbOa28ts7u3v7hYNiQ8epYlhnsYhVK6QaBZdYN9wIbCUKaRQKbIbD66nffESleSzvzShBP6J9yXucUWOloFCkZRKWiS4TJB0uyV3wEBRKbsWdgSwTLyMlyFALCl+dbszSCKVhgmrd9tzE+GOqDGcCJ/lOqjGhbEj72LZU0gi1P57dPiEnVumSXqxsSUNm6u+JMY20HkWh7YyoGehFbyr+57VT07v0x1wmqUHJ5ot6qSAmJtMgSJcrZEaMLKFMcXsrYQOqKDM2rrwNwVt8eZk0ziqeW/Fuz0vVqyyOHBzBMZyCBxdQhRuoQR0YPMEzvMKbM3FenHfnY9664mQzh/AHzucP9s+Scw==</latexit>

such that
b = a · s+ e

<latexit sha1_base64="20wgy3qtOnRMms0Kr1m4DoXJdNs=">AAAB+nicbVBNSwMxEM3Wr1q/tnr0EiyCIJRdEfQiFL14rGA/oF1KNpttQ7PJkswqpfanePGgiFd/iTf/jWm7B219MPB4b4aZeWEquAHP+3YKK6tr6xvFzdLW9s7unlvebxqVacoaVAml2yExTHDJGsBBsHaqGUlCwVrh8Gbqtx6YNlzJexilLEhIX/KYUwJW6rnlEF9hgrs0UoANPsWs51a8qjcDXiZ+TiooR73nfnUjRbOESaCCGNPxvRSCMdHAqWCTUjczLCV0SPqsY6kkCTPBeHb6BB9bJcKx0rYk4Jn6e2JMEmNGSWg7EwIDs+hNxf+8TgbxZTDmMs2ASTpfFGcCg8LTHHDENaMgRpYQqrm9FdMB0YSCTatkQ/AXX14mzbOq71X9u/NK7TqPo4gO0RE6QT66QDV0i+qogSh6RM/oFb05T86L8+58zFsLTj5zgP7A+fwBXs6SHg==</latexit><latexit sha1_base64="20wgy3qtOnRMms0Kr1m4DoXJdNs=">AAAB+nicbVBNSwMxEM3Wr1q/tnr0EiyCIJRdEfQiFL14rGA/oF1KNpttQ7PJkswqpfanePGgiFd/iTf/jWm7B219MPB4b4aZeWEquAHP+3YKK6tr6xvFzdLW9s7unlvebxqVacoaVAml2yExTHDJGsBBsHaqGUlCwVrh8Gbqtx6YNlzJexilLEhIX/KYUwJW6rnlEF9hgrs0UoANPsWs51a8qjcDXiZ+TiooR73nfnUjRbOESaCCGNPxvRSCMdHAqWCTUjczLCV0SPqsY6kkCTPBeHb6BB9bJcKx0rYk4Jn6e2JMEmNGSWg7EwIDs+hNxf+8TgbxZTDmMs2ASTpfFGcCg8LTHHDENaMgRpYQqrm9FdMB0YSCTatkQ/AXX14mzbOq71X9u/NK7TqPo4gO0RE6QT66QDV0i+qogSh6RM/oFb05T86L8+58zFsLTj5zgP7A+fwBXs6SHg==</latexit><latexit sha1_base64="20wgy3qtOnRMms0Kr1m4DoXJdNs=">AAAB+nicbVBNSwMxEM3Wr1q/tnr0EiyCIJRdEfQiFL14rGA/oF1KNpttQ7PJkswqpfanePGgiFd/iTf/jWm7B219MPB4b4aZeWEquAHP+3YKK6tr6xvFzdLW9s7unlvebxqVacoaVAml2yExTHDJGsBBsHaqGUlCwVrh8Gbqtx6YNlzJexilLEhIX/KYUwJW6rnlEF9hgrs0UoANPsWs51a8qjcDXiZ+TiooR73nfnUjRbOESaCCGNPxvRSCMdHAqWCTUjczLCV0SPqsY6kkCTPBeHb6BB9bJcKx0rYk4Jn6e2JMEmNGSWg7EwIDs+hNxf+8TgbxZTDmMs2ASTpfFGcCg8LTHHDENaMgRpYQqrm9FdMB0YSCTatkQ/AXX14mzbOq71X9u/NK7TqPo4gO0RE6QT66QDV0i+qogSh6RM/oFb05T86L8+58zFsLTj5zgP7A+fwBXs6SHg==</latexit><latexit sha1_base64="20wgy3qtOnRMms0Kr1m4DoXJdNs=">AAAB+nicbVBNSwMxEM3Wr1q/tnr0EiyCIJRdEfQiFL14rGA/oF1KNpttQ7PJkswqpfanePGgiFd/iTf/jWm7B219MPB4b4aZeWEquAHP+3YKK6tr6xvFzdLW9s7unlvebxqVacoaVAml2yExTHDJGsBBsHaqGUlCwVrh8Gbqtx6YNlzJexilLEhIX/KYUwJW6rnlEF9hgrs0UoANPsWs51a8qjcDXiZ+TiooR73nfnUjRbOESaCCGNPxvRSCMdHAqWCTUjczLCV0SPqsY6kkCTPBeHb6BB9bJcKx0rYk4Jn6e2JMEmNGSWg7EwIDs+hNxf+8TgbxZTDmMs2ASTpfFGcCg8LTHHDENaMgRpYQqrm9FdMB0YSCTatkQ/AXX14mzbOq71X9u/NK7TqPo4gO0RE6QT66QDV0i+qogSh6RM/oFb05T86L8+58zFsLTj5zgP7A+fwBXs6SHg==</latexit>

e is drawn from some gaussian distribution over polynomials

Find s!

n = 64, q = 251
<latexit sha1_base64="2YfCoiP6hhH79bqcjreZyfcSfZA=">AAAB+HicbVDLSgMxFL1TX7U+OurSTbAILqTMlPrYCEU3LivYB7RDyaSZNjSTGZOMUId+iRsXirj1U9z5N6btLLT1wOUezrmX3Bw/5kxpx/m2ciura+sb+c3C1vbObtHe22+qKJGENkjEI9n2saKcCdrQTHPajiXFoc9pyx/dTP3WI5WKReJej2PqhXggWMAI1kbq2UWBrtB59RQ9mF45c3t2ySk7M6Bl4makBBnqPfur249IElKhCcdKdVwn1l6KpWaE00mhmygaYzLCA9oxVOCQKi+dHT5Bx0bpoyCSpoRGM/X3RopDpcahbyZDrIdq0ZuK/3mdRAeXXspEnGgqyPyhIOFIR2iaAuozSYnmY0MwkczcisgQS0y0yapgQnAXv7xMmpWy65Tdu2qpdp3FkYdDOIITcOECanALdWgAgQSe4RXerCfrxXq3PuajOSvbOYA/sD5/AIwEkGg=</latexit><latexit sha1_base64="2YfCoiP6hhH79bqcjreZyfcSfZA=">AAAB+HicbVDLSgMxFL1TX7U+OurSTbAILqTMlPrYCEU3LivYB7RDyaSZNjSTGZOMUId+iRsXirj1U9z5N6btLLT1wOUezrmX3Bw/5kxpx/m2ciura+sb+c3C1vbObtHe22+qKJGENkjEI9n2saKcCdrQTHPajiXFoc9pyx/dTP3WI5WKReJej2PqhXggWMAI1kbq2UWBrtB59RQ9mF45c3t2ySk7M6Bl4makBBnqPfur249IElKhCcdKdVwn1l6KpWaE00mhmygaYzLCA9oxVOCQKi+dHT5Bx0bpoyCSpoRGM/X3RopDpcahbyZDrIdq0ZuK/3mdRAeXXspEnGgqyPyhIOFIR2iaAuozSYnmY0MwkczcisgQS0y0yapgQnAXv7xMmpWy65Tdu2qpdp3FkYdDOIITcOECanALdWgAgQSe4RXerCfrxXq3PuajOSvbOYA/sD5/AIwEkGg=</latexit><latexit sha1_base64="2YfCoiP6hhH79bqcjreZyfcSfZA=">AAAB+HicbVDLSgMxFL1TX7U+OurSTbAILqTMlPrYCEU3LivYB7RDyaSZNjSTGZOMUId+iRsXirj1U9z5N6btLLT1wOUezrmX3Bw/5kxpx/m2ciura+sb+c3C1vbObtHe22+qKJGENkjEI9n2saKcCdrQTHPajiXFoc9pyx/dTP3WI5WKReJej2PqhXggWMAI1kbq2UWBrtB59RQ9mF45c3t2ySk7M6Bl4makBBnqPfur249IElKhCcdKdVwn1l6KpWaE00mhmygaYzLCA9oxVOCQKi+dHT5Bx0bpoyCSpoRGM/X3RopDpcahbyZDrIdq0ZuK/3mdRAeXXspEnGgqyPyhIOFIR2iaAuozSYnmY0MwkczcisgQS0y0yapgQnAXv7xMmpWy65Tdu2qpdp3FkYdDOIITcOECanALdWgAgQSe4RXerCfrxXq3PuajOSvbOYA/sD5/AIwEkGg=</latexit><latexit sha1_base64="2YfCoiP6hhH79bqcjreZyfcSfZA=">AAAB+HicbVDLSgMxFL1TX7U+OurSTbAILqTMlPrYCEU3LivYB7RDyaSZNjSTGZOMUId+iRsXirj1U9z5N6btLLT1wOUezrmX3Bw/5kxpx/m2ciura+sb+c3C1vbObtHe22+qKJGENkjEI9n2saKcCdrQTHPajiXFoc9pyx/dTP3WI5WKReJej2PqhXggWMAI1kbq2UWBrtB59RQ9mF45c3t2ySk7M6Bl4makBBnqPfur249IElKhCcdKdVwn1l6KpWaE00mhmygaYzLCA9oxVOCQKi+dHT5Bx0bpoyCSpoRGM/X3RopDpcahbyZDrIdq0ZuK/3mdRAeXXspEnGgqyPyhIOFIR2iaAuozSYnmY0MwkczcisgQS0y0yapgQnAXv7xMmpWy65Tdu2qpdp3FkYdDOIITcOECanALdWgAgQSe4RXerCfrxXq3PuajOSvbOYA/sD5/AIwEkGg=</latexit>

Keys require only 64 bytes



Ring Learning With Errors (R-LWE)

Q average case R� LWE  crypto
<latexit sha1_base64="eV9YF1DCeBY1JxZW2YamQUH2L8Y=">AAACF3icbVDJSgNBEO2JW4xb1KOXxiB4McyIoMegCB48JGIWSELo6dQkTXoWu2vEYchfePFXvHhQxKve/Bs7y0ETCxoe772q6npuJIVG2/62MguLS8sr2dXc2vrG5lZ+e6emw1hxqPJQhqrhMg1SBFBFgRIakQLmuxLq7uBipNfvQWkRBreYRND2WS8QnuAMDdXJF1sS7joV2kJ4wJQy42U9oNyMpEN6c3Rdv6QjC+UqiTDs5At20R4XnQfOFBTItMqd/FerG/LYhwC5ZFo3HTvCdsoUCi5hmGvFGiLGB2Zp08CA+aDb6fiuIT0wTJd6oTIvQDpmf3ekzNc68V3j9Bn29aw2Iv/TmjF6Z+1UBFGMEPDJIi+WFEM6Col2hQKOMjGAcSXMXynvM8U4mihzJgRn9uR5UDsuOnbRqZwUSufTOLJkj+yTQ+KQU1IiV6RMqoSTR/JMXsmb9WS9WO/Wx8SasaY9u+RPWZ8/fRKe2w==</latexit><latexit sha1_base64="eV9YF1DCeBY1JxZW2YamQUH2L8Y=">AAACF3icbVDJSgNBEO2JW4xb1KOXxiB4McyIoMegCB48JGIWSELo6dQkTXoWu2vEYchfePFXvHhQxKve/Bs7y0ETCxoe772q6npuJIVG2/62MguLS8sr2dXc2vrG5lZ+e6emw1hxqPJQhqrhMg1SBFBFgRIakQLmuxLq7uBipNfvQWkRBreYRND2WS8QnuAMDdXJF1sS7joV2kJ4wJQy42U9oNyMpEN6c3Rdv6QjC+UqiTDs5At20R4XnQfOFBTItMqd/FerG/LYhwC5ZFo3HTvCdsoUCi5hmGvFGiLGB2Zp08CA+aDb6fiuIT0wTJd6oTIvQDpmf3ekzNc68V3j9Bn29aw2Iv/TmjF6Z+1UBFGMEPDJIi+WFEM6Col2hQKOMjGAcSXMXynvM8U4mihzJgRn9uR5UDsuOnbRqZwUSufTOLJkj+yTQ+KQU1IiV6RMqoSTR/JMXsmb9WS9WO/Wx8SasaY9u+RPWZ8/fRKe2w==</latexit><latexit sha1_base64="eV9YF1DCeBY1JxZW2YamQUH2L8Y=">AAACF3icbVDJSgNBEO2JW4xb1KOXxiB4McyIoMegCB48JGIWSELo6dQkTXoWu2vEYchfePFXvHhQxKve/Bs7y0ETCxoe772q6npuJIVG2/62MguLS8sr2dXc2vrG5lZ+e6emw1hxqPJQhqrhMg1SBFBFgRIakQLmuxLq7uBipNfvQWkRBreYRND2WS8QnuAMDdXJF1sS7joV2kJ4wJQy42U9oNyMpEN6c3Rdv6QjC+UqiTDs5At20R4XnQfOFBTItMqd/FerG/LYhwC5ZFo3HTvCdsoUCi5hmGvFGiLGB2Zp08CA+aDb6fiuIT0wTJd6oTIvQDpmf3ekzNc68V3j9Bn29aw2Iv/TmjF6Z+1UBFGMEPDJIi+WFEM6Col2hQKOMjGAcSXMXynvM8U4mihzJgRn9uR5UDsuOnbRqZwUSufTOLJkj+yTQ+KQU1IiV6RMqoSTR/JMXsmb9WS9WO/Wx8SasaY9u+RPWZ8/fRKe2w==</latexit><latexit sha1_base64="eV9YF1DCeBY1JxZW2YamQUH2L8Y=">AAACF3icbVDJSgNBEO2JW4xb1KOXxiB4McyIoMegCB48JGIWSELo6dQkTXoWu2vEYchfePFXvHhQxKve/Bs7y0ETCxoe772q6npuJIVG2/62MguLS8sr2dXc2vrG5lZ+e6emw1hxqPJQhqrhMg1SBFBFgRIakQLmuxLq7uBipNfvQWkRBreYRND2WS8QnuAMDdXJF1sS7joV2kJ4wJQy42U9oNyMpEN6c3Rdv6QjC+UqiTDs5At20R4XnQfOFBTItMqd/FerG/LYhwC5ZFo3HTvCdsoUCi5hmGvFGiLGB2Zp08CA+aDb6fiuIT0wTJd6oTIvQDpmf3ekzNc68V3j9Bn29aw2Iv/TmjF6Z+1UBFGMEPDJIi+WFEM6Col2hQKOMjGAcSXMXynvM8U4mihzJgRn9uR5UDsuOnbRqZwUSufTOLJkj+yTQ+KQU1IiV6RMqoSTR/JMXsmb9WS9WO/Wx8SasaY9u+RPWZ8/fRKe2w==</latexit>

worst case SV Ppoly(n)
<latexit sha1_base64="p0CWtuAmYgawUuXrZoOssxDVSbw=">AAACCXicbVDLSgMxFM3UV62vqks3wSLUTZkRQZdFNy4r2ge0pWTStA3NJENyRy3DbN34K25cKOLWP3Dn35hpZ6GtBwKHc+69uff4oeAGXPfbyS0tr6yu5dcLG5tb2zvF3b2GUZGmrE6VULrlE8MEl6wOHARrhZqRwBes6Y8vU795x7ThSt7CJGTdgAwlH3BKwEq9Iu4Ae4D4XmkDmNpBOME3jVovDpWYlOVx0iuW3Io7BV4kXkZKKEOtV/zq9BWNAiaBCmJM23ND6MZEA6eCJYVOZFhI6JgMWdtSSQJmuvH0kgQfWaWPB0rbJ+1Cqfq7IyaBMZPAt5UBgZGZ91LxP68dweC8G3MZRsAknX00iAQGhdNYcJ9rRkFMLCFUc7srpiOiCQUbXsGG4M2fvEgaJxXPrXjXp6XqRRZHHh2gQ1RGHjpDVXSFaqiOKHpEz+gVvTlPzovz7nzMSnNO1rOP/sD5/AFVkZoS</latexit><latexit sha1_base64="p0CWtuAmYgawUuXrZoOssxDVSbw=">AAACCXicbVDLSgMxFM3UV62vqks3wSLUTZkRQZdFNy4r2ge0pWTStA3NJENyRy3DbN34K25cKOLWP3Dn35hpZ6GtBwKHc+69uff4oeAGXPfbyS0tr6yu5dcLG5tb2zvF3b2GUZGmrE6VULrlE8MEl6wOHARrhZqRwBes6Y8vU795x7ThSt7CJGTdgAwlH3BKwEq9Iu4Ae4D4XmkDmNpBOME3jVovDpWYlOVx0iuW3Io7BV4kXkZKKEOtV/zq9BWNAiaBCmJM23ND6MZEA6eCJYVOZFhI6JgMWdtSSQJmuvH0kgQfWaWPB0rbJ+1Cqfq7IyaBMZPAt5UBgZGZ91LxP68dweC8G3MZRsAknX00iAQGhdNYcJ9rRkFMLCFUc7srpiOiCQUbXsGG4M2fvEgaJxXPrXjXp6XqRRZHHh2gQ1RGHjpDVXSFaqiOKHpEz+gVvTlPzovz7nzMSnNO1rOP/sD5/AFVkZoS</latexit><latexit sha1_base64="p0CWtuAmYgawUuXrZoOssxDVSbw=">AAACCXicbVDLSgMxFM3UV62vqks3wSLUTZkRQZdFNy4r2ge0pWTStA3NJENyRy3DbN34K25cKOLWP3Dn35hpZ6GtBwKHc+69uff4oeAGXPfbyS0tr6yu5dcLG5tb2zvF3b2GUZGmrE6VULrlE8MEl6wOHARrhZqRwBes6Y8vU795x7ThSt7CJGTdgAwlH3BKwEq9Iu4Ae4D4XmkDmNpBOME3jVovDpWYlOVx0iuW3Io7BV4kXkZKKEOtV/zq9BWNAiaBCmJM23ND6MZEA6eCJYVOZFhI6JgMWdtSSQJmuvH0kgQfWaWPB0rbJ+1Cqfq7IyaBMZPAt5UBgZGZ91LxP68dweC8G3MZRsAknX00iAQGhdNYcJ9rRkFMLCFUc7srpiOiCQUbXsGG4M2fvEgaJxXPrXjXp6XqRRZHHh2gQ1RGHjpDVXSFaqiOKHpEz+gVvTlPzovz7nzMSnNO1rOP/sD5/AFVkZoS</latexit><latexit sha1_base64="p0CWtuAmYgawUuXrZoOssxDVSbw=">AAACCXicbVDLSgMxFM3UV62vqks3wSLUTZkRQZdFNy4r2ge0pWTStA3NJENyRy3DbN34K25cKOLWP3Dn35hpZ6GtBwKHc+69uff4oeAGXPfbyS0tr6yu5dcLG5tb2zvF3b2GUZGmrE6VULrlE8MEl6wOHARrhZqRwBes6Y8vU795x7ThSt7CJGTdgAwlH3BKwEq9Iu4Ae4D4XmkDmNpBOME3jVovDpWYlOVx0iuW3Io7BV4kXkZKKEOtV/zq9BWNAiaBCmJM23ND6MZEA6eCJYVOZFhI6JgMWdtSSQJmuvH0kgQfWaWPB0rbJ+1Cqfq7IyaBMZPAt5UBgZGZ91LxP68dweC8G3MZRsAknX00iAQGhdNYcJ9rRkFMLCFUc7srpiOiCQUbXsGG4M2fvEgaJxXPrXjXp6XqRRZHHh2gQ1RGHjpDVXSFaqiOKHpEz+gVvTlPzovz7nzMSnNO1rOP/sD5/AFVkZoS</latexit>

on ideal lattices
<latexit sha1_base64="1ulaMrFzEshF49wElNEcRTsyh/Q=">AAACAXicbVA9SwNBEN2LXzF+ndoINotBsAp3ImgZtLGMYBIhOcLeZpIs2ds7dufEcMTGv2JjoYit/8LOf+MmuUITHww83pvZnXlhIoVBz/t2CkvLK6trxfXSxubW9o67u9cwcao51HksY30XMgNSKKijQAl3iQYWhRKa4fBq4jfvQRsRq1scJRBErK9ET3CGVuq4B22EB8xiRUUXmKSSIQoOZtxxy17Fm4IuEj8nZZKj1nG/2t2YpxEo5JIZ0/K9BIOMafuehHGpnRpIGB+yPrQsVSwCE2TTC8b02Cpd2ou1LYV0qv6eyFhkzCgKbWfEcGDmvYn4n9dKsXcRZEIlKYLis496qaQY00kctCs0cJQjSxjXwu5K+YBpxtGGVrIh+PMnL5LGacX3Kv7NWbl6mcdRJIfkiJwQn5yTKrkmNVInnDySZ/JK3pwn58V5dz5mrQUnn9knf+B8/gDlRZcp</latexit><latexit sha1_base64="1ulaMrFzEshF49wElNEcRTsyh/Q=">AAACAXicbVA9SwNBEN2LXzF+ndoINotBsAp3ImgZtLGMYBIhOcLeZpIs2ds7dufEcMTGv2JjoYit/8LOf+MmuUITHww83pvZnXlhIoVBz/t2CkvLK6trxfXSxubW9o67u9cwcao51HksY30XMgNSKKijQAl3iQYWhRKa4fBq4jfvQRsRq1scJRBErK9ET3CGVuq4B22EB8xiRUUXmKSSIQoOZtxxy17Fm4IuEj8nZZKj1nG/2t2YpxEo5JIZ0/K9BIOMafuehHGpnRpIGB+yPrQsVSwCE2TTC8b02Cpd2ou1LYV0qv6eyFhkzCgKbWfEcGDmvYn4n9dKsXcRZEIlKYLis496qaQY00kctCs0cJQjSxjXwu5K+YBpxtGGVrIh+PMnL5LGacX3Kv7NWbl6mcdRJIfkiJwQn5yTKrkmNVInnDySZ/JK3pwn58V5dz5mrQUnn9knf+B8/gDlRZcp</latexit><latexit sha1_base64="1ulaMrFzEshF49wElNEcRTsyh/Q=">AAACAXicbVA9SwNBEN2LXzF+ndoINotBsAp3ImgZtLGMYBIhOcLeZpIs2ds7dufEcMTGv2JjoYit/8LOf+MmuUITHww83pvZnXlhIoVBz/t2CkvLK6trxfXSxubW9o67u9cwcao51HksY30XMgNSKKijQAl3iQYWhRKa4fBq4jfvQRsRq1scJRBErK9ET3CGVuq4B22EB8xiRUUXmKSSIQoOZtxxy17Fm4IuEj8nZZKj1nG/2t2YpxEo5JIZ0/K9BIOMafuehHGpnRpIGB+yPrQsVSwCE2TTC8b02Cpd2ou1LYV0qv6eyFhkzCgKbWfEcGDmvYn4n9dKsXcRZEIlKYLis496qaQY00kctCs0cJQjSxjXwu5K+YBpxtGGVrIh+PMnL5LGacX3Kv7NWbl6mcdRJIfkiJwQn5yTKrkmNVInnDySZ/JK3pwn58V5dz5mrQUnn9knf+B8/gDlRZcp</latexit><latexit sha1_base64="1ulaMrFzEshF49wElNEcRTsyh/Q=">AAACAXicbVA9SwNBEN2LXzF+ndoINotBsAp3ImgZtLGMYBIhOcLeZpIs2ds7dufEcMTGv2JjoYit/8LOf+MmuUITHww83pvZnXlhIoVBz/t2CkvLK6trxfXSxubW9o67u9cwcao51HksY30XMgNSKKijQAl3iQYWhRKa4fBq4jfvQRsRq1scJRBErK9ET3CGVuq4B22EB8xiRUUXmKSSIQoOZtxxy17Fm4IuEj8nZZKj1nG/2t2YpxEo5JIZ0/K9BIOMafuehHGpnRpIGB+yPrQsVSwCE2TTC8b02Cpd2ou1LYV0qv6eyFhkzCgKbWfEcGDmvYn4n9dKsXcRZEIlKYLis496qaQY00kctCs0cJQjSxjXwu5K+YBpxtGGVrIh+PMnL5LGacX3Kv7NWbl6mcdRJIfkiJwQn5yTKrkmNVInnDySZ/JK3pwn58V5dz5mrQUnn9knf+B8/gDlRZcp</latexit>

Ideal lattice problem still seem hard

I ✓ Z/(xn + 1)
<latexit sha1_base64="asK/lDOLJUsT7OAtgBsCAev+I98=">AAACE3icbVA9SwNBEN3zM8avqKXNYhCiQrwTQcugjXYRzAcmMextJsmSvb1zd08Mx/0HG/+KjYUitjZ2/hs3lys08cHA470ZZua5AWdK2/a3NTM7N7+wmFnKLq+srq3nNjaryg8lhQr1uS/rLlHAmYCKZppDPZBAPJdDzR2cj/zaPUjFfHGthwG0PNITrMso0UZq5/abHtF9Snh0GeOmCl0FGu5worpudBMfFh5uBT7Azl47l7eLdgI8TZyU5FGKcjv31ez4NPRAaMqJUg3HDnQrIlIzyiHONkMFAaED0oOGoYJ4oFpR8lOMd43SwV1fmhIaJ+rviYh4Sg0913SOblWT3kj8z2uEunvaipgIQg2Cjhd1Q461j0cB4Q6TQDUfGkKoZOZWTPtEEqpNjFkTgjP58jSpHhUdu+hcHedLZ2kcGbSNdlABOegEldAFKqMKougRPaNX9GY9WS/Wu/Uxbp2x0pkt9AfW5w+clp1K</latexit><latexit sha1_base64="asK/lDOLJUsT7OAtgBsCAev+I98=">AAACE3icbVA9SwNBEN3zM8avqKXNYhCiQrwTQcugjXYRzAcmMextJsmSvb1zd08Mx/0HG/+KjYUitjZ2/hs3lys08cHA470ZZua5AWdK2/a3NTM7N7+wmFnKLq+srq3nNjaryg8lhQr1uS/rLlHAmYCKZppDPZBAPJdDzR2cj/zaPUjFfHGthwG0PNITrMso0UZq5/abHtF9Snh0GeOmCl0FGu5worpudBMfFh5uBT7Azl47l7eLdgI8TZyU5FGKcjv31ez4NPRAaMqJUg3HDnQrIlIzyiHONkMFAaED0oOGoYJ4oFpR8lOMd43SwV1fmhIaJ+rviYh4Sg0913SOblWT3kj8z2uEunvaipgIQg2Cjhd1Q461j0cB4Q6TQDUfGkKoZOZWTPtEEqpNjFkTgjP58jSpHhUdu+hcHedLZ2kcGbSNdlABOegEldAFKqMKougRPaNX9GY9WS/Wu/Uxbp2x0pkt9AfW5w+clp1K</latexit><latexit sha1_base64="asK/lDOLJUsT7OAtgBsCAev+I98=">AAACE3icbVA9SwNBEN3zM8avqKXNYhCiQrwTQcugjXYRzAcmMextJsmSvb1zd08Mx/0HG/+KjYUitjZ2/hs3lys08cHA470ZZua5AWdK2/a3NTM7N7+wmFnKLq+srq3nNjaryg8lhQr1uS/rLlHAmYCKZppDPZBAPJdDzR2cj/zaPUjFfHGthwG0PNITrMso0UZq5/abHtF9Snh0GeOmCl0FGu5worpudBMfFh5uBT7Azl47l7eLdgI8TZyU5FGKcjv31ez4NPRAaMqJUg3HDnQrIlIzyiHONkMFAaED0oOGoYJ4oFpR8lOMd43SwV1fmhIaJ+rviYh4Sg0913SOblWT3kj8z2uEunvaipgIQg2Cjhd1Q461j0cB4Q6TQDUfGkKoZOZWTPtEEqpNjFkTgjP58jSpHhUdu+hcHedLZ2kcGbSNdlABOegEldAFKqMKougRPaNX9GY9WS/Wu/Uxbp2x0pkt9AfW5w+clp1K</latexit><latexit sha1_base64="asK/lDOLJUsT7OAtgBsCAev+I98=">AAACE3icbVA9SwNBEN3zM8avqKXNYhCiQrwTQcugjXYRzAcmMextJsmSvb1zd08Mx/0HG/+KjYUitjZ2/hs3lys08cHA470ZZua5AWdK2/a3NTM7N7+wmFnKLq+srq3nNjaryg8lhQr1uS/rLlHAmYCKZppDPZBAPJdDzR2cj/zaPUjFfHGthwG0PNITrMso0UZq5/abHtF9Snh0GeOmCl0FGu5worpudBMfFh5uBT7Azl47l7eLdgI8TZyU5FGKcjv31ez4NPRAaMqJUg3HDnQrIlIzyiHONkMFAaED0oOGoYJ4oFpR8lOMd43SwV1fmhIaJ+rviYh4Sg0913SOblWT3kj8z2uEunvaipgIQg2Cjhd1Q461j0cB4Q6TQDUfGkKoZOZWTPtEEqpNjFkTgjP58jSpHhUdu+hcHedLZ2kcGbSNdlABOegEldAFKqMKougRPaNX9GY9WS/Wu/Uxbp2x0pkt9AfW5w+clp1K</latexit>

(I,+) subgroup of Z/(xn + 1)
<latexit sha1_base64="cmg4q59RYMVFEC3OyHTBHvnbzQY="></latexit><latexit sha1_base64="cmg4q59RYMVFEC3OyHTBHvnbzQY="></latexit><latexit sha1_base64="cmg4q59RYMVFEC3OyHTBHvnbzQY="></latexit><latexit sha1_base64="cmg4q59RYMVFEC3OyHTBHvnbzQY="></latexit>

But research is ongoing

A new hope (2015)



A new hope



Another implementation

A version of LWE with many many optimisations

It’s plain LWE not R-LWE

Frodo (2016)

Only 2x slower than ECDH



Fully homomorphic encryption

Client

f : {0, 1}m ! {0, 1}n
<latexit sha1_base64="am/gpzV5DxbHZ0pWWBGrKT683Ok=">AAACD3icbVDLSsNAFJ34rPUVdelmsCgupCQiKK6KblxWsA9oYplMJ+3QeYSZiVJC/8CNv+LGhSJu3brzb5y2AbX1wIXDOfdy7z1Rwqg2nvflzM0vLC4tF1aKq2vrG5vu1nZdy1RhUsOSSdWMkCaMClIz1DDSTBRBPGKkEfUvR37jjihNpbgxg4SEHHUFjSlGxkpt9yCG5zDIvCPoB8NbDgNFuz2DlJL3P7KAbbfklb0x4Czxc1ICOapt9zPoSJxyIgxmSOuW7yUmzJAyFDMyLAapJgnCfdQlLUsF4kSH2fifIdy3SgfGUtkSBo7V3xMZ4loPeGQ7OTI9Pe2NxP+8VmriszCjIkkNEXiyKE4ZNBKOwoEdqgg2bGAJworaWyHuIYWwsREWbQj+9MuzpH5c9r2yf31SqlzkcRTALtgDh8AHp6ACrkAV1AAGD+AJvIBX59F5dt6c90nrnJPP7IA/cD6+AWOrml0=</latexit><latexit sha1_base64="am/gpzV5DxbHZ0pWWBGrKT683Ok=">AAACD3icbVDLSsNAFJ34rPUVdelmsCgupCQiKK6KblxWsA9oYplMJ+3QeYSZiVJC/8CNv+LGhSJu3brzb5y2AbX1wIXDOfdy7z1Rwqg2nvflzM0vLC4tF1aKq2vrG5vu1nZdy1RhUsOSSdWMkCaMClIz1DDSTBRBPGKkEfUvR37jjihNpbgxg4SEHHUFjSlGxkpt9yCG5zDIvCPoB8NbDgNFuz2DlJL3P7KAbbfklb0x4Czxc1ICOapt9zPoSJxyIgxmSOuW7yUmzJAyFDMyLAapJgnCfdQlLUsF4kSH2fifIdy3SgfGUtkSBo7V3xMZ4loPeGQ7OTI9Pe2NxP+8VmriszCjIkkNEXiyKE4ZNBKOwoEdqgg2bGAJworaWyHuIYWwsREWbQj+9MuzpH5c9r2yf31SqlzkcRTALtgDh8AHp6ACrkAV1AAGD+AJvIBX59F5dt6c90nrnJPP7IA/cD6+AWOrml0=</latexit><latexit sha1_base64="am/gpzV5DxbHZ0pWWBGrKT683Ok=">AAACD3icbVDLSsNAFJ34rPUVdelmsCgupCQiKK6KblxWsA9oYplMJ+3QeYSZiVJC/8CNv+LGhSJu3brzb5y2AbX1wIXDOfdy7z1Rwqg2nvflzM0vLC4tF1aKq2vrG5vu1nZdy1RhUsOSSdWMkCaMClIz1DDSTBRBPGKkEfUvR37jjihNpbgxg4SEHHUFjSlGxkpt9yCG5zDIvCPoB8NbDgNFuz2DlJL3P7KAbbfklb0x4Czxc1ICOapt9zPoSJxyIgxmSOuW7yUmzJAyFDMyLAapJgnCfdQlLUsF4kSH2fifIdy3SgfGUtkSBo7V3xMZ4loPeGQ7OTI9Pe2NxP+8VmriszCjIkkNEXiyKE4ZNBKOwoEdqgg2bGAJworaWyHuIYWwsREWbQj+9MuzpH5c9r2yf31SqlzkcRTALtgDh8AHp6ACrkAV1AAGD+AJvIBX59F5dt6c90nrnJPP7IA/cD6+AWOrml0=</latexit><latexit sha1_base64="am/gpzV5DxbHZ0pWWBGrKT683Ok=">AAACD3icbVDLSsNAFJ34rPUVdelmsCgupCQiKK6KblxWsA9oYplMJ+3QeYSZiVJC/8CNv+LGhSJu3brzb5y2AbX1wIXDOfdy7z1Rwqg2nvflzM0vLC4tF1aKq2vrG5vu1nZdy1RhUsOSSdWMkCaMClIz1DDSTBRBPGKkEfUvR37jjihNpbgxg4SEHHUFjSlGxkpt9yCG5zDIvCPoB8NbDgNFuz2DlJL3P7KAbbfklb0x4Czxc1ICOapt9zPoSJxyIgxmSOuW7yUmzJAyFDMyLAapJgnCfdQlLUsF4kSH2fifIdy3SgfGUtkSBo7V3xMZ4loPeGQ7OTI9Pe2NxP+8VmriszCjIkkNEXiyKE4ZNBKOwoEdqgg2bGAJworaWyHuIYWwsREWbQj+9MuzpH5c9r2yf31SqlzkcRTALtgDh8AHp6ACrkAV1AAGD+AJvIBX59F5dt6c90nrnJPP7IA/cD6+AWOrml0=</latexit>



Client

x

f(x)
f : {0, 1}m ! {0, 1}n

<latexit sha1_base64="am/gpzV5DxbHZ0pWWBGrKT683Ok=">AAACD3icbVDLSsNAFJ34rPUVdelmsCgupCQiKK6KblxWsA9oYplMJ+3QeYSZiVJC/8CNv+LGhSJu3brzb5y2AbX1wIXDOfdy7z1Rwqg2nvflzM0vLC4tF1aKq2vrG5vu1nZdy1RhUsOSSdWMkCaMClIz1DDSTBRBPGKkEfUvR37jjihNpbgxg4SEHHUFjSlGxkpt9yCG5zDIvCPoB8NbDgNFuz2DlJL3P7KAbbfklb0x4Czxc1ICOapt9zPoSJxyIgxmSOuW7yUmzJAyFDMyLAapJgnCfdQlLUsF4kSH2fifIdy3SgfGUtkSBo7V3xMZ4loPeGQ7OTI9Pe2NxP+8VmriszCjIkkNEXiyKE4ZNBKOwoEdqgg2bGAJworaWyHuIYWwsREWbQj+9MuzpH5c9r2yf31SqlzkcRTALtgDh8AHp6ACrkAV1AAGD+AJvIBX59F5dt6c90nrnJPP7IA/cD6+AWOrml0=</latexit><latexit sha1_base64="am/gpzV5DxbHZ0pWWBGrKT683Ok=">AAACD3icbVDLSsNAFJ34rPUVdelmsCgupCQiKK6KblxWsA9oYplMJ+3QeYSZiVJC/8CNv+LGhSJu3brzb5y2AbX1wIXDOfdy7z1Rwqg2nvflzM0vLC4tF1aKq2vrG5vu1nZdy1RhUsOSSdWMkCaMClIz1DDSTBRBPGKkEfUvR37jjihNpbgxg4SEHHUFjSlGxkpt9yCG5zDIvCPoB8NbDgNFuz2DlJL3P7KAbbfklb0x4Czxc1ICOapt9zPoSJxyIgxmSOuW7yUmzJAyFDMyLAapJgnCfdQlLUsF4kSH2fifIdy3SgfGUtkSBo7V3xMZ4loPeGQ7OTI9Pe2NxP+8VmriszCjIkkNEXiyKE4ZNBKOwoEdqgg2bGAJworaWyHuIYWwsREWbQj+9MuzpH5c9r2yf31SqlzkcRTALtgDh8AHp6ACrkAV1AAGD+AJvIBX59F5dt6c90nrnJPP7IA/cD6+AWOrml0=</latexit><latexit sha1_base64="am/gpzV5DxbHZ0pWWBGrKT683Ok=">AAACD3icbVDLSsNAFJ34rPUVdelmsCgupCQiKK6KblxWsA9oYplMJ+3QeYSZiVJC/8CNv+LGhSJu3brzb5y2AbX1wIXDOfdy7z1Rwqg2nvflzM0vLC4tF1aKq2vrG5vu1nZdy1RhUsOSSdWMkCaMClIz1DDSTBRBPGKkEfUvR37jjihNpbgxg4SEHHUFjSlGxkpt9yCG5zDIvCPoB8NbDgNFuz2DlJL3P7KAbbfklb0x4Czxc1ICOapt9zPoSJxyIgxmSOuW7yUmzJAyFDMyLAapJgnCfdQlLUsF4kSH2fifIdy3SgfGUtkSBo7V3xMZ4loPeGQ7OTI9Pe2NxP+8VmriszCjIkkNEXiyKE4ZNBKOwoEdqgg2bGAJworaWyHuIYWwsREWbQj+9MuzpH5c9r2yf31SqlzkcRTALtgDh8AHp6ACrkAV1AAGD+AJvIBX59F5dt6c90nrnJPP7IA/cD6+AWOrml0=</latexit><latexit sha1_base64="am/gpzV5DxbHZ0pWWBGrKT683Ok=">AAACD3icbVDLSsNAFJ34rPUVdelmsCgupCQiKK6KblxWsA9oYplMJ+3QeYSZiVJC/8CNv+LGhSJu3brzb5y2AbX1wIXDOfdy7z1Rwqg2nvflzM0vLC4tF1aKq2vrG5vu1nZdy1RhUsOSSdWMkCaMClIz1DDSTBRBPGKkEfUvR37jjihNpbgxg4SEHHUFjSlGxkpt9yCG5zDIvCPoB8NbDgNFuz2DlJL3P7KAbbfklb0x4Czxc1ICOapt9zPoSJxyIgxmSOuW7yUmzJAyFDMyLAapJgnCfdQlLUsF4kSH2fifIdy3SgfGUtkSBo7V3xMZ4loPeGQ7OTI9Pe2NxP+8VmriszCjIkkNEXiyKE4ZNBKOwoEdqgg2bGAJworaWyHuIYWwsREWbQj+9MuzpH5c9r2yf31SqlzkcRTALtgDh8AHp6ACrkAV1AAGD+AJvIBX59F5dt6c90nrnJPP7IA/cD6+AWOrml0=</latexit>

Fully homomorphic encryption
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Fully homomorphic encryption
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Fully homomorphic encryption



Client

x

Server

y = Enc(x)

z
<latexit sha1_base64="HDzXchlsPlmuEyZZ/9zFJ+iVC6I=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae0oWy2k3btZhN2N0IN/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3H1FpHst7M0nQj+hQ8pAzaqzUeOqXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHpwX5935WLQWnHzmGP7A+fwB6UGM/g==</latexit><latexit sha1_base64="HDzXchlsPlmuEyZZ/9zFJ+iVC6I=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae0oWy2k3btZhN2N0IN/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3H1FpHst7M0nQj+hQ8pAzaqzUeOqXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHpwX5935WLQWnHzmGP7A+fwB6UGM/g==</latexit><latexit sha1_base64="HDzXchlsPlmuEyZZ/9zFJ+iVC6I=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae0oWy2k3btZhN2N0IN/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3H1FpHst7M0nQj+hQ8pAzaqzUeOqXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHpwX5935WLQWnHzmGP7A+fwB6UGM/g==</latexit><latexit sha1_base64="HDzXchlsPlmuEyZZ/9zFJ+iVC6I=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae0oWy2k3btZhN2N0IN/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3H1FpHst7M0nQj+hQ8pAzaqzUeOqXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHpwX5935WLQWnHzmGP7A+fwB6UGM/g==</latexit>

Fully homomorphic encryption



Client

x

Server

y = Enc(x)

z
<latexit sha1_base64="HDzXchlsPlmuEyZZ/9zFJ+iVC6I=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae0oWy2k3btZhN2N0IN/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3H1FpHst7M0nQj+hQ8pAzaqzUeOqXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHpwX5935WLQWnHzmGP7A+fwB6UGM/g==</latexit><latexit sha1_base64="HDzXchlsPlmuEyZZ/9zFJ+iVC6I=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae0oWy2k3btZhN2N0IN/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3H1FpHst7M0nQj+hQ8pAzaqzUeOqXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHpwX5935WLQWnHzmGP7A+fwB6UGM/g==</latexit><latexit sha1_base64="HDzXchlsPlmuEyZZ/9zFJ+iVC6I=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae0oWy2k3btZhN2N0IN/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3H1FpHst7M0nQj+hQ8pAzaqzUeOqXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHpwX5935WLQWnHzmGP7A+fwB6UGM/g==</latexit><latexit sha1_base64="HDzXchlsPlmuEyZZ/9zFJ+iVC6I=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae0oWy2k3btZhN2N0IN/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3H1FpHst7M0nQj+hQ8pAzaqzUeOqXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHpwX5935WLQWnHzmGP7A+fwB6UGM/g==</latexit>

f(x) = Dec(z)
<latexit sha1_base64="0jOYKMjsSV7dSQPwlo0xBBuhJ1Q=">AAAB9HicbVDLSgNBEOyNrxhfUY9eBoOQXMKuCHoRgnrwGME8IFnC7KQ3GTL7cGY2GEO+w4sHRbz6Md78GyfJHjSxoKGo6qa7y4sFV9q2v63Myura+kZ2M7e1vbO7l98/qKsokQxrLBKRbHpUoeAh1jTXApuxRBp4Ahve4HrqN4YoFY/Cez2K0Q1oL+Q+Z1QbyfWLjyVySW6QFZ9KnXzBLtszkGXipKQAKaqd/Fe7G7EkwFAzQZVqOXas3TGVmjOBk1w7URhTNqA9bBka0gCVO54dPSEnRukSP5KmQk1m6u+JMQ2UGgWe6Qyo7qtFbyr+57US7V+4Yx7GicaQzRf5iSA6ItMESJdLZFqMDKFMcnMrYX0qKdMmp5wJwVl8eZnUT8uOXXbuzgqVqzSOLBzBMRTBgXOowC1UoQYMHuAZXuHNGlov1rv1MW/NWOnMIfyB9fkDU2mQfw==</latexit><latexit sha1_base64="0jOYKMjsSV7dSQPwlo0xBBuhJ1Q=">AAAB9HicbVDLSgNBEOyNrxhfUY9eBoOQXMKuCHoRgnrwGME8IFnC7KQ3GTL7cGY2GEO+w4sHRbz6Md78GyfJHjSxoKGo6qa7y4sFV9q2v63Myura+kZ2M7e1vbO7l98/qKsokQxrLBKRbHpUoeAh1jTXApuxRBp4Ahve4HrqN4YoFY/Cez2K0Q1oL+Q+Z1QbyfWLjyVySW6QFZ9KnXzBLtszkGXipKQAKaqd/Fe7G7EkwFAzQZVqOXas3TGVmjOBk1w7URhTNqA9bBka0gCVO54dPSEnRukSP5KmQk1m6u+JMQ2UGgWe6Qyo7qtFbyr+57US7V+4Yx7GicaQzRf5iSA6ItMESJdLZFqMDKFMcnMrYX0qKdMmp5wJwVl8eZnUT8uOXXbuzgqVqzSOLBzBMRTBgXOowC1UoQYMHuAZXuHNGlov1rv1MW/NWOnMIfyB9fkDU2mQfw==</latexit><latexit sha1_base64="0jOYKMjsSV7dSQPwlo0xBBuhJ1Q=">AAAB9HicbVDLSgNBEOyNrxhfUY9eBoOQXMKuCHoRgnrwGME8IFnC7KQ3GTL7cGY2GEO+w4sHRbz6Md78GyfJHjSxoKGo6qa7y4sFV9q2v63Myura+kZ2M7e1vbO7l98/qKsokQxrLBKRbHpUoeAh1jTXApuxRBp4Ahve4HrqN4YoFY/Cez2K0Q1oL+Q+Z1QbyfWLjyVySW6QFZ9KnXzBLtszkGXipKQAKaqd/Fe7G7EkwFAzQZVqOXas3TGVmjOBk1w7URhTNqA9bBka0gCVO54dPSEnRukSP5KmQk1m6u+JMQ2UGgWe6Qyo7qtFbyr+57US7V+4Yx7GicaQzRf5iSA6ItMESJdLZFqMDKFMcnMrYX0qKdMmp5wJwVl8eZnUT8uOXXbuzgqVqzSOLBzBMRTBgXOowC1UoQYMHuAZXuHNGlov1rv1MW/NWOnMIfyB9fkDU2mQfw==</latexit><latexit sha1_base64="0jOYKMjsSV7dSQPwlo0xBBuhJ1Q=">AAAB9HicbVDLSgNBEOyNrxhfUY9eBoOQXMKuCHoRgnrwGME8IFnC7KQ3GTL7cGY2GEO+w4sHRbz6Md78GyfJHjSxoKGo6qa7y4sFV9q2v63Myura+kZ2M7e1vbO7l98/qKsokQxrLBKRbHpUoeAh1jTXApuxRBp4Ahve4HrqN4YoFY/Cez2K0Q1oL+Q+Z1QbyfWLjyVySW6QFZ9KnXzBLtszkGXipKQAKaqd/Fe7G7EkwFAzQZVqOXas3TGVmjOBk1w7URhTNqA9bBka0gCVO54dPSEnRukSP5KmQk1m6u+JMQ2UGgWe6Qyo7qtFbyr+57US7V+4Yx7GicaQzRf5iSA6ItMESJdLZFqMDKFMcnMrYX0qKdMmp5wJwVl8eZnUT8uOXXbuzgqVqzSOLBzBMRTBgXOowC1UoQYMHuAZXuHNGlov1rv1MW/NWOnMIfyB9fkDU2mQfw==</latexit>

Fully homomorphic encryption

Enc,Dec
<latexit sha1_base64="rJTyrGlILvraE1HkS+zA2qnBcU0=">AAAB73icbVDLSgNBEOz1GeMr6tHLYBA8SNgVQY/BB3iMYB6QLGF20psMmZ1dZ2aFsOQnvHhQxKu/482/cZLsQRMLGoqqbrq7gkRwbVz321laXlldWy9sFDe3tnd2S3v7DR2nimGdxSJWrYBqFFxi3XAjsJUopFEgsBkMryd+8wmV5rF8MKME/Yj2JQ85o8ZKrVvJTskNsm6p7FbcKcgi8XJShhy1bumr04tZGqE0TFCt256bGD+jynAmcFzspBoTyoa0j21LJY1Q+9n03jE5tkqPhLGyJQ2Zqr8nMhppPYoC2xlRM9Dz3kT8z2unJrz0My6T1KBks0VhKoiJyeR50uMKmREjSyhT3N5K2IAqyoyNqGhD8OZfXiSNs4rnVrz783L1Ko+jAIdwBCfgwQVU4Q5qUAcGAp7hFd6cR+fFeXc+Zq1LTj5zAH/gfP4A6haPOA==</latexit><latexit sha1_base64="rJTyrGlILvraE1HkS+zA2qnBcU0=">AAAB73icbVDLSgNBEOz1GeMr6tHLYBA8SNgVQY/BB3iMYB6QLGF20psMmZ1dZ2aFsOQnvHhQxKu/482/cZLsQRMLGoqqbrq7gkRwbVz321laXlldWy9sFDe3tnd2S3v7DR2nimGdxSJWrYBqFFxi3XAjsJUopFEgsBkMryd+8wmV5rF8MKME/Yj2JQ85o8ZKrVvJTskNsm6p7FbcKcgi8XJShhy1bumr04tZGqE0TFCt256bGD+jynAmcFzspBoTyoa0j21LJY1Q+9n03jE5tkqPhLGyJQ2Zqr8nMhppPYoC2xlRM9Dz3kT8z2unJrz0My6T1KBks0VhKoiJyeR50uMKmREjSyhT3N5K2IAqyoyNqGhD8OZfXiSNs4rnVrz783L1Ko+jAIdwBCfgwQVU4Q5qUAcGAp7hFd6cR+fFeXc+Zq1LTj5zAH/gfP4A6haPOA==</latexit><latexit sha1_base64="rJTyrGlILvraE1HkS+zA2qnBcU0=">AAAB73icbVDLSgNBEOz1GeMr6tHLYBA8SNgVQY/BB3iMYB6QLGF20psMmZ1dZ2aFsOQnvHhQxKu/482/cZLsQRMLGoqqbrq7gkRwbVz321laXlldWy9sFDe3tnd2S3v7DR2nimGdxSJWrYBqFFxi3XAjsJUopFEgsBkMryd+8wmV5rF8MKME/Yj2JQ85o8ZKrVvJTskNsm6p7FbcKcgi8XJShhy1bumr04tZGqE0TFCt256bGD+jynAmcFzspBoTyoa0j21LJY1Q+9n03jE5tkqPhLGyJQ2Zqr8nMhppPYoC2xlRM9Dz3kT8z2unJrz0My6T1KBks0VhKoiJyeR50uMKmREjSyhT3N5K2IAqyoyNqGhD8OZfXiSNs4rnVrz783L1Ko+jAIdwBCfgwQVU4Q5qUAcGAp7hFd6cR+fFeXc+Zq1LTj5zAH/gfP4A6haPOA==</latexit><latexit sha1_base64="rJTyrGlILvraE1HkS+zA2qnBcU0=">AAAB73icbVDLSgNBEOz1GeMr6tHLYBA8SNgVQY/BB3iMYB6QLGF20psMmZ1dZ2aFsOQnvHhQxKu/482/cZLsQRMLGoqqbrq7gkRwbVz321laXlldWy9sFDe3tnd2S3v7DR2nimGdxSJWrYBqFFxi3XAjsJUopFEgsBkMryd+8wmV5rF8MKME/Yj2JQ85o8ZKrVvJTskNsm6p7FbcKcgi8XJShhy1bumr04tZGqE0TFCt256bGD+jynAmcFzspBoTyoa0j21LJY1Q+9n03jE5tkqPhLGyJQ2Zqr8nMhppPYoC2xlRM9Dz3kT8z2unJrz0My6T1KBks0VhKoiJyeR50uMKmREjSyhT3N5K2IAqyoyNqGhD8OZfXiSNs4rnVrz783L1Ko+jAIdwBCfgwQVU4Q5qUAcGAp7hFd6cR+fFeXc+Zq1LTj5zAH/gfP4A6haPOA==</latexit>

should be efficient for the client

Can be done with LWE!

Enc,Dec
<latexit sha1_base64="rJTyrGlILvraE1HkS+zA2qnBcU0=">AAAB73icbVDLSgNBEOz1GeMr6tHLYBA8SNgVQY/BB3iMYB6QLGF20psMmZ1dZ2aFsOQnvHhQxKu/482/cZLsQRMLGoqqbrq7gkRwbVz321laXlldWy9sFDe3tnd2S3v7DR2nimGdxSJWrYBqFFxi3XAjsJUopFEgsBkMryd+8wmV5rF8MKME/Yj2JQ85o8ZKrVvJTskNsm6p7FbcKcgi8XJShhy1bumr04tZGqE0TFCt256bGD+jynAmcFzspBoTyoa0j21LJY1Q+9n03jE5tkqPhLGyJQ2Zqr8nMhppPYoC2xlRM9Dz3kT8z2unJrz0My6T1KBks0VhKoiJyeR50uMKmREjSyhT3N5K2IAqyoyNqGhD8OZfXiSNs4rnVrz783L1Ko+jAIdwBCfgwQVU4Q5qUAcGAp7hFd6cR+fFeXc+Zq1LTj5zAH/gfP4A6haPOA==</latexit><latexit sha1_base64="rJTyrGlILvraE1HkS+zA2qnBcU0=">AAAB73icbVDLSgNBEOz1GeMr6tHLYBA8SNgVQY/BB3iMYB6QLGF20psMmZ1dZ2aFsOQnvHhQxKu/482/cZLsQRMLGoqqbrq7gkRwbVz321laXlldWy9sFDe3tnd2S3v7DR2nimGdxSJWrYBqFFxi3XAjsJUopFEgsBkMryd+8wmV5rF8MKME/Yj2JQ85o8ZKrVvJTskNsm6p7FbcKcgi8XJShhy1bumr04tZGqE0TFCt256bGD+jynAmcFzspBoTyoa0j21LJY1Q+9n03jE5tkqPhLGyJQ2Zqr8nMhppPYoC2xlRM9Dz3kT8z2unJrz0My6T1KBks0VhKoiJyeR50uMKmREjSyhT3N5K2IAqyoyNqGhD8OZfXiSNs4rnVrz783L1Ko+jAIdwBCfgwQVU4Q5qUAcGAp7hFd6cR+fFeXc+Zq1LTj5zAH/gfP4A6haPOA==</latexit><latexit sha1_base64="rJTyrGlILvraE1HkS+zA2qnBcU0=">AAAB73icbVDLSgNBEOz1GeMr6tHLYBA8SNgVQY/BB3iMYB6QLGF20psMmZ1dZ2aFsOQnvHhQxKu/482/cZLsQRMLGoqqbrq7gkRwbVz321laXlldWy9sFDe3tnd2S3v7DR2nimGdxSJWrYBqFFxi3XAjsJUopFEgsBkMryd+8wmV5rF8MKME/Yj2JQ85o8ZKrVvJTskNsm6p7FbcKcgi8XJShhy1bumr04tZGqE0TFCt256bGD+jynAmcFzspBoTyoa0j21LJY1Q+9n03jE5tkqPhLGyJQ2Zqr8nMhppPYoC2xlRM9Dz3kT8z2unJrz0My6T1KBks0VhKoiJyeR50uMKmREjSyhT3N5K2IAqyoyNqGhD8OZfXiSNs4rnVrz783L1Ko+jAIdwBCfgwQVU4Q5qUAcGAp7hFd6cR+fFeXc+Zq1LTj5zAH/gfP4A6haPOA==</latexit><latexit sha1_base64="rJTyrGlILvraE1HkS+zA2qnBcU0=">AAAB73icbVDLSgNBEOz1GeMr6tHLYBA8SNgVQY/BB3iMYB6QLGF20psMmZ1dZ2aFsOQnvHhQxKu/482/cZLsQRMLGoqqbrq7gkRwbVz321laXlldWy9sFDe3tnd2S3v7DR2nimGdxSJWrYBqFFxi3XAjsJUopFEgsBkMryd+8wmV5rF8MKME/Yj2JQ85o8ZKrVvJTskNsm6p7FbcKcgi8XJShhy1bumr04tZGqE0TFCt256bGD+jynAmcFzspBoTyoa0j21LJY1Q+9n03jE5tkqPhLGyJQ2Zqr8nMhppPYoC2xlRM9Dz3kT8z2unJrz0My6T1KBks0VhKoiJyeR50uMKmREjSyhT3N5K2IAqyoyNqGhD8OZfXiSNs4rnVrz783L1Ko+jAIdwBCfgwQVU4Q5qUAcGAp7hFd6cR+fFeXc+Zq1LTj5zAH/gfP4A6haPOA==</latexit>

Efficiency of independent of efficiency of f



Check out
https://github.com/shaih/HElib 

https://github.com/shaih/HElib


References and resources

Semantic security
https://en.wikipedia.org/wiki/Semantic_security  

https://lucatrevisan.wordpress.com/2009/01/22/cs276-lecture-2-
semantic-security/ 

Crypto references
http://theory.stanford.edu/~trevisan/books/crypto.pdf 

https://www.amazon.com/Introduction-Modern-Cryptography-
Principles-Protocols/dp/1584885513  

https://crypto.stanford.edu/~dabo/cryptobook/  

Scott Aaronson’s survey on P vs NP
https://www.scottaaronson.com/papers/pnp.pdf 

https://en.wikipedia.org/wiki/Semantic_security
https://lucatrevisan.wordpress.com/2009/01/22/cs276-lecture-2-semantic-security/
https://lucatrevisan.wordpress.com/2009/01/22/cs276-lecture-2-semantic-security/
http://theory.stanford.edu/~trevisan/books/crypto.pdf
https://www.amazon.com/Introduction-Modern-Cryptography-Principles-Protocols/dp/1584885513
https://www.amazon.com/Introduction-Modern-Cryptography-Principles-Protocols/dp/1584885513
https://crypto.stanford.edu/~dabo/cryptobook/
https://www.scottaaronson.com/papers/pnp.pdf


References and resources

Lattice problems and LWE
https://www.youtube.com/watch?v=FVFw_qb1ZkY 
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