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Recap

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>

Post-quantum crypto

Using problems that are hard for QC

Lattice problems and LWE

NP

BQP P

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>

NP-hard



Recap

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>

Post-quantum crypto

Using problems that are hard for QC

Lattice problems and LWE

NP

BQP P

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>

NP-hard

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>



The post-quantum problem

“Even if a classical protocol is proven secure based 
on the hardness of some problem, and that problem 

is hard even for quantum computers, we have no 
guarantee that the protocol is secure against 

quantum computers” - Dominique Unruh

Why?

How is this reduction performed?

average case LWE  crypto
<latexit sha1_base64="v9MaMmHGyFYq+gJeDBIsgI73Xbc=">AAACE3icbVC7SgNBFJ2Nrxhfq5Y2g0EQi7ArgpZBESwsIpgHJEuYndxNhsw+nLkrhiX/YOOv2FgoYmtj5984eRSaeGHgcM659849fiKFRsf5tnILi0vLK/nVwtr6xuaWvb1T03GqOFR5LGPV8JkGKSKookAJjUQBC30Jdb9/MdLr96C0iKNbHCTghawbiUBwhoZq20cthAfMmPGwLlBuRtHr+uWQtiTc0YnI1SDBeNi2i07JGRedB+4UFMm0Km37q9WJeRpChFwyrZuuk6CXMYWCSxgWWqmGhPG+Wdw0MGIhaC8b3zSkB4bp0CBW5kVIx+zvjoyFWg9C3zhDhj09q43I/7RmisGZl4koSREiPlkUpJJiTEcB0Y5QwFEODGBcCfNXyntMMY4mxoIJwZ09eR7UjkuuU3JvTorl82kcebJH9skhcckpKZMrUiFVwskjeSav5M16sl6sd+tjYs1Z055d8qeszx+fB56f</latexit><latexit sha1_base64="v9MaMmHGyFYq+gJeDBIsgI73Xbc=">AAACE3icbVC7SgNBFJ2Nrxhfq5Y2g0EQi7ArgpZBESwsIpgHJEuYndxNhsw+nLkrhiX/YOOv2FgoYmtj5984eRSaeGHgcM659849fiKFRsf5tnILi0vLK/nVwtr6xuaWvb1T03GqOFR5LGPV8JkGKSKookAJjUQBC30Jdb9/MdLr96C0iKNbHCTghawbiUBwhoZq20cthAfMmPGwLlBuRtHr+uWQtiTc0YnI1SDBeNi2i07JGRedB+4UFMm0Km37q9WJeRpChFwyrZuuk6CXMYWCSxgWWqmGhPG+Wdw0MGIhaC8b3zSkB4bp0CBW5kVIx+zvjoyFWg9C3zhDhj09q43I/7RmisGZl4koSREiPlkUpJJiTEcB0Y5QwFEODGBcCfNXyntMMY4mxoIJwZ09eR7UjkuuU3JvTorl82kcebJH9skhcckpKZMrUiFVwskjeSav5M16sl6sd+tjYs1Z055d8qeszx+fB56f</latexit><latexit sha1_base64="v9MaMmHGyFYq+gJeDBIsgI73Xbc=">AAACE3icbVC7SgNBFJ2Nrxhfq5Y2g0EQi7ArgpZBESwsIpgHJEuYndxNhsw+nLkrhiX/YOOv2FgoYmtj5984eRSaeGHgcM659849fiKFRsf5tnILi0vLK/nVwtr6xuaWvb1T03GqOFR5LGPV8JkGKSKookAJjUQBC30Jdb9/MdLr96C0iKNbHCTghawbiUBwhoZq20cthAfMmPGwLlBuRtHr+uWQtiTc0YnI1SDBeNi2i07JGRedB+4UFMm0Km37q9WJeRpChFwyrZuuk6CXMYWCSxgWWqmGhPG+Wdw0MGIhaC8b3zSkB4bp0CBW5kVIx+zvjoyFWg9C3zhDhj09q43I/7RmisGZl4koSREiPlkUpJJiTEcB0Y5QwFEODGBcCfNXyntMMY4mxoIJwZ09eR7UjkuuU3JvTorl82kcebJH9skhcckpKZMrUiFVwskjeSav5M16sl6sd+tjYs1Z055d8qeszx+fB56f</latexit><latexit sha1_base64="v9MaMmHGyFYq+gJeDBIsgI73Xbc=">AAACE3icbVC7SgNBFJ2Nrxhfq5Y2g0EQi7ArgpZBESwsIpgHJEuYndxNhsw+nLkrhiX/YOOv2FgoYmtj5984eRSaeGHgcM659849fiKFRsf5tnILi0vLK/nVwtr6xuaWvb1T03GqOFR5LGPV8JkGKSKookAJjUQBC30Jdb9/MdLr96C0iKNbHCTghawbiUBwhoZq20cthAfMmPGwLlBuRtHr+uWQtiTc0YnI1SDBeNi2i07JGRedB+4UFMm0Km37q9WJeRpChFwyrZuuk6CXMYWCSxgWWqmGhPG+Wdw0MGIhaC8b3zSkB4bp0CBW5kVIx+zvjoyFWg9C3zhDhj09q43I/7RmisGZl4koSREiPlkUpJJiTEcB0Y5QwFEODGBcCfNXyntMMY4mxoIJwZ09eR7UjkuuU3JvTorl82kcebJH9skhcckpKZMrUiFVwskjeSav5M16sl6sd+tjYs1Z055d8qeszx+fB56f</latexit>

The reduction might not hold against quantum adversaries



Hard problem to crypto reduction

Typically, in security proofs, one shows the following

If adversary A can break security of protocol P, then 
one can construct an algorithm B that solves X

problem X  protocol P
<latexit sha1_base64="KRpfe7Hvt5kwCAhZVw/BAAQvDMQ=">AAACEHicbVC7SgNBFJ31GeMramkzGESrsCuClkEbywjmAdkQZid3kyGzO+vMXTEs+QQbf8XGQhFbSzv/xskD0cQDA4dz7uHOPUEihUHX/XIWFpeWV1Zza/n1jc2t7cLObs2oVHOociWVbgTMgBQxVFGghEaigUWBhHrQvxz59TvQRqj4BgcJtCLWjUUoOEMrtQtHPsI9ZolWNhHRxpD6Em7pj4rK7qCVYbtQdEvuGHSeeFNSJFNU2oVPv6N4GkGMXDJjmp6bYCtjGgWXMMz7qYGE8T7rQtPSmEVgWtn4oCE9tEqHhkrbFyMdq78TGYuMGUSBnYwY9sysNxL/85ophuetTMRJihDzyaIwlRQVHbVDO0IDRzmwhHEt7F8p7zHNONoO87YEb/bkeVI7KXluybs+LZYvpnXkyD45IMfEI2ekTK5IhVQJJw/kibyQV+fReXbenPfJ6IIzzeyRP3A+vgGYop2M</latexit><latexit sha1_base64="KRpfe7Hvt5kwCAhZVw/BAAQvDMQ=">AAACEHicbVC7SgNBFJ31GeMramkzGESrsCuClkEbywjmAdkQZid3kyGzO+vMXTEs+QQbf8XGQhFbSzv/xskD0cQDA4dz7uHOPUEihUHX/XIWFpeWV1Zza/n1jc2t7cLObs2oVHOociWVbgTMgBQxVFGghEaigUWBhHrQvxz59TvQRqj4BgcJtCLWjUUoOEMrtQtHPsI9ZolWNhHRxpD6Em7pj4rK7qCVYbtQdEvuGHSeeFNSJFNU2oVPv6N4GkGMXDJjmp6bYCtjGgWXMMz7qYGE8T7rQtPSmEVgWtn4oCE9tEqHhkrbFyMdq78TGYuMGUSBnYwY9sysNxL/85ophuetTMRJihDzyaIwlRQVHbVDO0IDRzmwhHEt7F8p7zHNONoO87YEb/bkeVI7KXluybs+LZYvpnXkyD45IMfEI2ekTK5IhVQJJw/kibyQV+fReXbenPfJ6IIzzeyRP3A+vgGYop2M</latexit><latexit sha1_base64="KRpfe7Hvt5kwCAhZVw/BAAQvDMQ=">AAACEHicbVC7SgNBFJ31GeMramkzGESrsCuClkEbywjmAdkQZid3kyGzO+vMXTEs+QQbf8XGQhFbSzv/xskD0cQDA4dz7uHOPUEihUHX/XIWFpeWV1Zza/n1jc2t7cLObs2oVHOociWVbgTMgBQxVFGghEaigUWBhHrQvxz59TvQRqj4BgcJtCLWjUUoOEMrtQtHPsI9ZolWNhHRxpD6Em7pj4rK7qCVYbtQdEvuGHSeeFNSJFNU2oVPv6N4GkGMXDJjmp6bYCtjGgWXMMz7qYGE8T7rQtPSmEVgWtn4oCE9tEqHhkrbFyMdq78TGYuMGUSBnYwY9sysNxL/85ophuetTMRJihDzyaIwlRQVHbVDO0IDRzmwhHEt7F8p7zHNONoO87YEb/bkeVI7KXluybs+LZYvpnXkyD45IMfEI2ekTK5IhVQJJw/kibyQV+fReXbenPfJ6IIzzeyRP3A+vgGYop2M</latexit><latexit sha1_base64="KRpfe7Hvt5kwCAhZVw/BAAQvDMQ=">AAACEHicbVC7SgNBFJ31GeMramkzGESrsCuClkEbywjmAdkQZid3kyGzO+vMXTEs+QQbf8XGQhFbSzv/xskD0cQDA4dz7uHOPUEihUHX/XIWFpeWV1Zza/n1jc2t7cLObs2oVHOociWVbgTMgBQxVFGghEaigUWBhHrQvxz59TvQRqj4BgcJtCLWjUUoOEMrtQtHPsI9ZolWNhHRxpD6Em7pj4rK7qCVYbtQdEvuGHSeeFNSJFNU2oVPv6N4GkGMXDJjmp6bYCtjGgWXMMz7qYGE8T7rQtPSmEVgWtn4oCE9tEqHhkrbFyMdq78TGYuMGUSBnYwY9sysNxL/85ophuetTMRJihDzyaIwlRQVHbVDO0IDRzmwhHEt7F8p7zHNONoO87YEb/bkeVI7KXluybs+LZYvpnXkyD45IMfEI2ekTK5IhVQJJw/kibyQV+fReXbenPfJ6IIzzeyRP3A+vgGYop2M</latexit>

B can use A as a subroutine

B also has access to A’s memory

Rewinding proof



Hard problem to crypto reduction

Rewinding proof

B runs A and copies the content of its memory

B then rewinds A to a previous point in the computation

B changes A’s input/memory at that point and runs it again

This does not work if A is a quantum algorithm!

Quantum information cannot be copied, in general!



The post-quantum problem

“Even if a classical protocol is proven secure based 
on the hardness of some problem, and that problem 

is hard even for quantum computers, we have no 
guarantee that the protocol is secure against 

quantum computers” - Dominique Unruh

What can we do?

Better proofs
(this is the case for most  
LWE-based applications)

Quantum cryptography



Learning

Prior state, uncertainty

Information updating, 
learning

Posterior state,  
reduced uncertainty



Learning

Bayesian inference

Pr(A|B) =
Pr(B|A)Pr(A)

Pr(B)
<latexit sha1_base64="btzvhu72iWR0fMNC1Bh8xXuWjpc=">AAACDXicbVC7TsMwFHV4lvIKMLJYFKRmqRKEBAtSWxbGItGH1EaV4zqtVceJbAepSvsDLPwKCwMIsbKz8Tc4aQZoOZKlc8+5V9f3eBGjUtn2t7Gyura+sVnYKm7v7O7tmweHLRnGApMmDlkoOh6ShFFOmooqRjqRICjwGGl745vUbz8QIWnI79UkIm6Ahpz6FCOlpb552hDl2rRuwWvY8wXCia7r05qVytYsq6xZ3yzZFTsDXCZOTkogR6NvfvUGIY4DwhVmSMquY0fKTZBQFDMyK/ZiSSKEx2hIuppyFBDpJtk1M3imlQH0Q6EfVzBTf08kKJByEni6M0BqJBe9VPzP68bKv3ITyqNYEY7ni/yYQRXCNBo4oIJgxSaaICyo/ivEI6RDUTrAog7BWTx5mbTOK45dce4uStV6HkcBHIMTUAYOuARVcAsaoAkweATP4BW8GU/Gi/FufMxbV4x85gj8gfH5A3SLmUU=</latexit><latexit sha1_base64="btzvhu72iWR0fMNC1Bh8xXuWjpc=">AAACDXicbVC7TsMwFHV4lvIKMLJYFKRmqRKEBAtSWxbGItGH1EaV4zqtVceJbAepSvsDLPwKCwMIsbKz8Tc4aQZoOZKlc8+5V9f3eBGjUtn2t7Gyura+sVnYKm7v7O7tmweHLRnGApMmDlkoOh6ShFFOmooqRjqRICjwGGl745vUbz8QIWnI79UkIm6Ahpz6FCOlpb552hDl2rRuwWvY8wXCia7r05qVytYsq6xZ3yzZFTsDXCZOTkogR6NvfvUGIY4DwhVmSMquY0fKTZBQFDMyK/ZiSSKEx2hIuppyFBDpJtk1M3imlQH0Q6EfVzBTf08kKJByEni6M0BqJBe9VPzP68bKv3ITyqNYEY7ni/yYQRXCNBo4oIJgxSaaICyo/ivEI6RDUTrAog7BWTx5mbTOK45dce4uStV6HkcBHIMTUAYOuARVcAsaoAkweATP4BW8GU/Gi/FufMxbV4x85gj8gfH5A3SLmUU=</latexit><latexit sha1_base64="btzvhu72iWR0fMNC1Bh8xXuWjpc=">AAACDXicbVC7TsMwFHV4lvIKMLJYFKRmqRKEBAtSWxbGItGH1EaV4zqtVceJbAepSvsDLPwKCwMIsbKz8Tc4aQZoOZKlc8+5V9f3eBGjUtn2t7Gyura+sVnYKm7v7O7tmweHLRnGApMmDlkoOh6ShFFOmooqRjqRICjwGGl745vUbz8QIWnI79UkIm6Ahpz6FCOlpb552hDl2rRuwWvY8wXCia7r05qVytYsq6xZ3yzZFTsDXCZOTkogR6NvfvUGIY4DwhVmSMquY0fKTZBQFDMyK/ZiSSKEx2hIuppyFBDpJtk1M3imlQH0Q6EfVzBTf08kKJByEni6M0BqJBe9VPzP68bKv3ITyqNYEY7ni/yYQRXCNBo4oIJgxSaaICyo/ivEI6RDUTrAog7BWTx5mbTOK45dce4uStV6HkcBHIMTUAYOuARVcAsaoAkweATP4BW8GU/Gi/FufMxbV4x85gj8gfH5A3SLmUU=</latexit><latexit sha1_base64="btzvhu72iWR0fMNC1Bh8xXuWjpc=">AAACDXicbVC7TsMwFHV4lvIKMLJYFKRmqRKEBAtSWxbGItGH1EaV4zqtVceJbAepSvsDLPwKCwMIsbKz8Tc4aQZoOZKlc8+5V9f3eBGjUtn2t7Gyura+sVnYKm7v7O7tmweHLRnGApMmDlkoOh6ShFFOmooqRjqRICjwGGl745vUbz8QIWnI79UkIm6Ahpz6FCOlpb552hDl2rRuwWvY8wXCia7r05qVytYsq6xZ3yzZFTsDXCZOTkogR6NvfvUGIY4DwhVmSMquY0fKTZBQFDMyK/ZiSSKEx2hIuppyFBDpJtk1M3imlQH0Q6EfVzBTf08kKJByEni6M0BqJBe9VPzP68bKv3ITyqNYEY7ni/yYQRXCNBo4oIJgxSaaICyo/ivEI6RDUTrAog7BWTx5mbTOK45dce4uStV6HkcBHIMTUAYOuARVcAsaoAkweATP4BW8GU/Gi/FufMxbV4x85gj8gfH5A3SLmUU=</latexit>

Given some data, find best hypothesis that fits the data

Pr(hypothesis|data) = Pr(data|hypothesis)Pr(hypothesis)

Pr(data)
<latexit sha1_base64="fMxiukrJUc2xgSNF7f+vHXSgIVU=">AAACMXicbVDLSgMxFM34rPU16tJNsAjtpsyIoBuh6KbLCvYB7VAyaaYNzTxI7gjDtL/kxj8RN10o4tafMG1HtK0HAodzzuXmHjcSXIFlTYy19Y3Nre3cTn53b//g0Dw6bqgwlpTVaShC2XKJYoIHrA4cBGtFkhHfFazpDu+mfvORScXD4AGSiDk+6Qfc45SAlrpmtSaLgyQKYcAUV6MeAVLCN7jjSUJT7U2F0W+gtBAvjX8ipXHXLFhlawa8SuyMFFCGWtd86fRCGvssACqIUm3bisBJiQROBRvnO7FiEaFD0mdtTQPiM+Wks4vH+FwrPeyFUr8A8Ez9O5ESX6nEd3XSJzBQy95U/M9rx+BdOykPohhYQOeLvFhgCPG0PtzjklEQiSaESq7/iumA6LJAl5zXJdjLJ6+SxkXZtsr2/WWhcpvVkUOn6AwVkY2uUAVVUQ3VEUVP6BW9oXfj2ZgYH8bnPLpmZDMnaAHG1zdT+Kri</latexit><latexit sha1_base64="fMxiukrJUc2xgSNF7f+vHXSgIVU=">AAACMXicbVDLSgMxFM34rPU16tJNsAjtpsyIoBuh6KbLCvYB7VAyaaYNzTxI7gjDtL/kxj8RN10o4tafMG1HtK0HAodzzuXmHjcSXIFlTYy19Y3Nre3cTn53b//g0Dw6bqgwlpTVaShC2XKJYoIHrA4cBGtFkhHfFazpDu+mfvORScXD4AGSiDk+6Qfc45SAlrpmtSaLgyQKYcAUV6MeAVLCN7jjSUJT7U2F0W+gtBAvjX8ipXHXLFhlawa8SuyMFFCGWtd86fRCGvssACqIUm3bisBJiQROBRvnO7FiEaFD0mdtTQPiM+Wks4vH+FwrPeyFUr8A8Ez9O5ESX6nEd3XSJzBQy95U/M9rx+BdOykPohhYQOeLvFhgCPG0PtzjklEQiSaESq7/iumA6LJAl5zXJdjLJ6+SxkXZtsr2/WWhcpvVkUOn6AwVkY2uUAVVUQ3VEUVP6BW9oXfj2ZgYH8bnPLpmZDMnaAHG1zdT+Kri</latexit><latexit sha1_base64="fMxiukrJUc2xgSNF7f+vHXSgIVU=">AAACMXicbVDLSgMxFM34rPU16tJNsAjtpsyIoBuh6KbLCvYB7VAyaaYNzTxI7gjDtL/kxj8RN10o4tafMG1HtK0HAodzzuXmHjcSXIFlTYy19Y3Nre3cTn53b//g0Dw6bqgwlpTVaShC2XKJYoIHrA4cBGtFkhHfFazpDu+mfvORScXD4AGSiDk+6Qfc45SAlrpmtSaLgyQKYcAUV6MeAVLCN7jjSUJT7U2F0W+gtBAvjX8ipXHXLFhlawa8SuyMFFCGWtd86fRCGvssACqIUm3bisBJiQROBRvnO7FiEaFD0mdtTQPiM+Wks4vH+FwrPeyFUr8A8Ez9O5ESX6nEd3XSJzBQy95U/M9rx+BdOykPohhYQOeLvFhgCPG0PtzjklEQiSaESq7/iumA6LJAl5zXJdjLJ6+SxkXZtsr2/WWhcpvVkUOn6AwVkY2uUAVVUQ3VEUVP6BW9oXfj2ZgYH8bnPLpmZDMnaAHG1zdT+Kri</latexit><latexit sha1_base64="fMxiukrJUc2xgSNF7f+vHXSgIVU=">AAACMXicbVDLSgMxFM34rPU16tJNsAjtpsyIoBuh6KbLCvYB7VAyaaYNzTxI7gjDtL/kxj8RN10o4tafMG1HtK0HAodzzuXmHjcSXIFlTYy19Y3Nre3cTn53b//g0Dw6bqgwlpTVaShC2XKJYoIHrA4cBGtFkhHfFazpDu+mfvORScXD4AGSiDk+6Qfc45SAlrpmtSaLgyQKYcAUV6MeAVLCN7jjSUJT7U2F0W+gtBAvjX8ipXHXLFhlawa8SuyMFFCGWtd86fRCGvssACqIUm3bisBJiQROBRvnO7FiEaFD0mdtTQPiM+Wks4vH+FwrPeyFUr8A8Ez9O5ESX6nEd3XSJzBQy95U/M9rx+BdOykPohhYQOeLvFhgCPG0PtzjklEQiSaESq7/iumA6LJAl5zXJdjLJ6+SxkXZtsr2/WWhcpvVkUOn6AwVkY2uUAVVUQ3VEUVP6BW9oXfj2ZgYH8bnPLpmZDMnaAHG1zdT+Kri</latexit>

Pr(hypothesis|data) ⇡ Pr(data|hypothesis)Pr(hypothesis)
<latexit sha1_base64="OlfQof/h5WknLxEfO6ePVNY+RXs=">AAACJnicbVDLSgMxFM34rPVVdekmWIR2U2ZE0I0gunFZwT6gLeVOmrbBzCQkd8RS+zVu/BU3Lioi7vwU0wdoWw8EDuecy809oZbCou9/eUvLK6tr66mN9ObW9s5uZm+/bFViGC8xJZWphmC5FDEvoUDJq9pwiELJK+H99civPHBjhYrvsKd5I4JOLNqCATqpmbkomly3pxV2uRX2qQUIeVoHrY16pM4bCU+/gfxMPN/MZP2CPwZdJMGUZMkUxWZmWG8plkQ8RibB2lrga2z0waBgkg/S9cRyDeweOrzmaAwRt43++MwBPXZKi7aVcS9GOlb/TvQhsrYXhS4ZAXbtvDcS//NqCbbPG30R6wR5zCaL2omkqOioM9oShjOUPUeAGeH+SlkXDDB0zaZdCcH8yYukfFII/EJwe5q9vJrWkSKH5IjkSEDOyCW5IUVSIow8k1cyJO/ei/fmfXifk+iSN505IDPwvn8A0/OmmA==</latexit><latexit sha1_base64="OlfQof/h5WknLxEfO6ePVNY+RXs=">AAACJnicbVDLSgMxFM34rPVVdekmWIR2U2ZE0I0gunFZwT6gLeVOmrbBzCQkd8RS+zVu/BU3Lioi7vwU0wdoWw8EDuecy809oZbCou9/eUvLK6tr66mN9ObW9s5uZm+/bFViGC8xJZWphmC5FDEvoUDJq9pwiELJK+H99civPHBjhYrvsKd5I4JOLNqCATqpmbkomly3pxV2uRX2qQUIeVoHrY16pM4bCU+/gfxMPN/MZP2CPwZdJMGUZMkUxWZmWG8plkQ8RibB2lrga2z0waBgkg/S9cRyDeweOrzmaAwRt43++MwBPXZKi7aVcS9GOlb/TvQhsrYXhS4ZAXbtvDcS//NqCbbPG30R6wR5zCaL2omkqOioM9oShjOUPUeAGeH+SlkXDDB0zaZdCcH8yYukfFII/EJwe5q9vJrWkSKH5IjkSEDOyCW5IUVSIow8k1cyJO/ei/fmfXifk+iSN505IDPwvn8A0/OmmA==</latexit><latexit sha1_base64="OlfQof/h5WknLxEfO6ePVNY+RXs=">AAACJnicbVDLSgMxFM34rPVVdekmWIR2U2ZE0I0gunFZwT6gLeVOmrbBzCQkd8RS+zVu/BU3Lioi7vwU0wdoWw8EDuecy809oZbCou9/eUvLK6tr66mN9ObW9s5uZm+/bFViGC8xJZWphmC5FDEvoUDJq9pwiELJK+H99civPHBjhYrvsKd5I4JOLNqCATqpmbkomly3pxV2uRX2qQUIeVoHrY16pM4bCU+/gfxMPN/MZP2CPwZdJMGUZMkUxWZmWG8plkQ8RibB2lrga2z0waBgkg/S9cRyDeweOrzmaAwRt43++MwBPXZKi7aVcS9GOlb/TvQhsrYXhS4ZAXbtvDcS//NqCbbPG30R6wR5zCaL2omkqOioM9oShjOUPUeAGeH+SlkXDDB0zaZdCcH8yYukfFII/EJwe5q9vJrWkSKH5IjkSEDOyCW5IUVSIow8k1cyJO/ei/fmfXifk+iSN505IDPwvn8A0/OmmA==</latexit><latexit sha1_base64="OlfQof/h5WknLxEfO6ePVNY+RXs=">AAACJnicbVDLSgMxFM34rPVVdekmWIR2U2ZE0I0gunFZwT6gLeVOmrbBzCQkd8RS+zVu/BU3Lioi7vwU0wdoWw8EDuecy809oZbCou9/eUvLK6tr66mN9ObW9s5uZm+/bFViGC8xJZWphmC5FDEvoUDJq9pwiELJK+H99civPHBjhYrvsKd5I4JOLNqCATqpmbkomly3pxV2uRX2qQUIeVoHrY16pM4bCU+/gfxMPN/MZP2CPwZdJMGUZMkUxWZmWG8plkQ8RibB2lrga2z0waBgkg/S9cRyDeweOrzmaAwRt43++MwBPXZKi7aVcS9GOlb/TvQhsrYXhS4ZAXbtvDcS//NqCbbPG30R6wR5zCaL2omkqOioM9oShjOUPUeAGeH+SlkXDDB0zaZdCcH8yYukfFII/EJwe5q9vJrWkSKH5IjkSEDOyCW5IUVSIow8k1cyJO/ei/fmfXifk+iSN505IDPwvn8A0/OmmA==</latexit>

Posterior Likelihood Prior



Learning



Learning vs. cryptography

Learning and cryptography are dual to each other

Learning Design algorithms that can efficiently  
find models for observed data

Cryptography
Design protocols to encrypt data such  

that no efficient algorithm can learn 
anything about it

Let’s remove the “efficiency” condition



Information-theoretic security

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

Let PM denote the set of physical machines

I.e. machines that operate according to the laws of physics

No restriction on run-time

8A 2 PM
<latexit sha1_base64="UC3GU3tKvws6WitabbZMDnNTAO0=">AAAB+XicbVDLSgMxFL1TX7W+Rl26CRbBVZkRQZdVN26ECvYBnaFk0kwbmkmGJFMoQ//EjQtF3Pon7vwb03YW2nogcDjnXu7JiVLOtPG8b6e0tr6xuVXeruzs7u0fuIdHLS0zRWiTSC5VJ8KaciZo0zDDaSdVFCcRp+1odDfz22OqNJPiyUxSGiZ4IFjMCDZW6rluEEuFOUc3KGACNR56btWreXOgVeIXpAoFGj33K+hLkiVUGMKx1l3fS02YY2UY4XRaCTJNU0xGeEC7lgqcUB3m8+RTdGaVPrIR7BMGzdXfGzlOtJ4kkZ1MsBnqZW8m/ud1MxNfhzkTaWaoIItDccaRkWhWA+ozRYnhE0swUcxmRWSIFSbGllWxJfjLX14lrYua79X8x8tq/baoowwncArn4MMV1OEeGtAEAmN4hld4c3LnxXl3PhajJafYOYY/cD5/AAankpg=</latexit><latexit sha1_base64="UC3GU3tKvws6WitabbZMDnNTAO0=">AAAB+XicbVDLSgMxFL1TX7W+Rl26CRbBVZkRQZdVN26ECvYBnaFk0kwbmkmGJFMoQ//EjQtF3Pon7vwb03YW2nogcDjnXu7JiVLOtPG8b6e0tr6xuVXeruzs7u0fuIdHLS0zRWiTSC5VJ8KaciZo0zDDaSdVFCcRp+1odDfz22OqNJPiyUxSGiZ4IFjMCDZW6rluEEuFOUc3KGACNR56btWreXOgVeIXpAoFGj33K+hLkiVUGMKx1l3fS02YY2UY4XRaCTJNU0xGeEC7lgqcUB3m8+RTdGaVPrIR7BMGzdXfGzlOtJ4kkZ1MsBnqZW8m/ud1MxNfhzkTaWaoIItDccaRkWhWA+ozRYnhE0swUcxmRWSIFSbGllWxJfjLX14lrYua79X8x8tq/baoowwncArn4MMV1OEeGtAEAmN4hld4c3LnxXl3PhajJafYOYY/cD5/AAankpg=</latexit><latexit sha1_base64="UC3GU3tKvws6WitabbZMDnNTAO0=">AAAB+XicbVDLSgMxFL1TX7W+Rl26CRbBVZkRQZdVN26ECvYBnaFk0kwbmkmGJFMoQ//EjQtF3Pon7vwb03YW2nogcDjnXu7JiVLOtPG8b6e0tr6xuVXeruzs7u0fuIdHLS0zRWiTSC5VJ8KaciZo0zDDaSdVFCcRp+1odDfz22OqNJPiyUxSGiZ4IFjMCDZW6rluEEuFOUc3KGACNR56btWreXOgVeIXpAoFGj33K+hLkiVUGMKx1l3fS02YY2UY4XRaCTJNU0xGeEC7lgqcUB3m8+RTdGaVPrIR7BMGzdXfGzlOtJ4kkZ1MsBnqZW8m/ud1MxNfhzkTaWaoIItDccaRkWhWA+ozRYnhE0swUcxmRWSIFSbGllWxJfjLX14lrYua79X8x8tq/baoowwncArn4MMV1OEeGtAEAmN4hld4c3LnxXl3PhajJafYOYY/cD5/AAankpg=</latexit><latexit sha1_base64="UC3GU3tKvws6WitabbZMDnNTAO0=">AAAB+XicbVDLSgMxFL1TX7W+Rl26CRbBVZkRQZdVN26ECvYBnaFk0kwbmkmGJFMoQ//EjQtF3Pon7vwb03YW2nogcDjnXu7JiVLOtPG8b6e0tr6xuVXeruzs7u0fuIdHLS0zRWiTSC5VJ8KaciZo0zDDaSdVFCcRp+1odDfz22OqNJPiyUxSGiZ4IFjMCDZW6rluEEuFOUc3KGACNR56btWreXOgVeIXpAoFGj33K+hLkiVUGMKx1l3fS02YY2UY4XRaCTJNU0xGeEC7lgqcUB3m8+RTdGaVPrIR7BMGzdXfGzlOtJ4kkZ1MsBnqZW8m/ud1MxNfhzkTaWaoIItDccaRkWhWA+ozRYnhE0swUcxmRWSIFSbGllWxJfjLX14lrYua79X8x8tq/baoowwncArn4MMV1OEeGtAEAmN4hld4c3LnxXl3PhajJafYOYY/cD5/AAankpg=</latexit>

Pr[A(Enc(M1)) = 1] ⇡ Pr[A(Enc(M2)) = 1]
<latexit sha1_base64="X1wYMsoJW7tJNobYYydSjolqJLE=">AAACGHicbVDLSsNAFJ3UV62vqEs3g0VoNzUpgm6EqghuhAr2AWkIk+mkHTqZhJmJWEI/w42/4saFIm6782+ctlnU1gMXDufcy733+DGjUlnWj5FbWV1b38hvFra2d3b3zP2DpowSgUkDRywSbR9JwignDUUVI+1YEBT6jLT8wc3Ebz0RIWnEH9UwJm6IepwGFCOlJc88rQvnqnTLcenes8tleAltF3ZQHIvoGc551czzzKJVsaaAy8TOSBFkqHvmuNONcBISrjBDUjq2FSs3RUJRzMio0EkkiREeoB5xNOUoJNJNp4+N4IlWujCIhC6u4FSdn0hRKOUw9HVniFRfLnoT8T/PSVRw4aaUx4kiHM8WBQmDKoKTlGCXCoIVG2qCsKD6Voj7SCCsdJYFHYK9+PIyaVYrtlWxH86Ktessjjw4AsegBGxwDmrgDtRBA2DwAt7AB/g0Xo1348v4nrXmjGzmEPyBMf4FkLebtA==</latexit><latexit sha1_base64="X1wYMsoJW7tJNobYYydSjolqJLE=">AAACGHicbVDLSsNAFJ3UV62vqEs3g0VoNzUpgm6EqghuhAr2AWkIk+mkHTqZhJmJWEI/w42/4saFIm6782+ctlnU1gMXDufcy733+DGjUlnWj5FbWV1b38hvFra2d3b3zP2DpowSgUkDRywSbR9JwignDUUVI+1YEBT6jLT8wc3Ebz0RIWnEH9UwJm6IepwGFCOlJc88rQvnqnTLcenes8tleAltF3ZQHIvoGc551czzzKJVsaaAy8TOSBFkqHvmuNONcBISrjBDUjq2FSs3RUJRzMio0EkkiREeoB5xNOUoJNJNp4+N4IlWujCIhC6u4FSdn0hRKOUw9HVniFRfLnoT8T/PSVRw4aaUx4kiHM8WBQmDKoKTlGCXCoIVG2qCsKD6Voj7SCCsdJYFHYK9+PIyaVYrtlWxH86Ktessjjw4AsegBGxwDmrgDtRBA2DwAt7AB/g0Xo1348v4nrXmjGzmEPyBMf4FkLebtA==</latexit><latexit sha1_base64="X1wYMsoJW7tJNobYYydSjolqJLE=">AAACGHicbVDLSsNAFJ3UV62vqEs3g0VoNzUpgm6EqghuhAr2AWkIk+mkHTqZhJmJWEI/w42/4saFIm6782+ctlnU1gMXDufcy733+DGjUlnWj5FbWV1b38hvFra2d3b3zP2DpowSgUkDRywSbR9JwignDUUVI+1YEBT6jLT8wc3Ebz0RIWnEH9UwJm6IepwGFCOlJc88rQvnqnTLcenes8tleAltF3ZQHIvoGc551czzzKJVsaaAy8TOSBFkqHvmuNONcBISrjBDUjq2FSs3RUJRzMio0EkkiREeoB5xNOUoJNJNp4+N4IlWujCIhC6u4FSdn0hRKOUw9HVniFRfLnoT8T/PSVRw4aaUx4kiHM8WBQmDKoKTlGCXCoIVG2qCsKD6Voj7SCCsdJYFHYK9+PIyaVYrtlWxH86Ktessjjw4AsegBGxwDmrgDtRBA2DwAt7AB/g0Xo1348v4nrXmjGzmEPyBMf4FkLebtA==</latexit><latexit sha1_base64="X1wYMsoJW7tJNobYYydSjolqJLE=">AAACGHicbVDLSsNAFJ3UV62vqEs3g0VoNzUpgm6EqghuhAr2AWkIk+mkHTqZhJmJWEI/w42/4saFIm6782+ctlnU1gMXDufcy733+DGjUlnWj5FbWV1b38hvFra2d3b3zP2DpowSgUkDRywSbR9JwignDUUVI+1YEBT6jLT8wc3Ebz0RIWnEH9UwJm6IepwGFCOlJc88rQvnqnTLcenes8tleAltF3ZQHIvoGc551czzzKJVsaaAy8TOSBFkqHvmuNONcBISrjBDUjq2FSs3RUJRzMio0EkkiREeoB5xNOUoJNJNp4+N4IlWujCIhC6u4FSdn0hRKOUw9HVniFRfLnoT8T/PSVRw4aaUx4kiHM8WBQmDKoKTlGCXCoIVG2qCsKD6Voj7SCCsdJYFHYK9+PIyaVYrtlWxH86Ktessjjw4AsegBGxwDmrgDtRBA2DwAt7AB/g0Xo1348v4nrXmjGzmEPyBMf4FkLebtA==</latexit>

Equivalently, we can simply write

Pr[M1|Enc(M1)] ⇡ Pr[M2|Enc(M1)]
<latexit sha1_base64="sUSs+HbQuw8IViADCqiGUOLY+WA=">AAACFnicbZDLSsNAFIYn9VbrLerSzWAR6sKSFEGXRRHcCBXsBdIQJtNJO3QyCTMTscQ+hRtfxY0LRdyKO9/GaZpFbT0w8PH/53Dm/H7MqFSW9WMUlpZXVteK66WNza3tHXN3ryWjRGDSxBGLRMdHkjDKSVNRxUgnFgSFPiNtf3g58dv3REga8Ts1iokboj6nAcVIackzTxrCufFs+AivOK5oOnZhF8WxiB5gZtVmLc8sW1UrK7gIdg5lkFfDM7+7vQgnIeEKMySlY1uxclMkFMWMjEvdRJIY4SHqE0cjRyGRbpqdNYZHWunBIBL6cQUzdXYiRaGUo9DXnSFSAznvTcT/PCdRwbmbUh4ninA8XRQkDKoITjKCPSoIVmykAWFB9V8hHiCBsNJJlnQI9vzJi9CqVW2rat+elusXeRxFcAAOQQXY4AzUwTVogCbA4Am8gDfwbjwbr8aH8TltLRj5zD74U8bXL1CanFI=</latexit><latexit sha1_base64="sUSs+HbQuw8IViADCqiGUOLY+WA=">AAACFnicbZDLSsNAFIYn9VbrLerSzWAR6sKSFEGXRRHcCBXsBdIQJtNJO3QyCTMTscQ+hRtfxY0LRdyKO9/GaZpFbT0w8PH/53Dm/H7MqFSW9WMUlpZXVteK66WNza3tHXN3ryWjRGDSxBGLRMdHkjDKSVNRxUgnFgSFPiNtf3g58dv3REga8Ts1iokboj6nAcVIackzTxrCufFs+AivOK5oOnZhF8WxiB5gZtVmLc8sW1UrK7gIdg5lkFfDM7+7vQgnIeEKMySlY1uxclMkFMWMjEvdRJIY4SHqE0cjRyGRbpqdNYZHWunBIBL6cQUzdXYiRaGUo9DXnSFSAznvTcT/PCdRwbmbUh4ninA8XRQkDKoITjKCPSoIVmykAWFB9V8hHiCBsNJJlnQI9vzJi9CqVW2rat+elusXeRxFcAAOQQXY4AzUwTVogCbA4Am8gDfwbjwbr8aH8TltLRj5zD74U8bXL1CanFI=</latexit><latexit sha1_base64="sUSs+HbQuw8IViADCqiGUOLY+WA=">AAACFnicbZDLSsNAFIYn9VbrLerSzWAR6sKSFEGXRRHcCBXsBdIQJtNJO3QyCTMTscQ+hRtfxY0LRdyKO9/GaZpFbT0w8PH/53Dm/H7MqFSW9WMUlpZXVteK66WNza3tHXN3ryWjRGDSxBGLRMdHkjDKSVNRxUgnFgSFPiNtf3g58dv3REga8Ts1iokboj6nAcVIackzTxrCufFs+AivOK5oOnZhF8WxiB5gZtVmLc8sW1UrK7gIdg5lkFfDM7+7vQgnIeEKMySlY1uxclMkFMWMjEvdRJIY4SHqE0cjRyGRbpqdNYZHWunBIBL6cQUzdXYiRaGUo9DXnSFSAznvTcT/PCdRwbmbUh4ninA8XRQkDKoITjKCPSoIVmykAWFB9V8hHiCBsNJJlnQI9vzJi9CqVW2rat+elusXeRxFcAAOQQXY4AzUwTVogCbA4Am8gDfwbjwbr8aH8TltLRj5zD74U8bXL1CanFI=</latexit><latexit sha1_base64="sUSs+HbQuw8IViADCqiGUOLY+WA=">AAACFnicbZDLSsNAFIYn9VbrLerSzWAR6sKSFEGXRRHcCBXsBdIQJtNJO3QyCTMTscQ+hRtfxY0LRdyKO9/GaZpFbT0w8PH/53Dm/H7MqFSW9WMUlpZXVteK66WNza3tHXN3ryWjRGDSxBGLRMdHkjDKSVNRxUgnFgSFPiNtf3g58dv3REga8Ts1iokboj6nAcVIackzTxrCufFs+AivOK5oOnZhF8WxiB5gZtVmLc8sW1UrK7gIdg5lkFfDM7+7vQgnIeEKMySlY1uxclMkFMWMjEvdRJIY4SHqE0cjRyGRbpqdNYZHWunBIBL6cQUzdXYiRaGUo9DXnSFSAznvTcT/PCdRwbmbUh4ninA8XRQkDKoITjKCPSoIVmykAWFB9V8hHiCBsNJJlnQI9vzJi9CqVW2rat+elusXeRxFcAAOQQXY4AzUwTVogCbA4Am8gDfwbjwbr8aH8TltLRj5zD74U8bXL1CanFI=</latexit>



Are there classical protocols with IT security?



One-time pad (OTP)

I want to tell Bob about 
 the new Star Wars



One-time pad (OTP)

But I don’t want anyone 
else to know



One-time pad (OTP)

M = The Last Jedi was ...
<latexit sha1_base64="e4nAbRGHPCGIEBjlFqrPLDzwgKI=">AAACCXicbVDJSgNBEO2JW4zbqEcvjUHwNMyIoBch6EVEIUI2SELo6VSSJj0L3TVqGHL14q948aCIV//Am39jZzlo4oOCx3tVVNXzYyk0uu63lVlYXFpeya7m1tY3Nrfs7Z2KjhLFocwjGamazzRIEUIZBUqoxQpY4Euo+v2LkV+9A6VFFJZwEEMzYN1QdARnaKSWTW/oGW0gPGBa6gG9ZhrpFbQFvWeaOo4zbNl513HHoPPEm5I8maLYsr8a7YgnAYTIJdO67rkxNlOmUHAJw1wj0RAz3mddqBsasgB0Mx1/MqQHRmnTTqRMhUjH6u+JlAVaDwLfdAYMe3rWG4n/efUEO6fNVIRxghDyyaJOIilGdBQLbQsFHOXAEMaVMLdS3mOKcTTh5UwI3uzL86Ry5Hiu490e5wvn0ziyZI/sk0PikRNSIJekSMqEk0fyTF7Jm/VkvVjv1sekNWNNZ3bJH1ifP5EjmFQ=</latexit><latexit sha1_base64="e4nAbRGHPCGIEBjlFqrPLDzwgKI=">AAACCXicbVDJSgNBEO2JW4zbqEcvjUHwNMyIoBch6EVEIUI2SELo6VSSJj0L3TVqGHL14q948aCIV//Am39jZzlo4oOCx3tVVNXzYyk0uu63lVlYXFpeya7m1tY3Nrfs7Z2KjhLFocwjGamazzRIEUIZBUqoxQpY4Euo+v2LkV+9A6VFFJZwEEMzYN1QdARnaKSWTW/oGW0gPGBa6gG9ZhrpFbQFvWeaOo4zbNl513HHoPPEm5I8maLYsr8a7YgnAYTIJdO67rkxNlOmUHAJw1wj0RAz3mddqBsasgB0Mx1/MqQHRmnTTqRMhUjH6u+JlAVaDwLfdAYMe3rWG4n/efUEO6fNVIRxghDyyaJOIilGdBQLbQsFHOXAEMaVMLdS3mOKcTTh5UwI3uzL86Ry5Hiu490e5wvn0ziyZI/sk0PikRNSIJekSMqEk0fyTF7Jm/VkvVjv1sekNWNNZ3bJH1ifP5EjmFQ=</latexit><latexit sha1_base64="e4nAbRGHPCGIEBjlFqrPLDzwgKI=">AAACCXicbVDJSgNBEO2JW4zbqEcvjUHwNMyIoBch6EVEIUI2SELo6VSSJj0L3TVqGHL14q948aCIV//Am39jZzlo4oOCx3tVVNXzYyk0uu63lVlYXFpeya7m1tY3Nrfs7Z2KjhLFocwjGamazzRIEUIZBUqoxQpY4Euo+v2LkV+9A6VFFJZwEEMzYN1QdARnaKSWTW/oGW0gPGBa6gG9ZhrpFbQFvWeaOo4zbNl513HHoPPEm5I8maLYsr8a7YgnAYTIJdO67rkxNlOmUHAJw1wj0RAz3mddqBsasgB0Mx1/MqQHRmnTTqRMhUjH6u+JlAVaDwLfdAYMe3rWG4n/efUEO6fNVIRxghDyyaJOIilGdBQLbQsFHOXAEMaVMLdS3mOKcTTh5UwI3uzL86Ry5Hiu490e5wvn0ziyZI/sk0PikRNSIJekSMqEk0fyTF7Jm/VkvVjv1sekNWNNZ3bJH1ifP5EjmFQ=</latexit><latexit sha1_base64="e4nAbRGHPCGIEBjlFqrPLDzwgKI=">AAACCXicbVDJSgNBEO2JW4zbqEcvjUHwNMyIoBch6EVEIUI2SELo6VSSJj0L3TVqGHL14q948aCIV//Am39jZzlo4oOCx3tVVNXzYyk0uu63lVlYXFpeya7m1tY3Nrfs7Z2KjhLFocwjGamazzRIEUIZBUqoxQpY4Euo+v2LkV+9A6VFFJZwEEMzYN1QdARnaKSWTW/oGW0gPGBa6gG9ZhrpFbQFvWeaOo4zbNl513HHoPPEm5I8maLYsr8a7YgnAYTIJdO67rkxNlOmUHAJw1wj0RAz3mddqBsasgB0Mx1/MqQHRmnTTqRMhUjH6u+JlAVaDwLfdAYMe3rWG4n/efUEO6fNVIRxghDyyaJOIilGdBQLbQsFHOXAEMaVMLdS3mOKcTTh5UwI3uzL86Ry5Hiu490e5wvn0ziyZI/sk0PikRNSIJekSMqEk0fyTF7Jm/VkvVjv1sekNWNNZ3bJH1ifP5EjmFQ=</latexit>



One-time pad (OTP)

M = 010101111011001001101
<latexit sha1_base64="IZjyja+cUrptgi1g8gM2IMaHCzM=">AAACAnicbVDLSgMxFL1TX7W+Rl2Jm2ARXJWMCLoRim7cCBXsA9qhZNJMG5rJDElGKKW48VfcuFDErV/hzr8x085CW08eHM65l+SeIBFcG4y/ncLS8srqWnG9tLG5tb3j7u41dJwqyuo0FrFqBUQzwSWrG24EayWKkSgQrBkMrzO/+cCU5rG8N6OE+RHpSx5ySoyVuu7BLbpE2MuWhb0wzrZlXbeMK3gKtEi8nJQhR63rfnV6MU0jJg0VROu2hxPjj4kynAo2KXVSzRJCh6TP2pZKEjHtj6cjTNCxVXoojJU90qCp+rtjTCKtR1FgKyNiBnrey8T/vHZqwgt/zGWSGibp7KEwFcjEKMsD9bhi1IiRJYQqbv+K6IAoQo1NrWRD8OZHXiSN04qHK97dWbl6lcdRhEM4ghPw4ByqcAM1qAOFR3iGV3hznpwX5935mJUWnLxnH/7A+fwBl1eSaw==</latexit><latexit sha1_base64="IZjyja+cUrptgi1g8gM2IMaHCzM=">AAACAnicbVDLSgMxFL1TX7W+Rl2Jm2ARXJWMCLoRim7cCBXsA9qhZNJMG5rJDElGKKW48VfcuFDErV/hzr8x085CW08eHM65l+SeIBFcG4y/ncLS8srqWnG9tLG5tb3j7u41dJwqyuo0FrFqBUQzwSWrG24EayWKkSgQrBkMrzO/+cCU5rG8N6OE+RHpSx5ySoyVuu7BLbpE2MuWhb0wzrZlXbeMK3gKtEi8nJQhR63rfnV6MU0jJg0VROu2hxPjj4kynAo2KXVSzRJCh6TP2pZKEjHtj6cjTNCxVXoojJU90qCp+rtjTCKtR1FgKyNiBnrey8T/vHZqwgt/zGWSGibp7KEwFcjEKMsD9bhi1IiRJYQqbv+K6IAoQo1NrWRD8OZHXiSN04qHK97dWbl6lcdRhEM4ghPw4ByqcAM1qAOFR3iGV3hznpwX5935mJUWnLxnH/7A+fwBl1eSaw==</latexit><latexit sha1_base64="IZjyja+cUrptgi1g8gM2IMaHCzM=">AAACAnicbVDLSgMxFL1TX7W+Rl2Jm2ARXJWMCLoRim7cCBXsA9qhZNJMG5rJDElGKKW48VfcuFDErV/hzr8x085CW08eHM65l+SeIBFcG4y/ncLS8srqWnG9tLG5tb3j7u41dJwqyuo0FrFqBUQzwSWrG24EayWKkSgQrBkMrzO/+cCU5rG8N6OE+RHpSx5ySoyVuu7BLbpE2MuWhb0wzrZlXbeMK3gKtEi8nJQhR63rfnV6MU0jJg0VROu2hxPjj4kynAo2KXVSzRJCh6TP2pZKEjHtj6cjTNCxVXoojJU90qCp+rtjTCKtR1FgKyNiBnrey8T/vHZqwgt/zGWSGibp7KEwFcjEKMsD9bhi1IiRJYQqbv+K6IAoQo1NrWRD8OZHXiSN04qHK97dWbl6lcdRhEM4ghPw4ByqcAM1qAOFR3iGV3hznpwX5935mJUWnLxnH/7A+fwBl1eSaw==</latexit><latexit sha1_base64="IZjyja+cUrptgi1g8gM2IMaHCzM=">AAACAnicbVDLSgMxFL1TX7W+Rl2Jm2ARXJWMCLoRim7cCBXsA9qhZNJMG5rJDElGKKW48VfcuFDErV/hzr8x085CW08eHM65l+SeIBFcG4y/ncLS8srqWnG9tLG5tb3j7u41dJwqyuo0FrFqBUQzwSWrG24EayWKkSgQrBkMrzO/+cCU5rG8N6OE+RHpSx5ySoyVuu7BLbpE2MuWhb0wzrZlXbeMK3gKtEi8nJQhR63rfnV6MU0jJg0VROu2hxPjj4kynAo2KXVSzRJCh6TP2pZKEjHtj6cjTNCxVXoojJU90qCp+rtjTCKtR1FgKyNiBnrey8T/vHZqwgt/zGWSGibp7KEwFcjEKMsD9bhi1IiRJYQqbv+K6IAoQo1NrWRD8OZHXiSN04qHK97dWbl6lcdRhEM4ghPw4ByqcAM1qAOFR3iGV3hznpwX5935mJUWnLxnH/7A+fwBl1eSaw==</latexit>



One-time pad (OTP)

K,M
<latexit sha1_base64="dAL6hRq0F1cXBlwea1ngffHHS6M=">AAAB63icbVBNS8NAEJ3Ur1q/oh69LBbBg5REBD0WvQgiVLAf0Iay2W7apbubsLsRSuhf8OJBEa/+IW/+GzdtDtr6YODx3gwz88KEM20879sprayurW+UNytb2zu7e+7+QUvHqSK0SWIeq06INeVM0qZhhtNOoigWIaftcHyT++0nqjSL5aOZJDQQeChZxAg2uXR3hu77btWreTOgZeIXpAoFGn33qzeISSqoNIRjrbu+l5ggw8owwum00ks1TTAZ4yHtWiqxoDrIZrdO0YlVBiiKlS1p0Ez9PZFhofVEhLZTYDPSi14u/ud1UxNdBRmTSWqoJPNFUcqRiVH+OBowRYnhE0swUczeisgIK0yMjadiQ/AXX14mrfOa79X8h4tq/bqIowxHcAyn4MMl1OEWGtAEAiN4hld4c4Tz4rw7H/PWklPMHMIfOJ8/+gONhg==</latexit><latexit sha1_base64="dAL6hRq0F1cXBlwea1ngffHHS6M=">AAAB63icbVBNS8NAEJ3Ur1q/oh69LBbBg5REBD0WvQgiVLAf0Iay2W7apbubsLsRSuhf8OJBEa/+IW/+GzdtDtr6YODx3gwz88KEM20879sprayurW+UNytb2zu7e+7+QUvHqSK0SWIeq06INeVM0qZhhtNOoigWIaftcHyT++0nqjSL5aOZJDQQeChZxAg2uXR3hu77btWreTOgZeIXpAoFGn33qzeISSqoNIRjrbu+l5ggw8owwum00ks1TTAZ4yHtWiqxoDrIZrdO0YlVBiiKlS1p0Ez9PZFhofVEhLZTYDPSi14u/ud1UxNdBRmTSWqoJPNFUcqRiVH+OBowRYnhE0swUczeisgIK0yMjadiQ/AXX14mrfOa79X8h4tq/bqIowxHcAyn4MMl1OEWGtAEAiN4hld4c4Tz4rw7H/PWklPMHMIfOJ8/+gONhg==</latexit><latexit sha1_base64="dAL6hRq0F1cXBlwea1ngffHHS6M=">AAAB63icbVBNS8NAEJ3Ur1q/oh69LBbBg5REBD0WvQgiVLAf0Iay2W7apbubsLsRSuhf8OJBEa/+IW/+GzdtDtr6YODx3gwz88KEM20879sprayurW+UNytb2zu7e+7+QUvHqSK0SWIeq06INeVM0qZhhtNOoigWIaftcHyT++0nqjSL5aOZJDQQeChZxAg2uXR3hu77btWreTOgZeIXpAoFGn33qzeISSqoNIRjrbu+l5ggw8owwum00ks1TTAZ4yHtWiqxoDrIZrdO0YlVBiiKlS1p0Ez9PZFhofVEhLZTYDPSi14u/ud1UxNdBRmTSWqoJPNFUcqRiVH+OBowRYnhE0swUczeisgIK0yMjadiQ/AXX14mrfOa79X8h4tq/bqIowxHcAyn4MMl1OEWGtAEAiN4hld4c4Tz4rw7H/PWklPMHMIfOJ8/+gONhg==</latexit><latexit sha1_base64="dAL6hRq0F1cXBlwea1ngffHHS6M=">AAAB63icbVBNS8NAEJ3Ur1q/oh69LBbBg5REBD0WvQgiVLAf0Iay2W7apbubsLsRSuhf8OJBEa/+IW/+GzdtDtr6YODx3gwz88KEM20879sprayurW+UNytb2zu7e+7+QUvHqSK0SWIeq06INeVM0qZhhtNOoigWIaftcHyT++0nqjSL5aOZJDQQeChZxAg2uXR3hu77btWreTOgZeIXpAoFGn33qzeISSqoNIRjrbu+l5ggw8owwum00ks1TTAZ4yHtWiqxoDrIZrdO0YlVBiiKlS1p0Ez9PZFhofVEhLZTYDPSi14u/ud1UxNdBRmTSWqoJPNFUcqRiVH+OBowRYnhE0swUczeisgIK0yMjadiQ/AXX14mrfOa79X8h4tq/bqIowxHcAyn4MMl1OEWGtAEAiN4hld4c4Tz4rw7H/PWklPMHMIfOJ8/+gONhg==</latexit>

K
<latexit sha1_base64="NrnJFnQip0mnCQuMQd53f76pYSs=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi+ClBfsBbSib7aRdu9mE3Y1QQn+BFw+KePUnefPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvp357SdUmsfywUwS9CM6lDzkjBorNe775Ypbdecgq8TLSQVy1Pvlr94gZmmE0jBBte56bmL8jCrDmcBpqZdqTCgb0yF2LZU0Qu1n80On5MwqAxLGypY0ZK7+nshopPUkCmxnRM1IL3sz8T+vm5rw2s+4TFKDki0WhakgJiazr8mAK2RGTCyhTHF7K2EjqigzNpuSDcFbfnmVtC6qnlv1GpeV2k0eRxFO4BTOwYMrqMEd1KEJDBCe4RXenEfnxXl3PhatBSefOYY/cD5/AKIFjM8=</latexit><latexit sha1_base64="NrnJFnQip0mnCQuMQd53f76pYSs=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi+ClBfsBbSib7aRdu9mE3Y1QQn+BFw+KePUnefPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvp357SdUmsfywUwS9CM6lDzkjBorNe775Ypbdecgq8TLSQVy1Pvlr94gZmmE0jBBte56bmL8jCrDmcBpqZdqTCgb0yF2LZU0Qu1n80On5MwqAxLGypY0ZK7+nshopPUkCmxnRM1IL3sz8T+vm5rw2s+4TFKDki0WhakgJiazr8mAK2RGTCyhTHF7K2EjqigzNpuSDcFbfnmVtC6qnlv1GpeV2k0eRxFO4BTOwYMrqMEd1KEJDBCe4RXenEfnxXl3PhatBSefOYY/cD5/AKIFjM8=</latexit><latexit sha1_base64="NrnJFnQip0mnCQuMQd53f76pYSs=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi+ClBfsBbSib7aRdu9mE3Y1QQn+BFw+KePUnefPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvp357SdUmsfywUwS9CM6lDzkjBorNe775Ypbdecgq8TLSQVy1Pvlr94gZmmE0jBBte56bmL8jCrDmcBpqZdqTCgb0yF2LZU0Qu1n80On5MwqAxLGypY0ZK7+nshopPUkCmxnRM1IL3sz8T+vm5rw2s+4TFKDki0WhakgJiazr8mAK2RGTCyhTHF7K2EjqigzNpuSDcFbfnmVtC6qnlv1GpeV2k0eRxFO4BTOwYMrqMEd1KEJDBCe4RXenEfnxXl3PhatBSefOYY/cD5/AKIFjM8=</latexit><latexit sha1_base64="NrnJFnQip0mnCQuMQd53f76pYSs=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi+ClBfsBbSib7aRdu9mE3Y1QQn+BFw+KePUnefPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvp357SdUmsfywUwS9CM6lDzkjBorNe775Ypbdecgq8TLSQVy1Pvlr94gZmmE0jBBte56bmL8jCrDmcBpqZdqTCgb0yF2LZU0Qu1n80On5MwqAxLGypY0ZK7+nshopPUkCmxnRM1IL3sz8T+vm5rw2s+4TFKDki0WhakgJiazr8mAK2RGTCyhTHF7K2EjqigzNpuSDcFbfnmVtC6qnlv1GpeV2k0eRxFO4BTOwYMrqMEd1KEJDBCe4RXenEfnxXl3PhatBSefOYY/cD5/AKIFjM8=</latexit>

|K| = |M |
<latexit sha1_base64="SoBX4034Et0KgzF0UH7kqVuNrbo=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBU9kVQS9C0YsgQgX7Ie1Ssmm2DU2yS5IVym5/hRcPinj153jz35i2e9Dqg4HHezPMzAtizrRx3S+nsLS8srpWXC9tbG5t75R395o6ShShDRLxSLUDrClnkjYMM5y2Y0WxCDhtBaOrqd96pEqzSN6bcUx9gQeShYxgY6WH7CZDFyi7zXrlilt1Z0B/iZeTCuSo98qf3X5EEkGlIRxr3fHc2PgpVoYRTielbqJpjMkID2jHUokF1X46O3iCjqzSR2GkbEmDZurPiRQLrccisJ0Cm6Fe9Kbif14nMeG5nzIZJ4ZKMl8UJhyZCE2/R32mKDF8bAkmitlbERlihYmxGZVsCN7iy39J86TquVXv7rRSu8zjKMIBHMIxeHAGNbiGOjSAgIAneIFXRznPzpvzPm8tOPnMPvyC8/EN956P2Q==</latexit><latexit sha1_base64="SoBX4034Et0KgzF0UH7kqVuNrbo=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBU9kVQS9C0YsgQgX7Ie1Ssmm2DU2yS5IVym5/hRcPinj153jz35i2e9Dqg4HHezPMzAtizrRx3S+nsLS8srpWXC9tbG5t75R395o6ShShDRLxSLUDrClnkjYMM5y2Y0WxCDhtBaOrqd96pEqzSN6bcUx9gQeShYxgY6WH7CZDFyi7zXrlilt1Z0B/iZeTCuSo98qf3X5EEkGlIRxr3fHc2PgpVoYRTielbqJpjMkID2jHUokF1X46O3iCjqzSR2GkbEmDZurPiRQLrccisJ0Cm6Fe9Kbif14nMeG5nzIZJ4ZKMl8UJhyZCE2/R32mKDF8bAkmitlbERlihYmxGZVsCN7iy39J86TquVXv7rRSu8zjKMIBHMIxeHAGNbiGOjSAgIAneIFXRznPzpvzPm8tOPnMPvyC8/EN956P2Q==</latexit><latexit sha1_base64="SoBX4034Et0KgzF0UH7kqVuNrbo=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBU9kVQS9C0YsgQgX7Ie1Ssmm2DU2yS5IVym5/hRcPinj153jz35i2e9Dqg4HHezPMzAtizrRx3S+nsLS8srpWXC9tbG5t75R395o6ShShDRLxSLUDrClnkjYMM5y2Y0WxCDhtBaOrqd96pEqzSN6bcUx9gQeShYxgY6WH7CZDFyi7zXrlilt1Z0B/iZeTCuSo98qf3X5EEkGlIRxr3fHc2PgpVoYRTielbqJpjMkID2jHUokF1X46O3iCjqzSR2GkbEmDZurPiRQLrccisJ0Cm6Fe9Kbif14nMeG5nzIZJ4ZKMl8UJhyZCE2/R32mKDF8bAkmitlbERlihYmxGZVsCN7iy39J86TquVXv7rRSu8zjKMIBHMIxeHAGNbiGOjSAgIAneIFXRznPzpvzPm8tOPnMPvyC8/EN956P2Q==</latexit><latexit sha1_base64="SoBX4034Et0KgzF0UH7kqVuNrbo=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBU9kVQS9C0YsgQgX7Ie1Ssmm2DU2yS5IVym5/hRcPinj153jz35i2e9Dqg4HHezPMzAtizrRx3S+nsLS8srpWXC9tbG5t75R395o6ShShDRLxSLUDrClnkjYMM5y2Y0WxCDhtBaOrqd96pEqzSN6bcUx9gQeShYxgY6WH7CZDFyi7zXrlilt1Z0B/iZeTCuSo98qf3X5EEkGlIRxr3fHc2PgpVoYRTielbqJpjMkID2jHUokF1X46O3iCjqzSR2GkbEmDZurPiRQLrccisJ0Cm6Fe9Kbif14nMeG5nzIZJ4ZKMl8UJhyZCE2/R32mKDF8bAkmitlbERlihYmxGZVsCN7iy39J86TquVXv7rRSu8zjKMIBHMIxeHAGNbiGOjSAgIAneIFXRznPzpvzPm8tOPnMPvyC8/EN956P2Q==</latexit>

K is essentially random



One-time pad (OTP)

K,M
<latexit sha1_base64="dAL6hRq0F1cXBlwea1ngffHHS6M=">AAAB63icbVBNS8NAEJ3Ur1q/oh69LBbBg5REBD0WvQgiVLAf0Iay2W7apbubsLsRSuhf8OJBEa/+IW/+GzdtDtr6YODx3gwz88KEM20879sprayurW+UNytb2zu7e+7+QUvHqSK0SWIeq06INeVM0qZhhtNOoigWIaftcHyT++0nqjSL5aOZJDQQeChZxAg2uXR3hu77btWreTOgZeIXpAoFGn33qzeISSqoNIRjrbu+l5ggw8owwum00ks1TTAZ4yHtWiqxoDrIZrdO0YlVBiiKlS1p0Ez9PZFhofVEhLZTYDPSi14u/ud1UxNdBRmTSWqoJPNFUcqRiVH+OBowRYnhE0swUczeisgIK0yMjadiQ/AXX14mrfOa79X8h4tq/bqIowxHcAyn4MMl1OEWGtAEAiN4hld4c4Tz4rw7H/PWklPMHMIfOJ8/+gONhg==</latexit><latexit sha1_base64="dAL6hRq0F1cXBlwea1ngffHHS6M=">AAAB63icbVBNS8NAEJ3Ur1q/oh69LBbBg5REBD0WvQgiVLAf0Iay2W7apbubsLsRSuhf8OJBEa/+IW/+GzdtDtr6YODx3gwz88KEM20879sprayurW+UNytb2zu7e+7+QUvHqSK0SWIeq06INeVM0qZhhtNOoigWIaftcHyT++0nqjSL5aOZJDQQeChZxAg2uXR3hu77btWreTOgZeIXpAoFGn33qzeISSqoNIRjrbu+l5ggw8owwum00ks1TTAZ4yHtWiqxoDrIZrdO0YlVBiiKlS1p0Ez9PZFhofVEhLZTYDPSi14u/ud1UxNdBRmTSWqoJPNFUcqRiVH+OBowRYnhE0swUczeisgIK0yMjadiQ/AXX14mrfOa79X8h4tq/bqIowxHcAyn4MMl1OEWGtAEAiN4hld4c4Tz4rw7H/PWklPMHMIfOJ8/+gONhg==</latexit><latexit sha1_base64="dAL6hRq0F1cXBlwea1ngffHHS6M=">AAAB63icbVBNS8NAEJ3Ur1q/oh69LBbBg5REBD0WvQgiVLAf0Iay2W7apbubsLsRSuhf8OJBEa/+IW/+GzdtDtr6YODx3gwz88KEM20879sprayurW+UNytb2zu7e+7+QUvHqSK0SWIeq06INeVM0qZhhtNOoigWIaftcHyT++0nqjSL5aOZJDQQeChZxAg2uXR3hu77btWreTOgZeIXpAoFGn33qzeISSqoNIRjrbu+l5ggw8owwum00ks1TTAZ4yHtWiqxoDrIZrdO0YlVBiiKlS1p0Ez9PZFhofVEhLZTYDPSi14u/ud1UxNdBRmTSWqoJPNFUcqRiVH+OBowRYnhE0swUczeisgIK0yMjadiQ/AXX14mrfOa79X8h4tq/bqIowxHcAyn4MMl1OEWGtAEAiN4hld4c4Tz4rw7H/PWklPMHMIfOJ8/+gONhg==</latexit><latexit sha1_base64="dAL6hRq0F1cXBlwea1ngffHHS6M=">AAAB63icbVBNS8NAEJ3Ur1q/oh69LBbBg5REBD0WvQgiVLAf0Iay2W7apbubsLsRSuhf8OJBEa/+IW/+GzdtDtr6YODx3gwz88KEM20879sprayurW+UNytb2zu7e+7+QUvHqSK0SWIeq06INeVM0qZhhtNOoigWIaftcHyT++0nqjSL5aOZJDQQeChZxAg2uXR3hu77btWreTOgZeIXpAoFGn33qzeISSqoNIRjrbu+l5ggw8owwum00ks1TTAZ4yHtWiqxoDrIZrdO0YlVBiiKlS1p0Ez9PZFhofVEhLZTYDPSi14u/ud1UxNdBRmTSWqoJPNFUcqRiVH+OBowRYnhE0swUczeisgIK0yMjadiQ/AXX14mrfOa79X8h4tq/bqIowxHcAyn4MMl1OEWGtAEAiN4hld4c4Tz4rw7H/PWklPMHMIfOJ8/+gONhg==</latexit>

K
<latexit sha1_base64="NrnJFnQip0mnCQuMQd53f76pYSs=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi+ClBfsBbSib7aRdu9mE3Y1QQn+BFw+KePUnefPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvp357SdUmsfywUwS9CM6lDzkjBorNe775Ypbdecgq8TLSQVy1Pvlr94gZmmE0jBBte56bmL8jCrDmcBpqZdqTCgb0yF2LZU0Qu1n80On5MwqAxLGypY0ZK7+nshopPUkCmxnRM1IL3sz8T+vm5rw2s+4TFKDki0WhakgJiazr8mAK2RGTCyhTHF7K2EjqigzNpuSDcFbfnmVtC6qnlv1GpeV2k0eRxFO4BTOwYMrqMEd1KEJDBCe4RXenEfnxXl3PhatBSefOYY/cD5/AKIFjM8=</latexit><latexit sha1_base64="NrnJFnQip0mnCQuMQd53f76pYSs=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi+ClBfsBbSib7aRdu9mE3Y1QQn+BFw+KePUnefPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvp357SdUmsfywUwS9CM6lDzkjBorNe775Ypbdecgq8TLSQVy1Pvlr94gZmmE0jBBte56bmL8jCrDmcBpqZdqTCgb0yF2LZU0Qu1n80On5MwqAxLGypY0ZK7+nshopPUkCmxnRM1IL3sz8T+vm5rw2s+4TFKDki0WhakgJiazr8mAK2RGTCyhTHF7K2EjqigzNpuSDcFbfnmVtC6qnlv1GpeV2k0eRxFO4BTOwYMrqMEd1KEJDBCe4RXenEfnxXl3PhatBSefOYY/cD5/AKIFjM8=</latexit><latexit sha1_base64="NrnJFnQip0mnCQuMQd53f76pYSs=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi+ClBfsBbSib7aRdu9mE3Y1QQn+BFw+KePUnefPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvp357SdUmsfywUwS9CM6lDzkjBorNe775Ypbdecgq8TLSQVy1Pvlr94gZmmE0jBBte56bmL8jCrDmcBpqZdqTCgb0yF2LZU0Qu1n80On5MwqAxLGypY0ZK7+nshopPUkCmxnRM1IL3sz8T+vm5rw2s+4TFKDki0WhakgJiazr8mAK2RGTCyhTHF7K2EjqigzNpuSDcFbfnmVtC6qnlv1GpeV2k0eRxFO4BTOwYMrqMEd1KEJDBCe4RXenEfnxXl3PhatBSefOYY/cD5/AKIFjM8=</latexit><latexit sha1_base64="NrnJFnQip0mnCQuMQd53f76pYSs=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi+ClBfsBbSib7aRdu9mE3Y1QQn+BFw+KePUnefPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvp357SdUmsfywUwS9CM6lDzkjBorNe775Ypbdecgq8TLSQVy1Pvlr94gZmmE0jBBte56bmL8jCrDmcBpqZdqTCgb0yF2LZU0Qu1n80On5MwqAxLGypY0ZK7+nshopPUkCmxnRM1IL3sz8T+vm5rw2s+4TFKDki0WhakgJiazr8mAK2RGTCyhTHF7K2EjqigzNpuSDcFbfnmVtC6qnlv1GpeV2k0eRxFO4BTOwYMrqMEd1KEJDBCe4RXenEfnxXl3PhatBSefOYY/cD5/AKIFjM8=</latexit>

S = K �M
<latexit sha1_base64="pYJ9naBIv/PD5hbfxp4o4uG9zuc=">AAAB9XicbVBNSwMxEJ2tX7V+VT16CRbBU9kVoV6EohdBhIr2A9q1ZNNsG5pNliSrlKX/w4sHRbz6X7z5b0zbPWjrg4HHezPMzAtizrRx3W8nt7S8srqWXy9sbG5t7xR39xpaJorQOpFcqlaANeVM0LphhtNWrCiOAk6bwfBy4jcfqdJMinsziqkf4b5gISPYWOnhDp2ja9SRMU80uukWS27ZnQItEi8jJchQ6xa/Oj1JkogKQzjWuu25sfFTrAwjnI4LnUTTGJMh7tO2pQJHVPvp9OoxOrJKD4VS2RIGTdXfEymOtB5Fge2MsBnoeW8i/ue1ExOe+SkTcWKoILNFYcKRkWgSAeoxRYnhI0swUczeisgAK0yMDapgQ/DmX14kjZOy55a929NS9SKLIw8HcAjH4EEFqnAFNagDAQXP8ApvzpPz4rw7H7PWnJPN7MMfOJ8/jPmRPQ==</latexit><latexit sha1_base64="pYJ9naBIv/PD5hbfxp4o4uG9zuc=">AAAB9XicbVBNSwMxEJ2tX7V+VT16CRbBU9kVoV6EohdBhIr2A9q1ZNNsG5pNliSrlKX/w4sHRbz6X7z5b0zbPWjrg4HHezPMzAtizrRx3W8nt7S8srqWXy9sbG5t7xR39xpaJorQOpFcqlaANeVM0LphhtNWrCiOAk6bwfBy4jcfqdJMinsziqkf4b5gISPYWOnhDp2ja9SRMU80uukWS27ZnQItEi8jJchQ6xa/Oj1JkogKQzjWuu25sfFTrAwjnI4LnUTTGJMh7tO2pQJHVPvp9OoxOrJKD4VS2RIGTdXfEymOtB5Fge2MsBnoeW8i/ue1ExOe+SkTcWKoILNFYcKRkWgSAeoxRYnhI0swUczeisgAK0yMDapgQ/DmX14kjZOy55a929NS9SKLIw8HcAjH4EEFqnAFNagDAQXP8ApvzpPz4rw7H7PWnJPN7MMfOJ8/jPmRPQ==</latexit><latexit sha1_base64="pYJ9naBIv/PD5hbfxp4o4uG9zuc=">AAAB9XicbVBNSwMxEJ2tX7V+VT16CRbBU9kVoV6EohdBhIr2A9q1ZNNsG5pNliSrlKX/w4sHRbz6X7z5b0zbPWjrg4HHezPMzAtizrRx3W8nt7S8srqWXy9sbG5t7xR39xpaJorQOpFcqlaANeVM0LphhtNWrCiOAk6bwfBy4jcfqdJMinsziqkf4b5gISPYWOnhDp2ja9SRMU80uukWS27ZnQItEi8jJchQ6xa/Oj1JkogKQzjWuu25sfFTrAwjnI4LnUTTGJMh7tO2pQJHVPvp9OoxOrJKD4VS2RIGTdXfEymOtB5Fge2MsBnoeW8i/ue1ExOe+SkTcWKoILNFYcKRkWgSAeoxRYnhI0swUczeisgAK0yMDapgQ/DmX14kjZOy55a929NS9SKLIw8HcAjH4EEFqnAFNagDAQXP8ApvzpPz4rw7H7PWnJPN7MMfOJ8/jPmRPQ==</latexit><latexit sha1_base64="pYJ9naBIv/PD5hbfxp4o4uG9zuc=">AAAB9XicbVBNSwMxEJ2tX7V+VT16CRbBU9kVoV6EohdBhIr2A9q1ZNNsG5pNliSrlKX/w4sHRbz6X7z5b0zbPWjrg4HHezPMzAtizrRx3W8nt7S8srqWXy9sbG5t7xR39xpaJorQOpFcqlaANeVM0LphhtNWrCiOAk6bwfBy4jcfqdJMinsziqkf4b5gISPYWOnhDp2ja9SRMU80uukWS27ZnQItEi8jJchQ6xa/Oj1JkogKQzjWuu25sfFTrAwjnI4LnUTTGJMh7tO2pQJHVPvp9OoxOrJKD4VS2RIGTdXfEymOtB5Fge2MsBnoeW8i/ue1ExOe+SkTcWKoILNFYcKRkWgSAeoxRYnhI0swUczeisgAK0yMDapgQ/DmX14kjZOy55a929NS9SKLIw8HcAjH4EEFqnAFNagDAQXP8ApvzpPz4rw7H7PWnJPN7MMfOJ8/jPmRPQ==</latexit>



One-time pad (OTP)

K,M
<latexit sha1_base64="dAL6hRq0F1cXBlwea1ngffHHS6M=">AAAB63icbVBNS8NAEJ3Ur1q/oh69LBbBg5REBD0WvQgiVLAf0Iay2W7apbubsLsRSuhf8OJBEa/+IW/+GzdtDtr6YODx3gwz88KEM20879sprayurW+UNytb2zu7e+7+QUvHqSK0SWIeq06INeVM0qZhhtNOoigWIaftcHyT++0nqjSL5aOZJDQQeChZxAg2uXR3hu77btWreTOgZeIXpAoFGn33qzeISSqoNIRjrbu+l5ggw8owwum00ks1TTAZ4yHtWiqxoDrIZrdO0YlVBiiKlS1p0Ez9PZFhofVEhLZTYDPSi14u/ud1UxNdBRmTSWqoJPNFUcqRiVH+OBowRYnhE0swUczeisgIK0yMjadiQ/AXX14mrfOa79X8h4tq/bqIowxHcAyn4MMl1OEWGtAEAiN4hld4c4Tz4rw7H/PWklPMHMIfOJ8/+gONhg==</latexit><latexit sha1_base64="dAL6hRq0F1cXBlwea1ngffHHS6M=">AAAB63icbVBNS8NAEJ3Ur1q/oh69LBbBg5REBD0WvQgiVLAf0Iay2W7apbubsLsRSuhf8OJBEa/+IW/+GzdtDtr6YODx3gwz88KEM20879sprayurW+UNytb2zu7e+7+QUvHqSK0SWIeq06INeVM0qZhhtNOoigWIaftcHyT++0nqjSL5aOZJDQQeChZxAg2uXR3hu77btWreTOgZeIXpAoFGn33qzeISSqoNIRjrbu+l5ggw8owwum00ks1TTAZ4yHtWiqxoDrIZrdO0YlVBiiKlS1p0Ez9PZFhofVEhLZTYDPSi14u/ud1UxNdBRmTSWqoJPNFUcqRiVH+OBowRYnhE0swUczeisgIK0yMjadiQ/AXX14mrfOa79X8h4tq/bqIowxHcAyn4MMl1OEWGtAEAiN4hld4c4Tz4rw7H/PWklPMHMIfOJ8/+gONhg==</latexit><latexit sha1_base64="dAL6hRq0F1cXBlwea1ngffHHS6M=">AAAB63icbVBNS8NAEJ3Ur1q/oh69LBbBg5REBD0WvQgiVLAf0Iay2W7apbubsLsRSuhf8OJBEa/+IW/+GzdtDtr6YODx3gwz88KEM20879sprayurW+UNytb2zu7e+7+QUvHqSK0SWIeq06INeVM0qZhhtNOoigWIaftcHyT++0nqjSL5aOZJDQQeChZxAg2uXR3hu77btWreTOgZeIXpAoFGn33qzeISSqoNIRjrbu+l5ggw8owwum00ks1TTAZ4yHtWiqxoDrIZrdO0YlVBiiKlS1p0Ez9PZFhofVEhLZTYDPSi14u/ud1UxNdBRmTSWqoJPNFUcqRiVH+OBowRYnhE0swUczeisgIK0yMjadiQ/AXX14mrfOa79X8h4tq/bqIowxHcAyn4MMl1OEWGtAEAiN4hld4c4Tz4rw7H/PWklPMHMIfOJ8/+gONhg==</latexit><latexit sha1_base64="dAL6hRq0F1cXBlwea1ngffHHS6M=">AAAB63icbVBNS8NAEJ3Ur1q/oh69LBbBg5REBD0WvQgiVLAf0Iay2W7apbubsLsRSuhf8OJBEa/+IW/+GzdtDtr6YODx3gwz88KEM20879sprayurW+UNytb2zu7e+7+QUvHqSK0SWIeq06INeVM0qZhhtNOoigWIaftcHyT++0nqjSL5aOZJDQQeChZxAg2uXR3hu77btWreTOgZeIXpAoFGn33qzeISSqoNIRjrbu+l5ggw8owwum00ks1TTAZ4yHtWiqxoDrIZrdO0YlVBiiKlS1p0Ez9PZFhofVEhLZTYDPSi14u/ud1UxNdBRmTSWqoJPNFUcqRiVH+OBowRYnhE0swUczeisgIK0yMjadiQ/AXX14mrfOa79X8h4tq/bqIowxHcAyn4MMl1OEWGtAEAiN4hld4c4Tz4rw7H/PWklPMHMIfOJ8/+gONhg==</latexit>

K
<latexit sha1_base64="NrnJFnQip0mnCQuMQd53f76pYSs=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi+ClBfsBbSib7aRdu9mE3Y1QQn+BFw+KePUnefPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvp357SdUmsfywUwS9CM6lDzkjBorNe775Ypbdecgq8TLSQVy1Pvlr94gZmmE0jBBte56bmL8jCrDmcBpqZdqTCgb0yF2LZU0Qu1n80On5MwqAxLGypY0ZK7+nshopPUkCmxnRM1IL3sz8T+vm5rw2s+4TFKDki0WhakgJiazr8mAK2RGTCyhTHF7K2EjqigzNpuSDcFbfnmVtC6qnlv1GpeV2k0eRxFO4BTOwYMrqMEd1KEJDBCe4RXenEfnxXl3PhatBSefOYY/cD5/AKIFjM8=</latexit><latexit sha1_base64="NrnJFnQip0mnCQuMQd53f76pYSs=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi+ClBfsBbSib7aRdu9mE3Y1QQn+BFw+KePUnefPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvp357SdUmsfywUwS9CM6lDzkjBorNe775Ypbdecgq8TLSQVy1Pvlr94gZmmE0jBBte56bmL8jCrDmcBpqZdqTCgb0yF2LZU0Qu1n80On5MwqAxLGypY0ZK7+nshopPUkCmxnRM1IL3sz8T+vm5rw2s+4TFKDki0WhakgJiazr8mAK2RGTCyhTHF7K2EjqigzNpuSDcFbfnmVtC6qnlv1GpeV2k0eRxFO4BTOwYMrqMEd1KEJDBCe4RXenEfnxXl3PhatBSefOYY/cD5/AKIFjM8=</latexit><latexit sha1_base64="NrnJFnQip0mnCQuMQd53f76pYSs=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi+ClBfsBbSib7aRdu9mE3Y1QQn+BFw+KePUnefPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvp357SdUmsfywUwS9CM6lDzkjBorNe775Ypbdecgq8TLSQVy1Pvlr94gZmmE0jBBte56bmL8jCrDmcBpqZdqTCgb0yF2LZU0Qu1n80On5MwqAxLGypY0ZK7+nshopPUkCmxnRM1IL3sz8T+vm5rw2s+4TFKDki0WhakgJiazr8mAK2RGTCyhTHF7K2EjqigzNpuSDcFbfnmVtC6qnlv1GpeV2k0eRxFO4BTOwYMrqMEd1KEJDBCe4RXenEfnxXl3PhatBSefOYY/cD5/AKIFjM8=</latexit><latexit sha1_base64="NrnJFnQip0mnCQuMQd53f76pYSs=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi+ClBfsBbSib7aRdu9mE3Y1QQn+BFw+KePUnefPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvp357SdUmsfywUwS9CM6lDzkjBorNe775Ypbdecgq8TLSQVy1Pvlr94gZmmE0jBBte56bmL8jCrDmcBpqZdqTCgb0yF2LZU0Qu1n80On5MwqAxLGypY0ZK7+nshopPUkCmxnRM1IL3sz8T+vm5rw2s+4TFKDki0WhakgJiazr8mAK2RGTCyhTHF7K2EjqigzNpuSDcFbfnmVtC6qnlv1GpeV2k0eRxFO4BTOwYMrqMEd1KEJDBCe4RXenEfnxXl3PhatBSefOYY/cD5/AKIFjM8=</latexit>

S �K = M
<latexit sha1_base64="WQblXzF4SJjamENuFLsaDnIBzps=">AAAB9XicbVBNSwMxEJ2tX7V+VT16CRbBU9kVoV6EohdBhIr2A9q1ZNNsG5pNliSrlKX/w4sHRbz6X7z5b0zbPWjrg4HHezPMzAtizrRx3W8nt7S8srqWXy9sbG5t7xR39xpaJorQOpFcqlaANeVM0LphhtNWrCiOAk6bwfBy4jcfqdJMinsziqkf4b5gISPYWOnhDnVkzBONrtE5uukWS27ZnQItEi8jJchQ6xa/Oj1JkogKQzjWuu25sfFTrAwjnI4LnUTTGJMh7tO2pQJHVPvp9OoxOrJKD4VS2RIGTdXfEymOtB5Fge2MsBnoeW8i/ue1ExOe+SkTcWKoILNFYcKRkWgSAeoxRYnhI0swUczeisgAK0yMDapgQ/DmX14kjZOy55a929NS9SKLIw8HcAjH4EEFqnAFNagDAQXP8ApvzpPz4rw7H7PWnJPN7MMfOJ8/klmRPQ==</latexit><latexit sha1_base64="WQblXzF4SJjamENuFLsaDnIBzps=">AAAB9XicbVBNSwMxEJ2tX7V+VT16CRbBU9kVoV6EohdBhIr2A9q1ZNNsG5pNliSrlKX/w4sHRbz6X7z5b0zbPWjrg4HHezPMzAtizrRx3W8nt7S8srqWXy9sbG5t7xR39xpaJorQOpFcqlaANeVM0LphhtNWrCiOAk6bwfBy4jcfqdJMinsziqkf4b5gISPYWOnhDnVkzBONrtE5uukWS27ZnQItEi8jJchQ6xa/Oj1JkogKQzjWuu25sfFTrAwjnI4LnUTTGJMh7tO2pQJHVPvp9OoxOrJKD4VS2RIGTdXfEymOtB5Fge2MsBnoeW8i/ue1ExOe+SkTcWKoILNFYcKRkWgSAeoxRYnhI0swUczeisgAK0yMDapgQ/DmX14kjZOy55a929NS9SKLIw8HcAjH4EEFqnAFNagDAQXP8ApvzpPz4rw7H7PWnJPN7MMfOJ8/klmRPQ==</latexit><latexit sha1_base64="WQblXzF4SJjamENuFLsaDnIBzps=">AAAB9XicbVBNSwMxEJ2tX7V+VT16CRbBU9kVoV6EohdBhIr2A9q1ZNNsG5pNliSrlKX/w4sHRbz6X7z5b0zbPWjrg4HHezPMzAtizrRx3W8nt7S8srqWXy9sbG5t7xR39xpaJorQOpFcqlaANeVM0LphhtNWrCiOAk6bwfBy4jcfqdJMinsziqkf4b5gISPYWOnhDnVkzBONrtE5uukWS27ZnQItEi8jJchQ6xa/Oj1JkogKQzjWuu25sfFTrAwjnI4LnUTTGJMh7tO2pQJHVPvp9OoxOrJKD4VS2RIGTdXfEymOtB5Fge2MsBnoeW8i/ue1ExOe+SkTcWKoILNFYcKRkWgSAeoxRYnhI0swUczeisgAK0yMDapgQ/DmX14kjZOy55a929NS9SKLIw8HcAjH4EEFqnAFNagDAQXP8ApvzpPz4rw7H7PWnJPN7MMfOJ8/klmRPQ==</latexit><latexit sha1_base64="WQblXzF4SJjamENuFLsaDnIBzps=">AAAB9XicbVBNSwMxEJ2tX7V+VT16CRbBU9kVoV6EohdBhIr2A9q1ZNNsG5pNliSrlKX/w4sHRbz6X7z5b0zbPWjrg4HHezPMzAtizrRx3W8nt7S8srqWXy9sbG5t7xR39xpaJorQOpFcqlaANeVM0LphhtNWrCiOAk6bwfBy4jcfqdJMinsziqkf4b5gISPYWOnhDnVkzBONrtE5uukWS27ZnQItEi8jJchQ6xa/Oj1JkogKQzjWuu25sfFTrAwjnI4LnUTTGJMh7tO2pQJHVPvp9OoxOrJKD4VS2RIGTdXfEymOtB5Fge2MsBnoeW8i/ue1ExOe+SkTcWKoILNFYcKRkWgSAeoxRYnhI0swUczeisgAK0yMDapgQ/DmX14kjZOy55a929NS9SKLIw8HcAjH4EEFqnAFNagDAQXP8ApvzpPz4rw7H7PWnJPN7MMfOJ8/klmRPQ==</latexit>



One-time pad (OTP)

M
<latexit sha1_base64="dUsH+zrMWrX3s/zoldid+dmUmUM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRixehBfsBbSib7aRdu9mE3Y1QQn+BFw+KePUnefPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvp357SdUmsfywUwS9CM6lDzkjBorNe775Ypbdecgq8TLSQVy1Pvlr94gZmmE0jBBte56bmL8jCrDmcBpqZdqTCgb0yF2LZU0Qu1n80On5MwqAxLGypY0ZK7+nshopPUkCmxnRM1IL3sz8T+vm5rw2s+4TFKDki0WhakgJiazr8mAK2RGTCyhTHF7K2EjqigzNpuSDcFbfnmVtC6qnlv1GpeV2k0eRxFO4BTOwYMrqMEd1KEJDBCe4RXenEfnxXl3PhatBSefOYY/cD5/AKUNjNE=</latexit><latexit sha1_base64="dUsH+zrMWrX3s/zoldid+dmUmUM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRixehBfsBbSib7aRdu9mE3Y1QQn+BFw+KePUnefPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvp357SdUmsfywUwS9CM6lDzkjBorNe775Ypbdecgq8TLSQVy1Pvlr94gZmmE0jBBte56bmL8jCrDmcBpqZdqTCgb0yF2LZU0Qu1n80On5MwqAxLGypY0ZK7+nshopPUkCmxnRM1IL3sz8T+vm5rw2s+4TFKDki0WhakgJiazr8mAK2RGTCyhTHF7K2EjqigzNpuSDcFbfnmVtC6qnlv1GpeV2k0eRxFO4BTOwYMrqMEd1KEJDBCe4RXenEfnxXl3PhatBSefOYY/cD5/AKUNjNE=</latexit><latexit sha1_base64="dUsH+zrMWrX3s/zoldid+dmUmUM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRixehBfsBbSib7aRdu9mE3Y1QQn+BFw+KePUnefPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvp357SdUmsfywUwS9CM6lDzkjBorNe775Ypbdecgq8TLSQVy1Pvlr94gZmmE0jBBte56bmL8jCrDmcBpqZdqTCgb0yF2LZU0Qu1n80On5MwqAxLGypY0ZK7+nshopPUkCmxnRM1IL3sz8T+vm5rw2s+4TFKDki0WhakgJiazr8mAK2RGTCyhTHF7K2EjqigzNpuSDcFbfnmVtC6qnlv1GpeV2k0eRxFO4BTOwYMrqMEd1KEJDBCe4RXenEfnxXl3PhatBSefOYY/cD5/AKUNjNE=</latexit><latexit sha1_base64="dUsH+zrMWrX3s/zoldid+dmUmUM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRixehBfsBbSib7aRdu9mE3Y1QQn+BFw+KePUnefPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvp357SdUmsfywUwS9CM6lDzkjBorNe775Ypbdecgq8TLSQVy1Pvlr94gZmmE0jBBte56bmL8jCrDmcBpqZdqTCgb0yF2LZU0Qu1n80On5MwqAxLGypY0ZK7+nshopPUkCmxnRM1IL3sz8T+vm5rw2s+4TFKDki0WhakgJiazr8mAK2RGTCyhTHF7K2EjqigzNpuSDcFbfnmVtC6qnlv1GpeV2k0eRxFO4BTOwYMrqMEd1KEJDBCe4RXenEfnxXl3PhatBSefOYY/cD5/AKUNjNE=</latexit>



One-time pad (OTP)

M
<latexit sha1_base64="dUsH+zrMWrX3s/zoldid+dmUmUM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRixehBfsBbSib7aRdu9mE3Y1QQn+BFw+KePUnefPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvp357SdUmsfywUwS9CM6lDzkjBorNe775Ypbdecgq8TLSQVy1Pvlr94gZmmE0jBBte56bmL8jCrDmcBpqZdqTCgb0yF2LZU0Qu1n80On5MwqAxLGypY0ZK7+nshopPUkCmxnRM1IL3sz8T+vm5rw2s+4TFKDki0WhakgJiazr8mAK2RGTCyhTHF7K2EjqigzNpuSDcFbfnmVtC6qnlv1GpeV2k0eRxFO4BTOwYMrqMEd1KEJDBCe4RXenEfnxXl3PhatBSefOYY/cD5/AKUNjNE=</latexit><latexit sha1_base64="dUsH+zrMWrX3s/zoldid+dmUmUM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRixehBfsBbSib7aRdu9mE3Y1QQn+BFw+KePUnefPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvp357SdUmsfywUwS9CM6lDzkjBorNe775Ypbdecgq8TLSQVy1Pvlr94gZmmE0jBBte56bmL8jCrDmcBpqZdqTCgb0yF2LZU0Qu1n80On5MwqAxLGypY0ZK7+nshopPUkCmxnRM1IL3sz8T+vm5rw2s+4TFKDki0WhakgJiazr8mAK2RGTCyhTHF7K2EjqigzNpuSDcFbfnmVtC6qnlv1GpeV2k0eRxFO4BTOwYMrqMEd1KEJDBCe4RXenEfnxXl3PhatBSefOYY/cD5/AKUNjNE=</latexit><latexit sha1_base64="dUsH+zrMWrX3s/zoldid+dmUmUM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRixehBfsBbSib7aRdu9mE3Y1QQn+BFw+KePUnefPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvp357SdUmsfywUwS9CM6lDzkjBorNe775Ypbdecgq8TLSQVy1Pvlr94gZmmE0jBBte56bmL8jCrDmcBpqZdqTCgb0yF2LZU0Qu1n80On5MwqAxLGypY0ZK7+nshopPUkCmxnRM1IL3sz8T+vm5rw2s+4TFKDki0WhakgJiazr8mAK2RGTCyhTHF7K2EjqigzNpuSDcFbfnmVtC6qnlv1GpeV2k0eRxFO4BTOwYMrqMEd1KEJDBCe4RXenEfnxXl3PhatBSefOYY/cD5/AKUNjNE=</latexit><latexit sha1_base64="dUsH+zrMWrX3s/zoldid+dmUmUM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRixehBfsBbSib7aRdu9mE3Y1QQn+BFw+KePUnefPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvp357SdUmsfywUwS9CM6lDzkjBorNe775Ypbdecgq8TLSQVy1Pvlr94gZmmE0jBBte56bmL8jCrDmcBpqZdqTCgb0yF2LZU0Qu1n80On5MwqAxLGypY0ZK7+nshopPUkCmxnRM1IL3sz8T+vm5rw2s+4TFKDki0WhakgJiazr8mAK2RGTCyhTHF7K2EjqigzNpuSDcFbfnmVtC6qnlv1GpeV2k0eRxFO4BTOwYMrqMEd1KEJDBCe4RXenEfnxXl3PhatBSefOYY/cD5/AKUNjNE=</latexit>

K
<latexit sha1_base64="NrnJFnQip0mnCQuMQd53f76pYSs=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi+ClBfsBbSib7aRdu9mE3Y1QQn+BFw+KePUnefPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvp357SdUmsfywUwS9CM6lDzkjBorNe775Ypbdecgq8TLSQVy1Pvlr94gZmmE0jBBte56bmL8jCrDmcBpqZdqTCgb0yF2LZU0Qu1n80On5MwqAxLGypY0ZK7+nshopPUkCmxnRM1IL3sz8T+vm5rw2s+4TFKDki0WhakgJiazr8mAK2RGTCyhTHF7K2EjqigzNpuSDcFbfnmVtC6qnlv1GpeV2k0eRxFO4BTOwYMrqMEd1KEJDBCe4RXenEfnxXl3PhatBSefOYY/cD5/AKIFjM8=</latexit><latexit sha1_base64="NrnJFnQip0mnCQuMQd53f76pYSs=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi+ClBfsBbSib7aRdu9mE3Y1QQn+BFw+KePUnefPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvp357SdUmsfywUwS9CM6lDzkjBorNe775Ypbdecgq8TLSQVy1Pvlr94gZmmE0jBBte56bmL8jCrDmcBpqZdqTCgb0yF2LZU0Qu1n80On5MwqAxLGypY0ZK7+nshopPUkCmxnRM1IL3sz8T+vm5rw2s+4TFKDki0WhakgJiazr8mAK2RGTCyhTHF7K2EjqigzNpuSDcFbfnmVtC6qnlv1GpeV2k0eRxFO4BTOwYMrqMEd1KEJDBCe4RXenEfnxXl3PhatBSefOYY/cD5/AKIFjM8=</latexit><latexit sha1_base64="NrnJFnQip0mnCQuMQd53f76pYSs=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi+ClBfsBbSib7aRdu9mE3Y1QQn+BFw+KePUnefPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvp357SdUmsfywUwS9CM6lDzkjBorNe775Ypbdecgq8TLSQVy1Pvlr94gZmmE0jBBte56bmL8jCrDmcBpqZdqTCgb0yF2LZU0Qu1n80On5MwqAxLGypY0ZK7+nshopPUkCmxnRM1IL3sz8T+vm5rw2s+4TFKDki0WhakgJiazr8mAK2RGTCyhTHF7K2EjqigzNpuSDcFbfnmVtC6qnlv1GpeV2k0eRxFO4BTOwYMrqMEd1KEJDBCe4RXenEfnxXl3PhatBSefOYY/cD5/AKIFjM8=</latexit><latexit sha1_base64="NrnJFnQip0mnCQuMQd53f76pYSs=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi+ClBfsBbSib7aRdu9mE3Y1QQn+BFw+KePUnefPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvp357SdUmsfywUwS9CM6lDzkjBorNe775Ypbdecgq8TLSQVy1Pvlr94gZmmE0jBBte56bmL8jCrDmcBpqZdqTCgb0yF2LZU0Qu1n80On5MwqAxLGypY0ZK7+nshopPUkCmxnRM1IL3sz8T+vm5rw2s+4TFKDki0WhakgJiazr8mAK2RGTCyhTHF7K2EjqigzNpuSDcFbfnmVtC6qnlv1GpeV2k0eRxFO4BTOwYMrqMEd1KEJDBCe4RXenEfnxXl3PhatBSefOYY/cD5/AKIFjM8=</latexit>

�
<latexit sha1_base64="N4ztu7rA6GcWPA6nADZ8tMOcvqE=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOZpMxszPLTK8QQv7BiwdFvPo/3vwbJ8keNLGgoajqprsrSqWw6PvfXmFtfWNzq7hd2tnd2z8oHx41rc4M4w2mpTbtiFouheINFCh5OzWcJpHkrWh0O/NbT9xYodUDjlMeJnSgRCwYRSc1uzqVme2VK37Vn4OskiAnFchR75W/un3NsoQrZJJa2wn8FMMJNSiY5NNSN7M8pWxEB7zjqKIJt+Fkfu2UnDmlT2JtXCkkc/X3xIQm1o6TyHUmFId22ZuJ/3mdDOPrcCJUmiFXbLEoziRBTWavk74wnKEcO0KZEe5WwobUUIYuoJILIVh+eZU0L6qBXw3uLyu1mzyOIpzAKZxDAFdQgzuoQwMYPMIzvMKbp70X7937WLQWvHzmGP7A+/wBz/6PRQ==</latexit><latexit sha1_base64="N4ztu7rA6GcWPA6nADZ8tMOcvqE=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOZpMxszPLTK8QQv7BiwdFvPo/3vwbJ8keNLGgoajqprsrSqWw6PvfXmFtfWNzq7hd2tnd2z8oHx41rc4M4w2mpTbtiFouheINFCh5OzWcJpHkrWh0O/NbT9xYodUDjlMeJnSgRCwYRSc1uzqVme2VK37Vn4OskiAnFchR75W/un3NsoQrZJJa2wn8FMMJNSiY5NNSN7M8pWxEB7zjqKIJt+Fkfu2UnDmlT2JtXCkkc/X3xIQm1o6TyHUmFId22ZuJ/3mdDOPrcCJUmiFXbLEoziRBTWavk74wnKEcO0KZEe5WwobUUIYuoJILIVh+eZU0L6qBXw3uLyu1mzyOIpzAKZxDAFdQgzuoQwMYPMIzvMKbp70X7937WLQWvHzmGP7A+/wBz/6PRQ==</latexit><latexit sha1_base64="N4ztu7rA6GcWPA6nADZ8tMOcvqE=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOZpMxszPLTK8QQv7BiwdFvPo/3vwbJ8keNLGgoajqprsrSqWw6PvfXmFtfWNzq7hd2tnd2z8oHx41rc4M4w2mpTbtiFouheINFCh5OzWcJpHkrWh0O/NbT9xYodUDjlMeJnSgRCwYRSc1uzqVme2VK37Vn4OskiAnFchR75W/un3NsoQrZJJa2wn8FMMJNSiY5NNSN7M8pWxEB7zjqKIJt+Fkfu2UnDmlT2JtXCkkc/X3xIQm1o6TyHUmFId22ZuJ/3mdDOPrcCJUmiFXbLEoziRBTWavk74wnKEcO0KZEe5WwobUUIYuoJILIVh+eZU0L6qBXw3uLyu1mzyOIpzAKZxDAFdQgzuoQwMYPMIzvMKbp70X7937WLQWvHzmGP7A+/wBz/6PRQ==</latexit><latexit sha1_base64="N4ztu7rA6GcWPA6nADZ8tMOcvqE=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOZpMxszPLTK8QQv7BiwdFvPo/3vwbJ8keNLGgoajqprsrSqWw6PvfXmFtfWNzq7hd2tnd2z8oHx41rc4M4w2mpTbtiFouheINFCh5OzWcJpHkrWh0O/NbT9xYodUDjlMeJnSgRCwYRSc1uzqVme2VK37Vn4OskiAnFchR75W/un3NsoQrZJJa2wn8FMMJNSiY5NNSN7M8pWxEB7zjqKIJt+Fkfu2UnDmlT2JtXCkkc/X3xIQm1o6TyHUmFId22ZuJ/3mdDOPrcCJUmiFXbLEoziRBTWavk74wnKEcO0KZEe5WwobUUIYuoJILIVh+eZU0L6qBXw3uLyu1mzyOIpzAKZxDAFdQgzuoQwMYPMIzvMKbp70X7937WLQWvHzmGP7A+/wBz/6PRQ==</latexit>



One-time pad (OTP)

M
<latexit sha1_base64="dUsH+zrMWrX3s/zoldid+dmUmUM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRixehBfsBbSib7aRdu9mE3Y1QQn+BFw+KePUnefPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvp357SdUmsfywUwS9CM6lDzkjBorNe775Ypbdecgq8TLSQVy1Pvlr94gZmmE0jBBte56bmL8jCrDmcBpqZdqTCgb0yF2LZU0Qu1n80On5MwqAxLGypY0ZK7+nshopPUkCmxnRM1IL3sz8T+vm5rw2s+4TFKDki0WhakgJiazr8mAK2RGTCyhTHF7K2EjqigzNpuSDcFbfnmVtC6qnlv1GpeV2k0eRxFO4BTOwYMrqMEd1KEJDBCe4RXenEfnxXl3PhatBSefOYY/cD5/AKUNjNE=</latexit><latexit sha1_base64="dUsH+zrMWrX3s/zoldid+dmUmUM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRixehBfsBbSib7aRdu9mE3Y1QQn+BFw+KePUnefPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvp357SdUmsfywUwS9CM6lDzkjBorNe775Ypbdecgq8TLSQVy1Pvlr94gZmmE0jBBte56bmL8jCrDmcBpqZdqTCgb0yF2LZU0Qu1n80On5MwqAxLGypY0ZK7+nshopPUkCmxnRM1IL3sz8T+vm5rw2s+4TFKDki0WhakgJiazr8mAK2RGTCyhTHF7K2EjqigzNpuSDcFbfnmVtC6qnlv1GpeV2k0eRxFO4BTOwYMrqMEd1KEJDBCe4RXenEfnxXl3PhatBSefOYY/cD5/AKUNjNE=</latexit><latexit sha1_base64="dUsH+zrMWrX3s/zoldid+dmUmUM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRixehBfsBbSib7aRdu9mE3Y1QQn+BFw+KePUnefPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvp357SdUmsfywUwS9CM6lDzkjBorNe775Ypbdecgq8TLSQVy1Pvlr94gZmmE0jBBte56bmL8jCrDmcBpqZdqTCgb0yF2LZU0Qu1n80On5MwqAxLGypY0ZK7+nshopPUkCmxnRM1IL3sz8T+vm5rw2s+4TFKDki0WhakgJiazr8mAK2RGTCyhTHF7K2EjqigzNpuSDcFbfnmVtC6qnlv1GpeV2k0eRxFO4BTOwYMrqMEd1KEJDBCe4RXenEfnxXl3PhatBSefOYY/cD5/AKUNjNE=</latexit><latexit sha1_base64="dUsH+zrMWrX3s/zoldid+dmUmUM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRixehBfsBbSib7aRdu9mE3Y1QQn+BFw+KePUnefPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvp357SdUmsfywUwS9CM6lDzkjBorNe775Ypbdecgq8TLSQVy1Pvlr94gZmmE0jBBte56bmL8jCrDmcBpqZdqTCgb0yF2LZU0Qu1n80On5MwqAxLGypY0ZK7+nshopPUkCmxnRM1IL3sz8T+vm5rw2s+4TFKDki0WhakgJiazr8mAK2RGTCyhTHF7K2EjqigzNpuSDcFbfnmVtC6qnlv1GpeV2k0eRxFO4BTOwYMrqMEd1KEJDBCe4RXenEfnxXl3PhatBSefOYY/cD5/AKUNjNE=</latexit>

K
<latexit sha1_base64="NrnJFnQip0mnCQuMQd53f76pYSs=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi+ClBfsBbSib7aRdu9mE3Y1QQn+BFw+KePUnefPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvp357SdUmsfywUwS9CM6lDzkjBorNe775Ypbdecgq8TLSQVy1Pvlr94gZmmE0jBBte56bmL8jCrDmcBpqZdqTCgb0yF2LZU0Qu1n80On5MwqAxLGypY0ZK7+nshopPUkCmxnRM1IL3sz8T+vm5rw2s+4TFKDki0WhakgJiazr8mAK2RGTCyhTHF7K2EjqigzNpuSDcFbfnmVtC6qnlv1GpeV2k0eRxFO4BTOwYMrqMEd1KEJDBCe4RXenEfnxXl3PhatBSefOYY/cD5/AKIFjM8=</latexit><latexit sha1_base64="NrnJFnQip0mnCQuMQd53f76pYSs=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi+ClBfsBbSib7aRdu9mE3Y1QQn+BFw+KePUnefPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvp357SdUmsfywUwS9CM6lDzkjBorNe775Ypbdecgq8TLSQVy1Pvlr94gZmmE0jBBte56bmL8jCrDmcBpqZdqTCgb0yF2LZU0Qu1n80On5MwqAxLGypY0ZK7+nshopPUkCmxnRM1IL3sz8T+vm5rw2s+4TFKDki0WhakgJiazr8mAK2RGTCyhTHF7K2EjqigzNpuSDcFbfnmVtC6qnlv1GpeV2k0eRxFO4BTOwYMrqMEd1KEJDBCe4RXenEfnxXl3PhatBSefOYY/cD5/AKIFjM8=</latexit><latexit sha1_base64="NrnJFnQip0mnCQuMQd53f76pYSs=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi+ClBfsBbSib7aRdu9mE3Y1QQn+BFw+KePUnefPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvp357SdUmsfywUwS9CM6lDzkjBorNe775Ypbdecgq8TLSQVy1Pvlr94gZmmE0jBBte56bmL8jCrDmcBpqZdqTCgb0yF2LZU0Qu1n80On5MwqAxLGypY0ZK7+nshopPUkCmxnRM1IL3sz8T+vm5rw2s+4TFKDki0WhakgJiazr8mAK2RGTCyhTHF7K2EjqigzNpuSDcFbfnmVtC6qnlv1GpeV2k0eRxFO4BTOwYMrqMEd1KEJDBCe4RXenEfnxXl3PhatBSefOYY/cD5/AKIFjM8=</latexit><latexit sha1_base64="NrnJFnQip0mnCQuMQd53f76pYSs=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi+ClBfsBbSib7aRdu9mE3Y1QQn+BFw+KePUnefPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvp357SdUmsfywUwS9CM6lDzkjBorNe775Ypbdecgq8TLSQVy1Pvlr94gZmmE0jBBte56bmL8jCrDmcBpqZdqTCgb0yF2LZU0Qu1n80On5MwqAxLGypY0ZK7+nshopPUkCmxnRM1IL3sz8T+vm5rw2s+4TFKDki0WhakgJiazr8mAK2RGTCyhTHF7K2EjqigzNpuSDcFbfnmVtC6qnlv1GpeV2k0eRxFO4BTOwYMrqMEd1KEJDBCe4RXenEfnxXl3PhatBSefOYY/cD5/AKIFjM8=</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>

�
<latexit sha1_base64="N4ztu7rA6GcWPA6nADZ8tMOcvqE=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOZpMxszPLTK8QQv7BiwdFvPo/3vwbJ8keNLGgoajqprsrSqWw6PvfXmFtfWNzq7hd2tnd2z8oHx41rc4M4w2mpTbtiFouheINFCh5OzWcJpHkrWh0O/NbT9xYodUDjlMeJnSgRCwYRSc1uzqVme2VK37Vn4OskiAnFchR75W/un3NsoQrZJJa2wn8FMMJNSiY5NNSN7M8pWxEB7zjqKIJt+Fkfu2UnDmlT2JtXCkkc/X3xIQm1o6TyHUmFId22ZuJ/3mdDOPrcCJUmiFXbLEoziRBTWavk74wnKEcO0KZEe5WwobUUIYuoJILIVh+eZU0L6qBXw3uLyu1mzyOIpzAKZxDAFdQgzuoQwMYPMIzvMKbp70X7937WLQWvHzmGP7A+/wBz/6PRQ==</latexit><latexit sha1_base64="N4ztu7rA6GcWPA6nADZ8tMOcvqE=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOZpMxszPLTK8QQv7BiwdFvPo/3vwbJ8keNLGgoajqprsrSqWw6PvfXmFtfWNzq7hd2tnd2z8oHx41rc4M4w2mpTbtiFouheINFCh5OzWcJpHkrWh0O/NbT9xYodUDjlMeJnSgRCwYRSc1uzqVme2VK37Vn4OskiAnFchR75W/un3NsoQrZJJa2wn8FMMJNSiY5NNSN7M8pWxEB7zjqKIJt+Fkfu2UnDmlT2JtXCkkc/X3xIQm1o6TyHUmFId22ZuJ/3mdDOPrcCJUmiFXbLEoziRBTWavk74wnKEcO0KZEe5WwobUUIYuoJILIVh+eZU0L6qBXw3uLyu1mzyOIpzAKZxDAFdQgzuoQwMYPMIzvMKbp70X7937WLQWvHzmGP7A+/wBz/6PRQ==</latexit><latexit sha1_base64="N4ztu7rA6GcWPA6nADZ8tMOcvqE=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOZpMxszPLTK8QQv7BiwdFvPo/3vwbJ8keNLGgoajqprsrSqWw6PvfXmFtfWNzq7hd2tnd2z8oHx41rc4M4w2mpTbtiFouheINFCh5OzWcJpHkrWh0O/NbT9xYodUDjlMeJnSgRCwYRSc1uzqVme2VK37Vn4OskiAnFchR75W/un3NsoQrZJJa2wn8FMMJNSiY5NNSN7M8pWxEB7zjqKIJt+Fkfu2UnDmlT2JtXCkkc/X3xIQm1o6TyHUmFId22ZuJ/3mdDOPrcCJUmiFXbLEoziRBTWavk74wnKEcO0KZEe5WwobUUIYuoJILIVh+eZU0L6qBXw3uLyu1mzyOIpzAKZxDAFdQgzuoQwMYPMIzvMKbp70X7937WLQWvHzmGP7A+/wBz/6PRQ==</latexit><latexit sha1_base64="N4ztu7rA6GcWPA6nADZ8tMOcvqE=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOZpMxszPLTK8QQv7BiwdFvPo/3vwbJ8keNLGgoajqprsrSqWw6PvfXmFtfWNzq7hd2tnd2z8oHx41rc4M4w2mpTbtiFouheINFCh5OzWcJpHkrWh0O/NbT9xYodUDjlMeJnSgRCwYRSc1uzqVme2VK37Vn4OskiAnFchR75W/un3NsoQrZJJa2wn8FMMJNSiY5NNSN7M8pWxEB7zjqKIJt+Fkfu2UnDmlT2JtXCkkc/X3xIQm1o6TyHUmFId22ZuJ/3mdDOPrcCJUmiFXbLEoziRBTWavk74wnKEcO0KZEe5WwobUUIYuoJILIVh+eZU0L6qBXw3uLyu1mzyOIpzAKZxDAFdQgzuoQwMYPMIzvMKbp70X7937WLQWvHzmGP7A+/wBz/6PRQ==</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="dUsH+zrMWrX3s/zoldid+dmUmUM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRixehBfsBbSib7aRdu9mE3Y1QQn+BFw+KePUnefPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvp357SdUmsfywUwS9CM6lDzkjBorNe775Ypbdecgq8TLSQVy1Pvlr94gZmmE0jBBte56bmL8jCrDmcBpqZdqTCgb0yF2LZU0Qu1n80On5MwqAxLGypY0ZK7+nshopPUkCmxnRM1IL3sz8T+vm5rw2s+4TFKDki0WhakgJiazr8mAK2RGTCyhTHF7K2EjqigzNpuSDcFbfnmVtC6qnlv1GpeV2k0eRxFO4BTOwYMrqMEd1KEJDBCe4RXenEfnxXl3PhatBSefOYY/cD5/AKUNjNE=</latexit><latexit sha1_base64="dUsH+zrMWrX3s/zoldid+dmUmUM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRixehBfsBbSib7aRdu9mE3Y1QQn+BFw+KePUnefPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvp357SdUmsfywUwS9CM6lDzkjBorNe775Ypbdecgq8TLSQVy1Pvlr94gZmmE0jBBte56bmL8jCrDmcBpqZdqTCgb0yF2LZU0Qu1n80On5MwqAxLGypY0ZK7+nshopPUkCmxnRM1IL3sz8T+vm5rw2s+4TFKDki0WhakgJiazr8mAK2RGTCyhTHF7K2EjqigzNpuSDcFbfnmVtC6qnlv1GpeV2k0eRxFO4BTOwYMrqMEd1KEJDBCe4RXenEfnxXl3PhatBSefOYY/cD5/AKUNjNE=</latexit><latexit sha1_base64="dUsH+zrMWrX3s/zoldid+dmUmUM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRixehBfsBbSib7aRdu9mE3Y1QQn+BFw+KePUnefPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvp357SdUmsfywUwS9CM6lDzkjBorNe775Ypbdecgq8TLSQVy1Pvlr94gZmmE0jBBte56bmL8jCrDmcBpqZdqTCgb0yF2LZU0Qu1n80On5MwqAxLGypY0ZK7+nshopPUkCmxnRM1IL3sz8T+vm5rw2s+4TFKDki0WhakgJiazr8mAK2RGTCyhTHF7K2EjqigzNpuSDcFbfnmVtC6qnlv1GpeV2k0eRxFO4BTOwYMrqMEd1KEJDBCe4RXenEfnxXl3PhatBSefOYY/cD5/AKUNjNE=</latexit><latexit sha1_base64="dUsH+zrMWrX3s/zoldid+dmUmUM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRixehBfsBbSib7aRdu9mE3Y1QQn+BFw+KePUnefPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvp357SdUmsfywUwS9CM6lDzkjBorNe775Ypbdecgq8TLSQVy1Pvlr94gZmmE0jBBte56bmL8jCrDmcBpqZdqTCgb0yF2LZU0Qu1n80On5MwqAxLGypY0ZK7+nshopPUkCmxnRM1IL3sz8T+vm5rw2s+4TFKDki0WhakgJiazr8mAK2RGTCyhTHF7K2EjqigzNpuSDcFbfnmVtC6qnlv1GpeV2k0eRxFO4BTOwYMrqMEd1KEJDBCe4RXenEfnxXl3PhatBSefOYY/cD5/AKUNjNE=</latexit>

M
<latexit sha1_base64="dUsH+zrMWrX3s/zoldid+dmUmUM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRixehBfsBbSib7aRdu9mE3Y1QQn+BFw+KePUnefPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvp357SdUmsfywUwS9CM6lDzkjBorNe775Ypbdecgq8TLSQVy1Pvlr94gZmmE0jBBte56bmL8jCrDmcBpqZdqTCgb0yF2LZU0Qu1n80On5MwqAxLGypY0ZK7+nshopPUkCmxnRM1IL3sz8T+vm5rw2s+4TFKDki0WhakgJiazr8mAK2RGTCyhTHF7K2EjqigzNpuSDcFbfnmVtC6qnlv1GpeV2k0eRxFO4BTOwYMrqMEd1KEJDBCe4RXenEfnxXl3PhatBSefOYY/cD5/AKUNjNE=</latexit><latexit sha1_base64="dUsH+zrMWrX3s/zoldid+dmUmUM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRixehBfsBbSib7aRdu9mE3Y1QQn+BFw+KePUnefPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvp357SdUmsfywUwS9CM6lDzkjBorNe775Ypbdecgq8TLSQVy1Pvlr94gZmmE0jBBte56bmL8jCrDmcBpqZdqTCgb0yF2LZU0Qu1n80On5MwqAxLGypY0ZK7+nshopPUkCmxnRM1IL3sz8T+vm5rw2s+4TFKDki0WhakgJiazr8mAK2RGTCyhTHF7K2EjqigzNpuSDcFbfnmVtC6qnlv1GpeV2k0eRxFO4BTOwYMrqMEd1KEJDBCe4RXenEfnxXl3PhatBSefOYY/cD5/AKUNjNE=</latexit><latexit sha1_base64="dUsH+zrMWrX3s/zoldid+dmUmUM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRixehBfsBbSib7aRdu9mE3Y1QQn+BFw+KePUnefPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvp357SdUmsfywUwS9CM6lDzkjBorNe775Ypbdecgq8TLSQVy1Pvlr94gZmmE0jBBte56bmL8jCrDmcBpqZdqTCgb0yF2LZU0Qu1n80On5MwqAxLGypY0ZK7+nshopPUkCmxnRM1IL3sz8T+vm5rw2s+4TFKDki0WhakgJiazr8mAK2RGTCyhTHF7K2EjqigzNpuSDcFbfnmVtC6qnlv1GpeV2k0eRxFO4BTOwYMrqMEd1KEJDBCe4RXenEfnxXl3PhatBSefOYY/cD5/AKUNjNE=</latexit><latexit sha1_base64="dUsH+zrMWrX3s/zoldid+dmUmUM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRixehBfsBbSib7aRdu9mE3Y1QQn+BFw+KePUnefPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvp357SdUmsfywUwS9CM6lDzkjBorNe775Ypbdecgq8TLSQVy1Pvlr94gZmmE0jBBte56bmL8jCrDmcBpqZdqTCgb0yF2LZU0Qu1n80On5MwqAxLGypY0ZK7+nshopPUkCmxnRM1IL3sz8T+vm5rw2s+4TFKDki0WhakgJiazr8mAK2RGTCyhTHF7K2EjqigzNpuSDcFbfnmVtC6qnlv1GpeV2k0eRxFO4BTOwYMrqMEd1KEJDBCe4RXenEfnxXl3PhatBSefOYY/cD5/AKUNjNE=</latexit>

K
<latexit sha1_base64="NrnJFnQip0mnCQuMQd53f76pYSs=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi+ClBfsBbSib7aRdu9mE3Y1QQn+BFw+KePUnefPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvp357SdUmsfywUwS9CM6lDzkjBorNe775Ypbdecgq8TLSQVy1Pvlr94gZmmE0jBBte56bmL8jCrDmcBpqZdqTCgb0yF2LZU0Qu1n80On5MwqAxLGypY0ZK7+nshopPUkCmxnRM1IL3sz8T+vm5rw2s+4TFKDki0WhakgJiazr8mAK2RGTCyhTHF7K2EjqigzNpuSDcFbfnmVtC6qnlv1GpeV2k0eRxFO4BTOwYMrqMEd1KEJDBCe4RXenEfnxXl3PhatBSefOYY/cD5/AKIFjM8=</latexit><latexit sha1_base64="NrnJFnQip0mnCQuMQd53f76pYSs=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi+ClBfsBbSib7aRdu9mE3Y1QQn+BFw+KePUnefPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvp357SdUmsfywUwS9CM6lDzkjBorNe775Ypbdecgq8TLSQVy1Pvlr94gZmmE0jBBte56bmL8jCrDmcBpqZdqTCgb0yF2LZU0Qu1n80On5MwqAxLGypY0ZK7+nshopPUkCmxnRM1IL3sz8T+vm5rw2s+4TFKDki0WhakgJiazr8mAK2RGTCyhTHF7K2EjqigzNpuSDcFbfnmVtC6qnlv1GpeV2k0eRxFO4BTOwYMrqMEd1KEJDBCe4RXenEfnxXl3PhatBSefOYY/cD5/AKIFjM8=</latexit><latexit sha1_base64="NrnJFnQip0mnCQuMQd53f76pYSs=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi+ClBfsBbSib7aRdu9mE3Y1QQn+BFw+KePUnefPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvp357SdUmsfywUwS9CM6lDzkjBorNe775Ypbdecgq8TLSQVy1Pvlr94gZmmE0jBBte56bmL8jCrDmcBpqZdqTCgb0yF2LZU0Qu1n80On5MwqAxLGypY0ZK7+nshopPUkCmxnRM1IL3sz8T+vm5rw2s+4TFKDki0WhakgJiazr8mAK2RGTCyhTHF7K2EjqigzNpuSDcFbfnmVtC6qnlv1GpeV2k0eRxFO4BTOwYMrqMEd1KEJDBCe4RXenEfnxXl3PhatBSefOYY/cD5/AKIFjM8=</latexit><latexit sha1_base64="NrnJFnQip0mnCQuMQd53f76pYSs=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi+ClBfsBbSib7aRdu9mE3Y1QQn+BFw+KePUnefPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvp357SdUmsfywUwS9CM6lDzkjBorNe775Ypbdecgq8TLSQVy1Pvlr94gZmmE0jBBte56bmL8jCrDmcBpqZdqTCgb0yF2LZU0Qu1n80On5MwqAxLGypY0ZK7+nshopPUkCmxnRM1IL3sz8T+vm5rw2s+4TFKDki0WhakgJiazr8mAK2RGTCyhTHF7K2EjqigzNpuSDcFbfnmVtC6qnlv1GpeV2k0eRxFO4BTOwYMrqMEd1KEJDBCe4RXenEfnxXl3PhatBSefOYY/cD5/AKIFjM8=</latexit>

K
<latexit sha1_base64="NrnJFnQip0mnCQuMQd53f76pYSs=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi+ClBfsBbSib7aRdu9mE3Y1QQn+BFw+KePUnefPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvp357SdUmsfywUwS9CM6lDzkjBorNe775Ypbdecgq8TLSQVy1Pvlr94gZmmE0jBBte56bmL8jCrDmcBpqZdqTCgb0yF2LZU0Qu1n80On5MwqAxLGypY0ZK7+nshopPUkCmxnRM1IL3sz8T+vm5rw2s+4TFKDki0WhakgJiazr8mAK2RGTCyhTHF7K2EjqigzNpuSDcFbfnmVtC6qnlv1GpeV2k0eRxFO4BTOwYMrqMEd1KEJDBCe4RXenEfnxXl3PhatBSefOYY/cD5/AKIFjM8=</latexit><latexit sha1_base64="NrnJFnQip0mnCQuMQd53f76pYSs=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi+ClBfsBbSib7aRdu9mE3Y1QQn+BFw+KePUnefPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvp357SdUmsfywUwS9CM6lDzkjBorNe775Ypbdecgq8TLSQVy1Pvlr94gZmmE0jBBte56bmL8jCrDmcBpqZdqTCgb0yF2LZU0Qu1n80On5MwqAxLGypY0ZK7+nshopPUkCmxnRM1IL3sz8T+vm5rw2s+4TFKDki0WhakgJiazr8mAK2RGTCyhTHF7K2EjqigzNpuSDcFbfnmVtC6qnlv1GpeV2k0eRxFO4BTOwYMrqMEd1KEJDBCe4RXenEfnxXl3PhatBSefOYY/cD5/AKIFjM8=</latexit><latexit sha1_base64="NrnJFnQip0mnCQuMQd53f76pYSs=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi+ClBfsBbSib7aRdu9mE3Y1QQn+BFw+KePUnefPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvp357SdUmsfywUwS9CM6lDzkjBorNe775Ypbdecgq8TLSQVy1Pvlr94gZmmE0jBBte56bmL8jCrDmcBpqZdqTCgb0yF2LZU0Qu1n80On5MwqAxLGypY0ZK7+nshopPUkCmxnRM1IL3sz8T+vm5rw2s+4TFKDki0WhakgJiazr8mAK2RGTCyhTHF7K2EjqigzNpuSDcFbfnmVtC6qnlv1GpeV2k0eRxFO4BTOwYMrqMEd1KEJDBCe4RXenEfnxXl3PhatBSefOYY/cD5/AKIFjM8=</latexit><latexit sha1_base64="NrnJFnQip0mnCQuMQd53f76pYSs=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi+ClBfsBbSib7aRdu9mE3Y1QQn+BFw+KePUnefPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvp357SdUmsfywUwS9CM6lDzkjBorNe775Ypbdecgq8TLSQVy1Pvlr94gZmmE0jBBte56bmL8jCrDmcBpqZdqTCgb0yF2LZU0Qu1n80On5MwqAxLGypY0ZK7+nshopPUkCmxnRM1IL3sz8T+vm5rw2s+4TFKDki0WhakgJiazr8mAK2RGTCyhTHF7K2EjqigzNpuSDcFbfnmVtC6qnlv1GpeV2k0eRxFO4BTOwYMrqMEd1KEJDBCe4RXenEfnxXl3PhatBSefOYY/cD5/AKIFjM8=</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>

�
<latexit sha1_base64="N4ztu7rA6GcWPA6nADZ8tMOcvqE=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOZpMxszPLTK8QQv7BiwdFvPo/3vwbJ8keNLGgoajqprsrSqWw6PvfXmFtfWNzq7hd2tnd2z8oHx41rc4M4w2mpTbtiFouheINFCh5OzWcJpHkrWh0O/NbT9xYodUDjlMeJnSgRCwYRSc1uzqVme2VK37Vn4OskiAnFchR75W/un3NsoQrZJJa2wn8FMMJNSiY5NNSN7M8pWxEB7zjqKIJt+Fkfu2UnDmlT2JtXCkkc/X3xIQm1o6TyHUmFId22ZuJ/3mdDOPrcCJUmiFXbLEoziRBTWavk74wnKEcO0KZEe5WwobUUIYuoJILIVh+eZU0L6qBXw3uLyu1mzyOIpzAKZxDAFdQgzuoQwMYPMIzvMKbp70X7937WLQWvHzmGP7A+/wBz/6PRQ==</latexit><latexit sha1_base64="N4ztu7rA6GcWPA6nADZ8tMOcvqE=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOZpMxszPLTK8QQv7BiwdFvPo/3vwbJ8keNLGgoajqprsrSqWw6PvfXmFtfWNzq7hd2tnd2z8oHx41rc4M4w2mpTbtiFouheINFCh5OzWcJpHkrWh0O/NbT9xYodUDjlMeJnSgRCwYRSc1uzqVme2VK37Vn4OskiAnFchR75W/un3NsoQrZJJa2wn8FMMJNSiY5NNSN7M8pWxEB7zjqKIJt+Fkfu2UnDmlT2JtXCkkc/X3xIQm1o6TyHUmFId22ZuJ/3mdDOPrcCJUmiFXbLEoziRBTWavk74wnKEcO0KZEe5WwobUUIYuoJILIVh+eZU0L6qBXw3uLyu1mzyOIpzAKZxDAFdQgzuoQwMYPMIzvMKbp70X7937WLQWvHzmGP7A+/wBz/6PRQ==</latexit><latexit sha1_base64="N4ztu7rA6GcWPA6nADZ8tMOcvqE=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOZpMxszPLTK8QQv7BiwdFvPo/3vwbJ8keNLGgoajqprsrSqWw6PvfXmFtfWNzq7hd2tnd2z8oHx41rc4M4w2mpTbtiFouheINFCh5OzWcJpHkrWh0O/NbT9xYodUDjlMeJnSgRCwYRSc1uzqVme2VK37Vn4OskiAnFchR75W/un3NsoQrZJJa2wn8FMMJNSiY5NNSN7M8pWxEB7zjqKIJt+Fkfu2UnDmlT2JtXCkkc/X3xIQm1o6TyHUmFId22ZuJ/3mdDOPrcCJUmiFXbLEoziRBTWavk74wnKEcO0KZEe5WwobUUIYuoJILIVh+eZU0L6qBXw3uLyu1mzyOIpzAKZxDAFdQgzuoQwMYPMIzvMKbp70X7937WLQWvHzmGP7A+/wBz/6PRQ==</latexit><latexit sha1_base64="N4ztu7rA6GcWPA6nADZ8tMOcvqE=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOZpMxszPLTK8QQv7BiwdFvPo/3vwbJ8keNLGgoajqprsrSqWw6PvfXmFtfWNzq7hd2tnd2z8oHx41rc4M4w2mpTbtiFouheINFCh5OzWcJpHkrWh0O/NbT9xYodUDjlMeJnSgRCwYRSc1uzqVme2VK37Vn4OskiAnFchR75W/un3NsoQrZJJa2wn8FMMJNSiY5NNSN7M8pWxEB7zjqKIJt+Fkfu2UnDmlT2JtXCkkc/X3xIQm1o6TyHUmFId22ZuJ/3mdDOPrcCJUmiFXbLEoziRBTWavk74wnKEcO0KZEe5WwobUUIYuoJILIVh+eZU0L6qBXw3uLyu1mzyOIpzAKZxDAFdQgzuoQwMYPMIzvMKbp70X7937WLQWvHzmGP7A+/wBz/6PRQ==</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>

=<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>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>

�
<latexit sha1_base64="N4ztu7rA6GcWPA6nADZ8tMOcvqE=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOZpMxszPLTK8QQv7BiwdFvPo/3vwbJ8keNLGgoajqprsrSqWw6PvfXmFtfWNzq7hd2tnd2z8oHx41rc4M4w2mpTbtiFouheINFCh5OzWcJpHkrWh0O/NbT9xYodUDjlMeJnSgRCwYRSc1uzqVme2VK37Vn4OskiAnFchR75W/un3NsoQrZJJa2wn8FMMJNSiY5NNSN7M8pWxEB7zjqKIJt+Fkfu2UnDmlT2JtXCkkc/X3xIQm1o6TyHUmFId22ZuJ/3mdDOPrcCJUmiFXbLEoziRBTWavk74wnKEcO0KZEe5WwobUUIYuoJILIVh+eZU0L6qBXw3uLyu1mzyOIpzAKZxDAFdQgzuoQwMYPMIzvMKbp70X7937WLQWvHzmGP7A+/wBz/6PRQ==</latexit><latexit sha1_base64="N4ztu7rA6GcWPA6nADZ8tMOcvqE=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOZpMxszPLTK8QQv7BiwdFvPo/3vwbJ8keNLGgoajqprsrSqWw6PvfXmFtfWNzq7hd2tnd2z8oHx41rc4M4w2mpTbtiFouheINFCh5OzWcJpHkrWh0O/NbT9xYodUDjlMeJnSgRCwYRSc1uzqVme2VK37Vn4OskiAnFchR75W/un3NsoQrZJJa2wn8FMMJNSiY5NNSN7M8pWxEB7zjqKIJt+Fkfu2UnDmlT2JtXCkkc/X3xIQm1o6TyHUmFId22ZuJ/3mdDOPrcCJUmiFXbLEoziRBTWavk74wnKEcO0KZEe5WwobUUIYuoJILIVh+eZU0L6qBXw3uLyu1mzyOIpzAKZxDAFdQgzuoQwMYPMIzvMKbp70X7937WLQWvHzmGP7A+/wBz/6PRQ==</latexit><latexit sha1_base64="N4ztu7rA6GcWPA6nADZ8tMOcvqE=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOZpMxszPLTK8QQv7BiwdFvPo/3vwbJ8keNLGgoajqprsrSqWw6PvfXmFtfWNzq7hd2tnd2z8oHx41rc4M4w2mpTbtiFouheINFCh5OzWcJpHkrWh0O/NbT9xYodUDjlMeJnSgRCwYRSc1uzqVme2VK37Vn4OskiAnFchR75W/un3NsoQrZJJa2wn8FMMJNSiY5NNSN7M8pWxEB7zjqKIJt+Fkfu2UnDmlT2JtXCkkc/X3xIQm1o6TyHUmFId22ZuJ/3mdDOPrcCJUmiFXbLEoziRBTWavk74wnKEcO0KZEe5WwobUUIYuoJILIVh+eZU0L6qBXw3uLyu1mzyOIpzAKZxDAFdQgzuoQwMYPMIzvMKbp70X7937WLQWvHzmGP7A+/wBz/6PRQ==</latexit><latexit sha1_base64="N4ztu7rA6GcWPA6nADZ8tMOcvqE=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOZpMxszPLTK8QQv7BiwdFvPo/3vwbJ8keNLGgoajqprsrSqWw6PvfXmFtfWNzq7hd2tnd2z8oHx41rc4M4w2mpTbtiFouheINFCh5OzWcJpHkrWh0O/NbT9xYodUDjlMeJnSgRCwYRSc1uzqVme2VK37Vn4OskiAnFchR75W/un3NsoQrZJJa2wn8FMMJNSiY5NNSN7M8pWxEB7zjqKIJt+Fkfu2UnDmlT2JtXCkkc/X3xIQm1o6TyHUmFId22ZuJ/3mdDOPrcCJUmiFXbLEoziRBTWavk74wnKEcO0KZEe5WwobUUIYuoJILIVh+eZU0L6qBXw3uLyu1mzyOIpzAKZxDAFdQgzuoQwMYPMIzvMKbp70X7937WLQWvHzmGP7A+/wBz/6PRQ==</latexit>

One-time pad (OTP)



One-time pad (OTP)

Why is it one-time?

M 0
<latexit sha1_base64="/4Ss1Zj2cpo5PPYy4Qogo48u7Nw=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbRU0lE0GPRixehiv2ANpTNdtIu3WzC7kYoof/AiwdFvPqPvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewsrq2vlHcLG1t7+zulfcPmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsY3Uz91hMqzWP5aMYJ+hEdSB5yRo2VHu5Oe+WKW3VnIMvEy0kFctR75a9uP2ZphNIwQbXueG5i/Iwqw5nASambakwoG9EBdiyVNELtZ7NLJ+TEKn0SxsqWNGSm/p7IaKT1OApsZ0TNUC96U/E/r5Oa8MrPuExSg5LNF4WpICYm07dJnytkRowtoUxxeythQ6ooMzackg3BW3x5mTTPq55b9e4vKrXrPI4iHMExnIEHl1CDW6hDAxiE8Ayv8OaMnBfn3fmYtxacfOYQ/sD5/AEFaY0C</latexit><latexit sha1_base64="/4Ss1Zj2cpo5PPYy4Qogo48u7Nw=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbRU0lE0GPRixehiv2ANpTNdtIu3WzC7kYoof/AiwdFvPqPvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewsrq2vlHcLG1t7+zulfcPmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsY3Uz91hMqzWP5aMYJ+hEdSB5yRo2VHu5Oe+WKW3VnIMvEy0kFctR75a9uP2ZphNIwQbXueG5i/Iwqw5nASambakwoG9EBdiyVNELtZ7NLJ+TEKn0SxsqWNGSm/p7IaKT1OApsZ0TNUC96U/E/r5Oa8MrPuExSg5LNF4WpICYm07dJnytkRowtoUxxeythQ6ooMzackg3BW3x5mTTPq55b9e4vKrXrPI4iHMExnIEHl1CDW6hDAxiE8Ayv8OaMnBfn3fmYtxacfOYQ/sD5/AEFaY0C</latexit><latexit sha1_base64="/4Ss1Zj2cpo5PPYy4Qogo48u7Nw=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbRU0lE0GPRixehiv2ANpTNdtIu3WzC7kYoof/AiwdFvPqPvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewsrq2vlHcLG1t7+zulfcPmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsY3Uz91hMqzWP5aMYJ+hEdSB5yRo2VHu5Oe+WKW3VnIMvEy0kFctR75a9uP2ZphNIwQbXueG5i/Iwqw5nASambakwoG9EBdiyVNELtZ7NLJ+TEKn0SxsqWNGSm/p7IaKT1OApsZ0TNUC96U/E/r5Oa8MrPuExSg5LNF4WpICYm07dJnytkRowtoUxxeythQ6ooMzackg3BW3x5mTTPq55b9e4vKrXrPI4iHMExnIEHl1CDW6hDAxiE8Ayv8OaMnBfn3fmYtxacfOYQ/sD5/AEFaY0C</latexit><latexit sha1_base64="/4Ss1Zj2cpo5PPYy4Qogo48u7Nw=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbRU0lE0GPRixehiv2ANpTNdtIu3WzC7kYoof/AiwdFvPqPvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewsrq2vlHcLG1t7+zulfcPmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsY3Uz91hMqzWP5aMYJ+hEdSB5yRo2VHu5Oe+WKW3VnIMvEy0kFctR75a9uP2ZphNIwQbXueG5i/Iwqw5nASambakwoG9EBdiyVNELtZ7NLJ+TEKn0SxsqWNGSm/p7IaKT1OApsZ0TNUC96U/E/r5Oa8MrPuExSg5LNF4WpICYm07dJnytkRowtoUxxeythQ6ooMzackg3BW3x5mTTPq55b9e4vKrXrPI4iHMExnIEHl1CDW6hDAxiE8Ayv8OaMnBfn3fmYtxacfOYQ/sD5/AEFaY0C</latexit>

K
<latexit sha1_base64="NrnJFnQip0mnCQuMQd53f76pYSs=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi+ClBfsBbSib7aRdu9mE3Y1QQn+BFw+KePUnefPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvp357SdUmsfywUwS9CM6lDzkjBorNe775Ypbdecgq8TLSQVy1Pvlr94gZmmE0jBBte56bmL8jCrDmcBpqZdqTCgb0yF2LZU0Qu1n80On5MwqAxLGypY0ZK7+nshopPUkCmxnRM1IL3sz8T+vm5rw2s+4TFKDki0WhakgJiazr8mAK2RGTCyhTHF7K2EjqigzNpuSDcFbfnmVtC6qnlv1GpeV2k0eRxFO4BTOwYMrqMEd1KEJDBCe4RXenEfnxXl3PhatBSefOYY/cD5/AKIFjM8=</latexit><latexit sha1_base64="NrnJFnQip0mnCQuMQd53f76pYSs=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi+ClBfsBbSib7aRdu9mE3Y1QQn+BFw+KePUnefPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvp357SdUmsfywUwS9CM6lDzkjBorNe775Ypbdecgq8TLSQVy1Pvlr94gZmmE0jBBte56bmL8jCrDmcBpqZdqTCgb0yF2LZU0Qu1n80On5MwqAxLGypY0ZK7+nshopPUkCmxnRM1IL3sz8T+vm5rw2s+4TFKDki0WhakgJiazr8mAK2RGTCyhTHF7K2EjqigzNpuSDcFbfnmVtC6qnlv1GpeV2k0eRxFO4BTOwYMrqMEd1KEJDBCe4RXenEfnxXl3PhatBSefOYY/cD5/AKIFjM8=</latexit><latexit sha1_base64="NrnJFnQip0mnCQuMQd53f76pYSs=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi+ClBfsBbSib7aRdu9mE3Y1QQn+BFw+KePUnefPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvp357SdUmsfywUwS9CM6lDzkjBorNe775Ypbdecgq8TLSQVy1Pvlr94gZmmE0jBBte56bmL8jCrDmcBpqZdqTCgb0yF2LZU0Qu1n80On5MwqAxLGypY0ZK7+nshopPUkCmxnRM1IL3sz8T+vm5rw2s+4TFKDki0WhakgJiazr8mAK2RGTCyhTHF7K2EjqigzNpuSDcFbfnmVtC6qnlv1GpeV2k0eRxFO4BTOwYMrqMEd1KEJDBCe4RXenEfnxXl3PhatBSefOYY/cD5/AKIFjM8=</latexit><latexit sha1_base64="NrnJFnQip0mnCQuMQd53f76pYSs=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi+ClBfsBbSib7aRdu9mE3Y1QQn+BFw+KePUnefPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvp357SdUmsfywUwS9CM6lDzkjBorNe775Ypbdecgq8TLSQVy1Pvlr94gZmmE0jBBte56bmL8jCrDmcBpqZdqTCgb0yF2LZU0Qu1n80On5MwqAxLGypY0ZK7+nshopPUkCmxnRM1IL3sz8T+vm5rw2s+4TFKDki0WhakgJiazr8mAK2RGTCyhTHF7K2EjqigzNpuSDcFbfnmVtC6qnlv1GpeV2k0eRxFO4BTOwYMrqMEd1KEJDBCe4RXenEfnxXl3PhatBSefOYY/cD5/AKIFjM8=</latexit>

�
<latexit sha1_base64="N4ztu7rA6GcWPA6nADZ8tMOcvqE=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOZpMxszPLTK8QQv7BiwdFvPo/3vwbJ8keNLGgoajqprsrSqWw6PvfXmFtfWNzq7hd2tnd2z8oHx41rc4M4w2mpTbtiFouheINFCh5OzWcJpHkrWh0O/NbT9xYodUDjlMeJnSgRCwYRSc1uzqVme2VK37Vn4OskiAnFchR75W/un3NsoQrZJJa2wn8FMMJNSiY5NNSN7M8pWxEB7zjqKIJt+Fkfu2UnDmlT2JtXCkkc/X3xIQm1o6TyHUmFId22ZuJ/3mdDOPrcCJUmiFXbLEoziRBTWavk74wnKEcO0KZEe5WwobUUIYuoJILIVh+eZU0L6qBXw3uLyu1mzyOIpzAKZxDAFdQgzuoQwMYPMIzvMKbp70X7937WLQWvHzmGP7A+/wBz/6PRQ==</latexit><latexit sha1_base64="N4ztu7rA6GcWPA6nADZ8tMOcvqE=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOZpMxszPLTK8QQv7BiwdFvPo/3vwbJ8keNLGgoajqprsrSqWw6PvfXmFtfWNzq7hd2tnd2z8oHx41rc4M4w2mpTbtiFouheINFCh5OzWcJpHkrWh0O/NbT9xYodUDjlMeJnSgRCwYRSc1uzqVme2VK37Vn4OskiAnFchR75W/un3NsoQrZJJa2wn8FMMJNSiY5NNSN7M8pWxEB7zjqKIJt+Fkfu2UnDmlT2JtXCkkc/X3xIQm1o6TyHUmFId22ZuJ/3mdDOPrcCJUmiFXbLEoziRBTWavk74wnKEcO0KZEe5WwobUUIYuoJILIVh+eZU0L6qBXw3uLyu1mzyOIpzAKZxDAFdQgzuoQwMYPMIzvMKbp70X7937WLQWvHzmGP7A+/wBz/6PRQ==</latexit><latexit sha1_base64="N4ztu7rA6GcWPA6nADZ8tMOcvqE=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOZpMxszPLTK8QQv7BiwdFvPo/3vwbJ8keNLGgoajqprsrSqWw6PvfXmFtfWNzq7hd2tnd2z8oHx41rc4M4w2mpTbtiFouheINFCh5OzWcJpHkrWh0O/NbT9xYodUDjlMeJnSgRCwYRSc1uzqVme2VK37Vn4OskiAnFchR75W/un3NsoQrZJJa2wn8FMMJNSiY5NNSN7M8pWxEB7zjqKIJt+Fkfu2UnDmlT2JtXCkkc/X3xIQm1o6TyHUmFId22ZuJ/3mdDOPrcCJUmiFXbLEoziRBTWavk74wnKEcO0KZEe5WwobUUIYuoJILIVh+eZU0L6qBXw3uLyu1mzyOIpzAKZxDAFdQgzuoQwMYPMIzvMKbp70X7937WLQWvHzmGP7A+/wBz/6PRQ==</latexit><latexit sha1_base64="N4ztu7rA6GcWPA6nADZ8tMOcvqE=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOZpMxszPLTK8QQv7BiwdFvPo/3vwbJ8keNLGgoajqprsrSqWw6PvfXmFtfWNzq7hd2tnd2z8oHx41rc4M4w2mpTbtiFouheINFCh5OzWcJpHkrWh0O/NbT9xYodUDjlMeJnSgRCwYRSc1uzqVme2VK37Vn4OskiAnFchR75W/un3NsoQrZJJa2wn8FMMJNSiY5NNSN7M8pWxEB7zjqKIJt+Fkfu2UnDmlT2JtXCkkc/X3xIQm1o6TyHUmFId22ZuJ/3mdDOPrcCJUmiFXbLEoziRBTWavk74wnKEcO0KZEe5WwobUUIYuoJILIVh+eZU0L6qBXw3uLyu1mzyOIpzAKZxDAFdQgzuoQwMYPMIzvMKbp70X7937WLQWvHzmGP7A+/wBz/6PRQ==</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> S0
<latexit sha1_base64="ULtoWwavk1CaYCmtJPYzrKPI40k=">AAAB6XicbVDLSgNBEOyNrxhfUY9eBoPoKeyKoMegF4/xkQckS5idzCZDZmeXmV4hLPkDLx4U8eofefNvnCR70MSChqKqm+6uIJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqZ+64lrI2L1iOOE+xEdKBEKRtFK9w+nvXLFrbozkGXi5aQCOeq98le3H7M04gqZpMZ0PDdBP6MaBZN8UuqmhieUjeiAdyxVNOLGz2aXTsiJVfokjLUthWSm/p7IaGTMOApsZ0RxaBa9qfif10kxvPIzoZIUuWLzRWEqCcZk+jbpC80ZyrEllGlhbyVsSDVlaMMp2RC8xZeXSfO86rlV7+6iUrvO4yjCERzDGXhwCTW4hTo0gEEIz/AKb87IeXHenY95a8HJZw7hD5zPHw6HjQg=</latexit><latexit sha1_base64="ULtoWwavk1CaYCmtJPYzrKPI40k=">AAAB6XicbVDLSgNBEOyNrxhfUY9eBoPoKeyKoMegF4/xkQckS5idzCZDZmeXmV4hLPkDLx4U8eofefNvnCR70MSChqKqm+6uIJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqZ+64lrI2L1iOOE+xEdKBEKRtFK9w+nvXLFrbozkGXi5aQCOeq98le3H7M04gqZpMZ0PDdBP6MaBZN8UuqmhieUjeiAdyxVNOLGz2aXTsiJVfokjLUthWSm/p7IaGTMOApsZ0RxaBa9qfif10kxvPIzoZIUuWLzRWEqCcZk+jbpC80ZyrEllGlhbyVsSDVlaMMp2RC8xZeXSfO86rlV7+6iUrvO4yjCERzDGXhwCTW4hTo0gEEIz/AKb87IeXHenY95a8HJZw7hD5zPHw6HjQg=</latexit><latexit sha1_base64="ULtoWwavk1CaYCmtJPYzrKPI40k=">AAAB6XicbVDLSgNBEOyNrxhfUY9eBoPoKeyKoMegF4/xkQckS5idzCZDZmeXmV4hLPkDLx4U8eofefNvnCR70MSChqKqm+6uIJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqZ+64lrI2L1iOOE+xEdKBEKRtFK9w+nvXLFrbozkGXi5aQCOeq98le3H7M04gqZpMZ0PDdBP6MaBZN8UuqmhieUjeiAdyxVNOLGz2aXTsiJVfokjLUthWSm/p7IaGTMOApsZ0RxaBa9qfif10kxvPIzoZIUuWLzRWEqCcZk+jbpC80ZyrEllGlhbyVsSDVlaMMp2RC8xZeXSfO86rlV7+6iUrvO4yjCERzDGXhwCTW4hTo0gEEIz/AKb87IeXHenY95a8HJZw7hD5zPHw6HjQg=</latexit><latexit sha1_base64="ULtoWwavk1CaYCmtJPYzrKPI40k=">AAAB6XicbVDLSgNBEOyNrxhfUY9eBoPoKeyKoMegF4/xkQckS5idzCZDZmeXmV4hLPkDLx4U8eofefNvnCR70MSChqKqm+6uIJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqZ+64lrI2L1iOOE+xEdKBEKRtFK9w+nvXLFrbozkGXi5aQCOeq98le3H7M04gqZpMZ0PDdBP6MaBZN8UuqmhieUjeiAdyxVNOLGz2aXTsiJVfokjLUthWSm/p7IaGTMOApsZ0RxaBa9qfif10kxvPIzoZIUuWLzRWEqCcZk+jbpC80ZyrEllGlhbyVsSDVlaMMp2RC8xZeXSfO86rlV7+6iUrvO4yjCERzDGXhwCTW4hTo0gEEIz/AKb87IeXHenY95a8HJZw7hD5zPHw6HjQg=</latexit>

An attacker will have both S and S’



S0
<latexit sha1_base64="ULtoWwavk1CaYCmtJPYzrKPI40k=">AAAB6XicbVDLSgNBEOyNrxhfUY9eBoPoKeyKoMegF4/xkQckS5idzCZDZmeXmV4hLPkDLx4U8eofefNvnCR70MSChqKqm+6uIJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqZ+64lrI2L1iOOE+xEdKBEKRtFK9w+nvXLFrbozkGXi5aQCOeq98le3H7M04gqZpMZ0PDdBP6MaBZN8UuqmhieUjeiAdyxVNOLGz2aXTsiJVfokjLUthWSm/p7IaGTMOApsZ0RxaBa9qfif10kxvPIzoZIUuWLzRWEqCcZk+jbpC80ZyrEllGlhbyVsSDVlaMMp2RC8xZeXSfO86rlV7+6iUrvO4yjCERzDGXhwCTW4hTo0gEEIz/AKb87IeXHenY95a8HJZw7hD5zPHw6HjQg=</latexit><latexit sha1_base64="ULtoWwavk1CaYCmtJPYzrKPI40k=">AAAB6XicbVDLSgNBEOyNrxhfUY9eBoPoKeyKoMegF4/xkQckS5idzCZDZmeXmV4hLPkDLx4U8eofefNvnCR70MSChqKqm+6uIJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqZ+64lrI2L1iOOE+xEdKBEKRtFK9w+nvXLFrbozkGXi5aQCOeq98le3H7M04gqZpMZ0PDdBP6MaBZN8UuqmhieUjeiAdyxVNOLGz2aXTsiJVfokjLUthWSm/p7IaGTMOApsZ0RxaBa9qfif10kxvPIzoZIUuWLzRWEqCcZk+jbpC80ZyrEllGlhbyVsSDVlaMMp2RC8xZeXSfO86rlV7+6iUrvO4yjCERzDGXhwCTW4hTo0gEEIz/AKb87IeXHenY95a8HJZw7hD5zPHw6HjQg=</latexit><latexit sha1_base64="ULtoWwavk1CaYCmtJPYzrKPI40k=">AAAB6XicbVDLSgNBEOyNrxhfUY9eBoPoKeyKoMegF4/xkQckS5idzCZDZmeXmV4hLPkDLx4U8eofefNvnCR70MSChqKqm+6uIJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqZ+64lrI2L1iOOE+xEdKBEKRtFK9w+nvXLFrbozkGXi5aQCOeq98le3H7M04gqZpMZ0PDdBP6MaBZN8UuqmhieUjeiAdyxVNOLGz2aXTsiJVfokjLUthWSm/p7IaGTMOApsZ0RxaBa9qfif10kxvPIzoZIUuWLzRWEqCcZk+jbpC80ZyrEllGlhbyVsSDVlaMMp2RC8xZeXSfO86rlV7+6iUrvO4yjCERzDGXhwCTW4hTo0gEEIz/AKb87IeXHenY95a8HJZw7hD5zPHw6HjQg=</latexit><latexit sha1_base64="ULtoWwavk1CaYCmtJPYzrKPI40k=">AAAB6XicbVDLSgNBEOyNrxhfUY9eBoPoKeyKoMegF4/xkQckS5idzCZDZmeXmV4hLPkDLx4U8eofefNvnCR70MSChqKqm+6uIJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqZ+64lrI2L1iOOE+xEdKBEKRtFK9w+nvXLFrbozkGXi5aQCOeq98le3H7M04gqZpMZ0PDdBP6MaBZN8UuqmhieUjeiAdyxVNOLGz2aXTsiJVfokjLUthWSm/p7IaGTMOApsZ0RxaBa9qfif10kxvPIzoZIUuWLzRWEqCcZk+jbpC80ZyrEllGlhbyVsSDVlaMMp2RC8xZeXSfO86rlV7+6iUrvO4yjCERzDGXhwCTW4hTo0gEEIz/AKb87IeXHenY95a8HJZw7hD5zPHw6HjQg=</latexit>�

<latexit sha1_base64="N4ztu7rA6GcWPA6nADZ8tMOcvqE=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOZpMxszPLTK8QQv7BiwdFvPo/3vwbJ8keNLGgoajqprsrSqWw6PvfXmFtfWNzq7hd2tnd2z8oHx41rc4M4w2mpTbtiFouheINFCh5OzWcJpHkrWh0O/NbT9xYodUDjlMeJnSgRCwYRSc1uzqVme2VK37Vn4OskiAnFchR75W/un3NsoQrZJJa2wn8FMMJNSiY5NNSN7M8pWxEB7zjqKIJt+Fkfu2UnDmlT2JtXCkkc/X3xIQm1o6TyHUmFId22ZuJ/3mdDOPrcCJUmiFXbLEoziRBTWavk74wnKEcO0KZEe5WwobUUIYuoJILIVh+eZU0L6qBXw3uLyu1mzyOIpzAKZxDAFdQgzuoQwMYPMIzvMKbp70X7937WLQWvHzmGP7A+/wBz/6PRQ==</latexit><latexit sha1_base64="N4ztu7rA6GcWPA6nADZ8tMOcvqE=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOZpMxszPLTK8QQv7BiwdFvPo/3vwbJ8keNLGgoajqprsrSqWw6PvfXmFtfWNzq7hd2tnd2z8oHx41rc4M4w2mpTbtiFouheINFCh5OzWcJpHkrWh0O/NbT9xYodUDjlMeJnSgRCwYRSc1uzqVme2VK37Vn4OskiAnFchR75W/un3NsoQrZJJa2wn8FMMJNSiY5NNSN7M8pWxEB7zjqKIJt+Fkfu2UnDmlT2JtXCkkc/X3xIQm1o6TyHUmFId22ZuJ/3mdDOPrcCJUmiFXbLEoziRBTWavk74wnKEcO0KZEe5WwobUUIYuoJILIVh+eZU0L6qBXw3uLyu1mzyOIpzAKZxDAFdQgzuoQwMYPMIzvMKbp70X7937WLQWvHzmGP7A+/wBz/6PRQ==</latexit><latexit sha1_base64="N4ztu7rA6GcWPA6nADZ8tMOcvqE=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOZpMxszPLTK8QQv7BiwdFvPo/3vwbJ8keNLGgoajqprsrSqWw6PvfXmFtfWNzq7hd2tnd2z8oHx41rc4M4w2mpTbtiFouheINFCh5OzWcJpHkrWh0O/NbT9xYodUDjlMeJnSgRCwYRSc1uzqVme2VK37Vn4OskiAnFchR75W/un3NsoQrZJJa2wn8FMMJNSiY5NNSN7M8pWxEB7zjqKIJt+Fkfu2UnDmlT2JtXCkkc/X3xIQm1o6TyHUmFId22ZuJ/3mdDOPrcCJUmiFXbLEoziRBTWavk74wnKEcO0KZEe5WwobUUIYuoJILIVh+eZU0L6qBXw3uLyu1mzyOIpzAKZxDAFdQgzuoQwMYPMIzvMKbp70X7937WLQWvHzmGP7A+/wBz/6PRQ==</latexit><latexit sha1_base64="N4ztu7rA6GcWPA6nADZ8tMOcvqE=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOZpMxszPLTK8QQv7BiwdFvPo/3vwbJ8keNLGgoajqprsrSqWw6PvfXmFtfWNzq7hd2tnd2z8oHx41rc4M4w2mpTbtiFouheINFCh5OzWcJpHkrWh0O/NbT9xYodUDjlMeJnSgRCwYRSc1uzqVme2VK37Vn4OskiAnFchR75W/un3NsoQrZJJa2wn8FMMJNSiY5NNSN7M8pWxEB7zjqKIJt+Fkfu2UnDmlT2JtXCkkc/X3xIQm1o6TyHUmFId22ZuJ/3mdDOPrcCJUmiFXbLEoziRBTWavk74wnKEcO0KZEe5WwobUUIYuoJILIVh+eZU0L6qBXw3uLyu1mzyOIpzAKZxDAFdQgzuoQwMYPMIzvMKbp70X7937WLQWvHzmGP7A+/wBz/6PRQ==</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 �M 0
<latexit sha1_base64="QH1RKOmm8syH3OVY9vrGhwEJ2EM=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbRU0lE0GPRi5dCBfsBaSib7aZdusmG3YlQSn+GFw+KePXXePPfuG1z0NYHA4/3ZpiZF6ZSGHTdb6ewtr6xuVXcLu3s7u0flA+PWkZlmvEmU1LpTkgNlyLhTRQoeSfVnMah5O1wdDfz209cG6GSRxynPIjpIBGRYBSt5NdJV6UyM6R+3itX3Ko7B1klXk4qkKPRK391+4plMU+QSWqM77kpBhOqUTDJp6VuZnhK2YgOuG9pQmNugsn85Ck5s0qfRErbSpDM1d8TExobM45D2xlTHJplbyb+5/kZRjfBRCRphjxhi0VRJgkqMvuf9IXmDOXYEsq0sLcSNqSaMrQplWwI3vLLq6R1WfXcqvdwVand5nEU4QRO4QI8uIYa3EMDmsBAwTO8wpuDzovz7nwsWgtOPnMMf+B8/gAaxZB4</latexit><latexit sha1_base64="QH1RKOmm8syH3OVY9vrGhwEJ2EM=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbRU0lE0GPRi5dCBfsBaSib7aZdusmG3YlQSn+GFw+KePXXePPfuG1z0NYHA4/3ZpiZF6ZSGHTdb6ewtr6xuVXcLu3s7u0flA+PWkZlmvEmU1LpTkgNlyLhTRQoeSfVnMah5O1wdDfz209cG6GSRxynPIjpIBGRYBSt5NdJV6UyM6R+3itX3Ko7B1klXk4qkKPRK391+4plMU+QSWqM77kpBhOqUTDJp6VuZnhK2YgOuG9pQmNugsn85Ck5s0qfRErbSpDM1d8TExobM45D2xlTHJplbyb+5/kZRjfBRCRphjxhi0VRJgkqMvuf9IXmDOXYEsq0sLcSNqSaMrQplWwI3vLLq6R1WfXcqvdwVand5nEU4QRO4QI8uIYa3EMDmsBAwTO8wpuDzovz7nwsWgtOPnMMf+B8/gAaxZB4</latexit><latexit sha1_base64="QH1RKOmm8syH3OVY9vrGhwEJ2EM=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbRU0lE0GPRi5dCBfsBaSib7aZdusmG3YlQSn+GFw+KePXXePPfuG1z0NYHA4/3ZpiZF6ZSGHTdb6ewtr6xuVXcLu3s7u0flA+PWkZlmvEmU1LpTkgNlyLhTRQoeSfVnMah5O1wdDfz209cG6GSRxynPIjpIBGRYBSt5NdJV6UyM6R+3itX3Ko7B1klXk4qkKPRK391+4plMU+QSWqM77kpBhOqUTDJp6VuZnhK2YgOuG9pQmNugsn85Ck5s0qfRErbSpDM1d8TExobM45D2xlTHJplbyb+5/kZRjfBRCRphjxhi0VRJgkqMvuf9IXmDOXYEsq0sLcSNqSaMrQplWwI3vLLq6R1WfXcqvdwVand5nEU4QRO4QI8uIYa3EMDmsBAwTO8wpuDzovz7nwsWgtOPnMMf+B8/gAaxZB4</latexit><latexit sha1_base64="QH1RKOmm8syH3OVY9vrGhwEJ2EM=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbRU0lE0GPRi5dCBfsBaSib7aZdusmG3YlQSn+GFw+KePXXePPfuG1z0NYHA4/3ZpiZF6ZSGHTdb6ewtr6xuVXcLu3s7u0flA+PWkZlmvEmU1LpTkgNlyLhTRQoeSfVnMah5O1wdDfz209cG6GSRxynPIjpIBGRYBSt5NdJV6UyM6R+3itX3Ko7B1klXk4qkKPRK391+4plMU+QSWqM77kpBhOqUTDJp6VuZnhK2YgOuG9pQmNugsn85Ck5s0qfRErbSpDM1d8TExobM45D2xlTHJplbyb+5/kZRjfBRCRphjxhi0VRJgkqMvuf9IXmDOXYEsq0sLcSNqSaMrQplWwI3vLLq6R1WfXcqvdwVand5nEU4QRO4QI8uIYa3EMDmsBAwTO8wpuDzovz7nwsWgtOPnMMf+B8/gAaxZB4</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>

reveals information about the messagesM �M 0
<latexit sha1_base64="QH1RKOmm8syH3OVY9vrGhwEJ2EM=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbRU0lE0GPRi5dCBfsBaSib7aZdusmG3YlQSn+GFw+KePXXePPfuG1z0NYHA4/3ZpiZF6ZSGHTdb6ewtr6xuVXcLu3s7u0flA+PWkZlmvEmU1LpTkgNlyLhTRQoeSfVnMah5O1wdDfz209cG6GSRxynPIjpIBGRYBSt5NdJV6UyM6R+3itX3Ko7B1klXk4qkKPRK391+4plMU+QSWqM77kpBhOqUTDJp6VuZnhK2YgOuG9pQmNugsn85Ck5s0qfRErbSpDM1d8TExobM45D2xlTHJplbyb+5/kZRjfBRCRphjxhi0VRJgkqMvuf9IXmDOXYEsq0sLcSNqSaMrQplWwI3vLLq6R1WfXcqvdwVand5nEU4QRO4QI8uIYa3EMDmsBAwTO8wpuDzovz7nwsWgtOPnMMf+B8/gAaxZB4</latexit><latexit sha1_base64="QH1RKOmm8syH3OVY9vrGhwEJ2EM=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbRU0lE0GPRi5dCBfsBaSib7aZdusmG3YlQSn+GFw+KePXXePPfuG1z0NYHA4/3ZpiZF6ZSGHTdb6ewtr6xuVXcLu3s7u0flA+PWkZlmvEmU1LpTkgNlyLhTRQoeSfVnMah5O1wdDfz209cG6GSRxynPIjpIBGRYBSt5NdJV6UyM6R+3itX3Ko7B1klXk4qkKPRK391+4plMU+QSWqM77kpBhOqUTDJp6VuZnhK2YgOuG9pQmNugsn85Ck5s0qfRErbSpDM1d8TExobM45D2xlTHJplbyb+5/kZRjfBRCRphjxhi0VRJgkqMvuf9IXmDOXYEsq0sLcSNqSaMrQplWwI3vLLq6R1WfXcqvdwVand5nEU4QRO4QI8uIYa3EMDmsBAwTO8wpuDzovz7nwsWgtOPnMMf+B8/gAaxZB4</latexit><latexit sha1_base64="QH1RKOmm8syH3OVY9vrGhwEJ2EM=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbRU0lE0GPRi5dCBfsBaSib7aZdusmG3YlQSn+GFw+KePXXePPfuG1z0NYHA4/3ZpiZF6ZSGHTdb6ewtr6xuVXcLu3s7u0flA+PWkZlmvEmU1LpTkgNlyLhTRQoeSfVnMah5O1wdDfz209cG6GSRxynPIjpIBGRYBSt5NdJV6UyM6R+3itX3Ko7B1klXk4qkKPRK391+4plMU+QSWqM77kpBhOqUTDJp6VuZnhK2YgOuG9pQmNugsn85Ck5s0qfRErbSpDM1d8TExobM45D2xlTHJplbyb+5/kZRjfBRCRphjxhi0VRJgkqMvuf9IXmDOXYEsq0sLcSNqSaMrQplWwI3vLLq6R1WfXcqvdwVand5nEU4QRO4QI8uIYa3EMDmsBAwTO8wpuDzovz7nwsWgtOPnMMf+B8/gAaxZB4</latexit><latexit sha1_base64="QH1RKOmm8syH3OVY9vrGhwEJ2EM=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbRU0lE0GPRi5dCBfsBaSib7aZdusmG3YlQSn+GFw+KePXXePPfuG1z0NYHA4/3ZpiZF6ZSGHTdb6ewtr6xuVXcLu3s7u0flA+PWkZlmvEmU1LpTkgNlyLhTRQoeSfVnMah5O1wdDfz209cG6GSRxynPIjpIBGRYBSt5NdJV6UyM6R+3itX3Ko7B1klXk4qkKPRK391+4plMU+QSWqM77kpBhOqUTDJp6VuZnhK2YgOuG9pQmNugsn85Ck5s0qfRErbSpDM1d8TExobM45D2xlTHJplbyb+5/kZRjfBRCRphjxhi0VRJgkqMvuf9IXmDOXYEsq0sLcSNqSaMrQplWwI3vLLq6R1WfXcqvdwVand5nEU4QRO4QI8uIYa3EMDmsBAwTO8wpuDzovz7nwsWgtOPnMMf+B8/gAaxZB4</latexit>

This has happened in the Cold War!

One-time pad (OTP)

But if we use the key only once, then OTP has IT security!



Quantum Key Distribution (QKD)

Solves the problem of distributing arbitrary size keys 
between two parties (Alice and Bob)

Assumptions

1. Alice and Bob share classical authenticated channel 

2. Alice and Bob share unsecure quantum channel 

3. Quantum mechanics is correct

Under these assumptions we can have an IT-secure 
quantum key distribution protocol



Quantum Key Distribution (QKD)

Protocol of Bennet and Brassard from 1984 (BB84)

Alice has a qubit preparation device with 2 settings

0
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50%
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<latexit sha1_base64="mjQqjCX97mZDRBNXUGxBrTG242k=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0swm7E6HE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61TZJpxlsskYnuhtRwKRRvoUDJu6nmNA4l74Tj25nfeeTaiEQ94CTlQUyHSkSCUbSS/0Rc0tNUDSXvV2tu3Z2DrBKvIDUo0OxXv3qDhGUxV8gkNcb33BSDnGoUTPJppZcZnlI2pkPuW6pozE2Qz0+ekjOrDEiUaFsKyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKh0gy5YotFUSYJJmT2PxkIzRnKiSWUaWFvJWxENWVoU6rYELzll1dJ+6LuuXXv/rLWuCniKMMJnMI5eHAFDbiDJrSAQQLP8ApvDjovzrvzsWgtOcXMMfyB8/kDY0qQqQ==</latexit><latexit sha1_base64="mjQqjCX97mZDRBNXUGxBrTG242k=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0swm7E6HE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61TZJpxlsskYnuhtRwKRRvoUDJu6nmNA4l74Tj25nfeeTaiEQ94CTlQUyHSkSCUbSS/0Rc0tNUDSXvV2tu3Z2DrBKvIDUo0OxXv3qDhGUxV8gkNcb33BSDnGoUTPJppZcZnlI2pkPuW6pozE2Qz0+ekjOrDEiUaFsKyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKh0gy5YotFUSYJJmT2PxkIzRnKiSWUaWFvJWxENWVoU6rYELzll1dJ+6LuuXXv/rLWuCniKMMJnMI5eHAFDbiDJrSAQQLP8ApvDjovzrvzsWgtOcXMMfyB8/kDY0qQqQ==</latexit><latexit sha1_base64="mjQqjCX97mZDRBNXUGxBrTG242k=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0swm7E6HE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61TZJpxlsskYnuhtRwKRRvoUDJu6nmNA4l74Tj25nfeeTaiEQ94CTlQUyHSkSCUbSS/0Rc0tNUDSXvV2tu3Z2DrBKvIDUo0OxXv3qDhGUxV8gkNcb33BSDnGoUTPJppZcZnlI2pkPuW6pozE2Qz0+ekjOrDEiUaFsKyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKh0gy5YotFUSYJJmT2PxkIzRnKiSWUaWFvJWxENWVoU6rYELzll1dJ+6LuuXXv/rLWuCniKMMJnMI5eHAFDbiDJrSAQQLP8ApvDjovzrvzsWgtOcXMMfyB8/kDY0qQqQ==</latexit><latexit sha1_base64="mjQqjCX97mZDRBNXUGxBrTG242k=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0swm7E6HE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61TZJpxlsskYnuhtRwKRRvoUDJu6nmNA4l74Tj25nfeeTaiEQ94CTlQUyHSkSCUbSS/0Rc0tNUDSXvV2tu3Z2DrBKvIDUo0OxXv3qDhGUxV8gkNcb33BSDnGoUTPJppZcZnlI2pkPuW6pozE2Qz0+ekjOrDEiUaFsKyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKh0gy5YotFUSYJJmT2PxkIzRnKiSWUaWFvJWxENWVoU6rYELzll1dJ+6LuuXXv/rLWuCniKMMJnMI5eHAFDbiDJrSAQQLP8ApvDjovzrvzsWgtOcXMMfyB8/kDY0qQqQ==</latexit>

|+i
<latexit sha1_base64="dGUQHfZ1Dv6xLj10w79F8/gBLbo=">AAAB8nicbVBNS8NAEN3Ur1q/qh69LBZBEEoigh6LXjxWsLWQhrLZTtqlm03YnQgl9md48aCIV3+NN/+N2zYHbX0w8Hhvhpl5YSqFQdf9dkorq2vrG+XNytb2zu5edf+gbZJMc2jxRCa6EzIDUihooUAJnVQDi0MJD+HoZuo/PII2IlH3OE4hiNlAiUhwhlbyn+gZ7WqmBhJ61Zpbd2egy8QrSI0UaPaqX91+wrMYFHLJjPE9N8UgZxoFlzCpdDMDKeMjNgDfUsViMEE+O3lCT6zSp1GibSmkM/X3RM5iY8ZxaDtjhkOz6E3F/zw/w+gqyIVKMwTF54uiTFJM6PR/2hcaOMqxJYxrYW+lfMg042hTqtgQvMWXl0n7vO65de/uota4LuIokyNyTE6JRy5Jg9ySJmkRThLyTF7Jm4POi/PufMxbS04xc0j+wPn8AVuOkKQ=</latexit><latexit sha1_base64="dGUQHfZ1Dv6xLj10w79F8/gBLbo=">AAAB8nicbVBNS8NAEN3Ur1q/qh69LBZBEEoigh6LXjxWsLWQhrLZTtqlm03YnQgl9md48aCIV3+NN/+N2zYHbX0w8Hhvhpl5YSqFQdf9dkorq2vrG+XNytb2zu5edf+gbZJMc2jxRCa6EzIDUihooUAJnVQDi0MJD+HoZuo/PII2IlH3OE4hiNlAiUhwhlbyn+gZ7WqmBhJ61Zpbd2egy8QrSI0UaPaqX91+wrMYFHLJjPE9N8UgZxoFlzCpdDMDKeMjNgDfUsViMEE+O3lCT6zSp1GibSmkM/X3RM5iY8ZxaDtjhkOz6E3F/zw/w+gqyIVKMwTF54uiTFJM6PR/2hcaOMqxJYxrYW+lfMg042hTqtgQvMWXl0n7vO65de/uota4LuIokyNyTE6JRy5Jg9ySJmkRThLyTF7Jm4POi/PufMxbS04xc0j+wPn8AVuOkKQ=</latexit><latexit sha1_base64="dGUQHfZ1Dv6xLj10w79F8/gBLbo=">AAAB8nicbVBNS8NAEN3Ur1q/qh69LBZBEEoigh6LXjxWsLWQhrLZTtqlm03YnQgl9md48aCIV3+NN/+N2zYHbX0w8Hhvhpl5YSqFQdf9dkorq2vrG+XNytb2zu5edf+gbZJMc2jxRCa6EzIDUihooUAJnVQDi0MJD+HoZuo/PII2IlH3OE4hiNlAiUhwhlbyn+gZ7WqmBhJ61Zpbd2egy8QrSI0UaPaqX91+wrMYFHLJjPE9N8UgZxoFlzCpdDMDKeMjNgDfUsViMEE+O3lCT6zSp1GibSmkM/X3RM5iY8ZxaDtjhkOz6E3F/zw/w+gqyIVKMwTF54uiTFJM6PR/2hcaOMqxJYxrYW+lfMg042hTqtgQvMWXl0n7vO65de/uota4LuIokyNyTE6JRy5Jg9ySJmkRThLyTF7Jm4POi/PufMxbS04xc0j+wPn8AVuOkKQ=</latexit><latexit sha1_base64="dGUQHfZ1Dv6xLj10w79F8/gBLbo=">AAAB8nicbVBNS8NAEN3Ur1q/qh69LBZBEEoigh6LXjxWsLWQhrLZTtqlm03YnQgl9md48aCIV3+NN/+N2zYHbX0w8Hhvhpl5YSqFQdf9dkorq2vrG+XNytb2zu5edf+gbZJMc2jxRCa6EzIDUihooUAJnVQDi0MJD+HoZuo/PII2IlH3OE4hiNlAiUhwhlbyn+gZ7WqmBhJ61Zpbd2egy8QrSI0UaPaqX91+wrMYFHLJjPE9N8UgZxoFlzCpdDMDKeMjNgDfUsViMEE+O3lCT6zSp1GibSmkM/X3RM5iY8ZxaDtjhkOz6E3F/zw/w+gqyIVKMwTF54uiTFJM6PR/2hcaOMqxJYxrYW+lfMg042hTqtgQvMWXl0n7vO65de/uota4LuIokyNyTE6JRy5Jg9ySJmkRThLyTF7Jm4POi/PufMxbS04xc0j+wPn8AVuOkKQ=</latexit>

The setup



Quantum Key Distribution (QKD)

Protocol of Bennet and Brassard from 1984 (BB84)

Alice has a qubit preparation device with 2 settings

1
50%

50%

|1i
<latexit sha1_base64="6Typza7OMfhssIEctEzFNv5UoI4=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0swm7E6HE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61TZJpxlsskYnuhtRwKRRvoUDJu6nmNA4l74Tj25nfeeTaiEQ94CTlQUyHSkSCUbSS/0Q80tNUDSXvV2tu3Z2DrBKvIDUo0OxXv3qDhGUxV8gkNcb33BSDnGoUTPJppZcZnlI2pkPuW6pozE2Qz0+ekjOrDEiUaFsKyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKh0gy5YotFUSYJJmT2PxkIzRnKiSWUaWFvJWxENWVoU6rYELzll1dJ+6LuuXXv/rLWuCniKMMJnMI5eHAFDbiDJrSAQQLP8ApvDjovzrvzsWgtOcXMMfyB8/kDZNaQqg==</latexit><latexit sha1_base64="6Typza7OMfhssIEctEzFNv5UoI4=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0swm7E6HE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61TZJpxlsskYnuhtRwKRRvoUDJu6nmNA4l74Tj25nfeeTaiEQ94CTlQUyHSkSCUbSS/0Q80tNUDSXvV2tu3Z2DrBKvIDUo0OxXv3qDhGUxV8gkNcb33BSDnGoUTPJppZcZnlI2pkPuW6pozE2Qz0+ekjOrDEiUaFsKyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKh0gy5YotFUSYJJmT2PxkIzRnKiSWUaWFvJWxENWVoU6rYELzll1dJ+6LuuXXv/rLWuCniKMMJnMI5eHAFDbiDJrSAQQLP8ApvDjovzrvzsWgtOcXMMfyB8/kDZNaQqg==</latexit><latexit sha1_base64="6Typza7OMfhssIEctEzFNv5UoI4=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0swm7E6HE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61TZJpxlsskYnuhtRwKRRvoUDJu6nmNA4l74Tj25nfeeTaiEQ94CTlQUyHSkSCUbSS/0Q80tNUDSXvV2tu3Z2DrBKvIDUo0OxXv3qDhGUxV8gkNcb33BSDnGoUTPJppZcZnlI2pkPuW6pozE2Qz0+ekjOrDEiUaFsKyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKh0gy5YotFUSYJJmT2PxkIzRnKiSWUaWFvJWxENWVoU6rYELzll1dJ+6LuuXXv/rLWuCniKMMJnMI5eHAFDbiDJrSAQQLP8ApvDjovzrvzsWgtOcXMMfyB8/kDZNaQqg==</latexit><latexit sha1_base64="6Typza7OMfhssIEctEzFNv5UoI4=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0swm7E6HE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61TZJpxlsskYnuhtRwKRRvoUDJu6nmNA4l74Tj25nfeeTaiEQ94CTlQUyHSkSCUbSS/0Q80tNUDSXvV2tu3Z2DrBKvIDUo0OxXv3qDhGUxV8gkNcb33BSDnGoUTPJppZcZnlI2pkPuW6pozE2Qz0+ekjOrDEiUaFsKyVz9PZHT2JhJHNrOmOLILHsz8T/PzzC6DnKh0gy5YotFUSYJJmT2PxkIzRnKiSWUaWFvJWxENWVoU6rYELzll1dJ+6LuuXXv/rLWuCniKMMJnMI5eHAFDbiDJrSAQQLP8ApvDjovzrvzsWgtOcXMMfyB8/kDZNaQqg==</latexit>

|�i
<latexit sha1_base64="p4InvZR/mXrHizEXbV5P8yCA8yo=">AAAB8nicbVBNS8NAEN3Ur1q/qh69LBbBiyURQY9FLx4r2FpIQ9lsJ+3SzSbsToQS+zO8eFDEq7/Gm//GbZuDtj4YeLw3w8y8MJXCoOt+O6WV1bX1jfJmZWt7Z3evun/QNkmmObR4IhPdCZkBKRS0UKCETqqBxaGEh3B0M/UfHkEbkah7HKcQxGygRCQ4Qyv5T/SMdjVTAwm9as2tuzPQZeIVpEYKNHvVr24/4VkMCrlkxviem2KQM42CS5hUupmBlPERG4BvqWIxmCCfnTyhJ1bp0yjRthTSmfp7ImexMeM4tJ0xw6FZ9Kbif56fYXQV5EKlGYLi80VRJikmdPo/7QsNHOXYEsa1sLdSPmSacbQpVWwI3uLLy6R9Xvfcund3UWtcF3GUyRE5JqfEI5ekQW5Jk7QIJwl5Jq/kzUHnxXl3PuatJaeYOSR/4Hz+AF6mkKY=</latexit><latexit sha1_base64="p4InvZR/mXrHizEXbV5P8yCA8yo=">AAAB8nicbVBNS8NAEN3Ur1q/qh69LBbBiyURQY9FLx4r2FpIQ9lsJ+3SzSbsToQS+zO8eFDEq7/Gm//GbZuDtj4YeLw3w8y8MJXCoOt+O6WV1bX1jfJmZWt7Z3evun/QNkmmObR4IhPdCZkBKRS0UKCETqqBxaGEh3B0M/UfHkEbkah7HKcQxGygRCQ4Qyv5T/SMdjVTAwm9as2tuzPQZeIVpEYKNHvVr24/4VkMCrlkxviem2KQM42CS5hUupmBlPERG4BvqWIxmCCfnTyhJ1bp0yjRthTSmfp7ImexMeM4tJ0xw6FZ9Kbif56fYXQV5EKlGYLi80VRJikmdPo/7QsNHOXYEsa1sLdSPmSacbQpVWwI3uLLy6R9Xvfcund3UWtcF3GUyRE5JqfEI5ekQW5Jk7QIJwl5Jq/kzUHnxXl3PuatJaeYOSR/4Hz+AF6mkKY=</latexit><latexit sha1_base64="p4InvZR/mXrHizEXbV5P8yCA8yo=">AAAB8nicbVBNS8NAEN3Ur1q/qh69LBbBiyURQY9FLx4r2FpIQ9lsJ+3SzSbsToQS+zO8eFDEq7/Gm//GbZuDtj4YeLw3w8y8MJXCoOt+O6WV1bX1jfJmZWt7Z3evun/QNkmmObR4IhPdCZkBKRS0UKCETqqBxaGEh3B0M/UfHkEbkah7HKcQxGygRCQ4Qyv5T/SMdjVTAwm9as2tuzPQZeIVpEYKNHvVr24/4VkMCrlkxviem2KQM42CS5hUupmBlPERG4BvqWIxmCCfnTyhJ1bp0yjRthTSmfp7ImexMeM4tJ0xw6FZ9Kbif56fYXQV5EKlGYLi80VRJikmdPo/7QsNHOXYEsa1sLdSPmSacbQpVWwI3uLLy6R9Xvfcund3UWtcF3GUyRE5JqfEI5ekQW5Jk7QIJwl5Jq/kzUHnxXl3PuatJaeYOSR/4Hz+AF6mkKY=</latexit><latexit sha1_base64="p4InvZR/mXrHizEXbV5P8yCA8yo=">AAAB8nicbVBNS8NAEN3Ur1q/qh69LBbBiyURQY9FLx4r2FpIQ9lsJ+3SzSbsToQS+zO8eFDEq7/Gm//GbZuDtj4YeLw3w8y8MJXCoOt+O6WV1bX1jfJmZWt7Z3evun/QNkmmObR4IhPdCZkBKRS0UKCETqqBxaGEh3B0M/UfHkEbkah7HKcQxGygRCQ4Qyv5T/SMdjVTAwm9as2tuzPQZeIVpEYKNHvVr24/4VkMCrlkxviem2KQM42CS5hUupmBlPERG4BvqWIxmCCfnTyhJ1bp0yjRthTSmfp7ImexMeM4tJ0xw6FZ9Kbif56fYXQV5EKlGYLi80VRJikmdPo/7QsNHOXYEsa1sLdSPmSacbQpVWwI3uLLy6R9Xvfcund3UWtcF3GUyRE5JqfEI5ekQW5Jk7QIJwl5Jq/kzUHnxXl3PuatJaeYOSR/4Hz+AF6mkKY=</latexit>

The setup



Quantum Key Distribution (QKD)

Protocol of Bennet and Brassard from 1984 (BB84)

The setup
Alice has a qubit preparation device with 2 settings
Bob has a qubit measurement device with 2 settings

(|0i, |1i)
<latexit sha1_base64="pzccCaiNIHnNX1C9pPYLPM4+eaw=">AAACAXicbZDLSsNAFIYn9VbrLepGcDNYhApSEhF0WXTjsoK9QBvKZHrSDp1MwsxEKGnd+CpuXCji1rdw59s4bSNo6w8DH/85hzPn92POlHacLyu3tLyyupZfL2xsbm3v2Lt7dRUlkkKNRjySTZ8o4ExATTPNoRlLIKHPoeEPrif1xj1IxSJxp4cxeCHpCRYwSrSxOvZBaeTgtiSix+EUj9wfPunYRafsTIUXwc2giDJVO/Znux vRJAShKSdKtVwn1l5KpGaUw7jQThTEhA5ID1oGBQlBeen0gjE+Nk4XB5E0T2g8dX9PpCRUahj6pjMkuq/maxPzv1or0cGllzIRJxoEnS0KEo51hCdx4C6TQDUfGiBUMvNXTPtEEqpNaAUTgjt/8iLUz8quU3Zvz4uVqyyOPDpER6iEXHSBKugGVVENUfSAntALerUerWfrzXqfteasbGYf/ZH18Q1ENpV7</latexit><latexit sha1_base64="pzccCaiNIHnNX1C9pPYLPM4+eaw=">AAACAXicbZDLSsNAFIYn9VbrLepGcDNYhApSEhF0WXTjsoK9QBvKZHrSDp1MwsxEKGnd+CpuXCji1rdw59s4bSNo6w8DH/85hzPn92POlHacLyu3tLyyupZfL2xsbm3v2Lt7dRUlkkKNRjySTZ8o4ExATTPNoRlLIKHPoeEPrif1xj1IxSJxp4cxeCHpCRYwSrSxOvZBaeTgtiSix+EUj9wfPunYRafsTIUXwc2giDJVO/Znux vRJAShKSdKtVwn1l5KpGaUw7jQThTEhA5ID1oGBQlBeen0gjE+Nk4XB5E0T2g8dX9PpCRUahj6pjMkuq/maxPzv1or0cGllzIRJxoEnS0KEo51hCdx4C6TQDUfGiBUMvNXTPtEEqpNaAUTgjt/8iLUz8quU3Zvz4uVqyyOPDpER6iEXHSBKugGVVENUfSAntALerUerWfrzXqfteasbGYf/ZH18Q1ENpV7</latexit><latexit sha1_base64="pzccCaiNIHnNX1C9pPYLPM4+eaw=">AAACAXicbZDLSsNAFIYn9VbrLepGcDNYhApSEhF0WXTjsoK9QBvKZHrSDp1MwsxEKGnd+CpuXCji1rdw59s4bSNo6w8DH/85hzPn92POlHacLyu3tLyyupZfL2xsbm3v2Lt7dRUlkkKNRjySTZ8o4ExATTPNoRlLIKHPoeEPrif1xj1IxSJxp4cxeCHpCRYwSrSxOvZBaeTgtiSix+EUj9wfPunYRafsTIUXwc2giDJVO/Znux vRJAShKSdKtVwn1l5KpGaUw7jQThTEhA5ID1oGBQlBeen0gjE+Nk4XB5E0T2g8dX9PpCRUahj6pjMkuq/maxPzv1or0cGllzIRJxoEnS0KEo51hCdx4C6TQDUfGiBUMvNXTPtEEqpNaAUTgjt/8iLUz8quU3Zvz4uVqyyOPDpER6iEXHSBKugGVVENUfSAntALerUerWfrzXqfteasbGYf/ZH18Q1ENpV7</latexit><latexit sha1_base64="pzccCaiNIHnNX1C9pPYLPM4+eaw=">AAACAXicbZDLSsNAFIYn9VbrLepGcDNYhApSEhF0WXTjsoK9QBvKZHrSDp1MwsxEKGnd+CpuXCji1rdw59s4bSNo6w8DH/85hzPn92POlHacLyu3tLyyupZfL2xsbm3v2Lt7dRUlkkKNRjySTZ8o4ExATTPNoRlLIKHPoeEPrif1xj1IxSJxp4cxeCHpCRYwSrSxOvZBaeTgtiSix+EUj9wfPunYRafsTIUXwc2giDJVO/Znux vRJAShKSdKtVwn1l5KpGaUw7jQThTEhA5ID1oGBQlBeen0gjE+Nk4XB5E0T2g8dX9PpCRUahj6pjMkuq/maxPzv1or0cGllzIRJxoEnS0KEo51hCdx4C6TQDUfGiBUMvNXTPtEEqpNaAUTgjt/8iLUz8quU3Zvz4uVqyyOPDpER6iEXHSBKugGVVENUfSAntALerUerWfrzXqfteasbGYf/ZH18Q1ENpV7</latexit> V/H



Quantum Key Distribution (QKD)

Protocol of Bennet and Brassard from 1984 (BB84)

Setting
Alice has a qubit preparation device with 2 settings
Bob has a qubit measurement device with 2 settings

(|+i, |�i)
<latexit sha1_base64="aperG2NDmSFlaJqGF+GscjLgngs=">AAACAXicbZDLSgMxFIYz9VbrbdSN4CZYhIpaZkTQZdGNywr2Au1QMumZNjSTGZKMUNq68VXcuFDErW/hzrcxbUfQ1h8CH/85h5Pz+zFnSjvOl5VZWFxaXsmu5tbWNza37O2dqooSSaFCIx7Juk8UcCagopnmUI8lkNDnUPN71+N67R6kYpG40/0YvJB0BAsYJdpYLXuvMDzGTUlEh8MJHp7+8FHLzjtFZyI8D24KeZSq3LI/m+2IJiEITTlRquE6sfYGRGpGOYxyzURBTGiPdKBhUJAQlDeYXDDCh8Zp4yCS5gmNJ+7viQEJleqHvukMie6q2drY/K/WSHRw6Q2YiBMNgk4XBQnHOsLjOHCbSaCa9w0QKpn5K6ZdIgnVJrScCcGdPXkeqmdF1ym6t+f50lUaRxbtowNUQC66QCV0g8qogih6QE/oBb1aj9az9Wa9T1szVjqzi/7I+vgGNgWVcg==</latexit><latexit sha1_base64="aperG2NDmSFlaJqGF+GscjLgngs=">AAACAXicbZDLSgMxFIYz9VbrbdSN4CZYhIpaZkTQZdGNywr2Au1QMumZNjSTGZKMUNq68VXcuFDErW/hzrcxbUfQ1h8CH/85h5Pz+zFnSjvOl5VZWFxaXsmu5tbWNza37O2dqooSSaFCIx7Juk8UcCagopnmUI8lkNDnUPN71+N67R6kYpG40/0YvJB0BAsYJdpYLXuvMDzGTUlEh8MJHp7+8FHLzjtFZyI8D24KeZSq3LI/m+2IJiEITTlRquE6sfYGRGpGOYxyzURBTGiPdKBhUJAQlDeYXDDCh8Zp4yCS5gmNJ+7viQEJleqHvukMie6q2drY/K/WSHRw6Q2YiBMNgk4XBQnHOsLjOHCbSaCa9w0QKpn5K6ZdIgnVJrScCcGdPXkeqmdF1ym6t+f50lUaRxbtowNUQC66QCV0g8qogih6QE/oBb1aj9az9Wa9T1szVjqzi/7I+vgGNgWVcg==</latexit><latexit sha1_base64="aperG2NDmSFlaJqGF+GscjLgngs=">AAACAXicbZDLSgMxFIYz9VbrbdSN4CZYhIpaZkTQZdGNywr2Au1QMumZNjSTGZKMUNq68VXcuFDErW/hzrcxbUfQ1h8CH/85h5Pz+zFnSjvOl5VZWFxaXsmu5tbWNza37O2dqooSSaFCIx7Juk8UcCagopnmUI8lkNDnUPN71+N67R6kYpG40/0YvJB0BAsYJdpYLXuvMDzGTUlEh8MJHp7+8FHLzjtFZyI8D24KeZSq3LI/m+2IJiEITTlRquE6sfYGRGpGOYxyzURBTGiPdKBhUJAQlDeYXDDCh8Zp4yCS5gmNJ+7viQEJleqHvukMie6q2drY/K/WSHRw6Q2YiBMNgk4XBQnHOsLjOHCbSaCa9w0QKpn5K6ZdIgnVJrScCcGdPXkeqmdF1ym6t+f50lUaRxbtowNUQC66QCV0g8qogih6QE/oBb1aj9az9Wa9T1szVjqzi/7I+vgGNgWVcg==</latexit><latexit sha1_base64="aperG2NDmSFlaJqGF+GscjLgngs=">AAACAXicbZDLSgMxFIYz9VbrbdSN4CZYhIpaZkTQZdGNywr2Au1QMumZNjSTGZKMUNq68VXcuFDErW/hzrcxbUfQ1h8CH/85h5Pz+zFnSjvOl5VZWFxaXsmu5tbWNza37O2dqooSSaFCIx7Juk8UcCagopnmUI8lkNDnUPN71+N67R6kYpG40/0YvJB0BAsYJdpYLXuvMDzGTUlEh8MJHp7+8FHLzjtFZyI8D24KeZSq3LI/m+2IJiEITTlRquE6sfYGRGpGOYxyzURBTGiPdKBhUJAQlDeYXDDCh8Zp4yCS5gmNJ+7viQEJleqHvukMie6q2drY/K/WSHRw6Q2YiBMNgk4XBQnHOsLjOHCbSaCa9w0QKpn5K6ZdIgnVJrScCcGdPXkeqmdF1ym6t+f50lUaRxbtowNUQC66QCV0g8qogih6QE/oBb1aj9az9Wa9T1szVjqzi/7I+vgGNgWVcg==</latexit> 45



Quantum Key Distribution (QKD)

Alice chooses uniformly at random to send either 0 or 1 
(each of the 4 states is chosen uniformly at random)

0
<latexit sha1_base64="6ZTwbptvK00HUiMuNssEoeJJPkc=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip6Q7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AeRmMtA==</latexit><latexit sha1_base64="6ZTwbptvK00HUiMuNssEoeJJPkc=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip6Q7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AeRmMtA==</latexit><latexit sha1_base64="6ZTwbptvK00HUiMuNssEoeJJPkc=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip6Q7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AeRmMtA==</latexit><latexit sha1_base64="6ZTwbptvK00HUiMuNssEoeJJPkc=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip6Q7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AeRmMtA==</latexit>

0
<latexit sha1_base64="6ZTwbptvK00HUiMuNssEoeJJPkc=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip6Q7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AeRmMtA==</latexit><latexit sha1_base64="6ZTwbptvK00HUiMuNssEoeJJPkc=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip6Q7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AeRmMtA==</latexit><latexit sha1_base64="6ZTwbptvK00HUiMuNssEoeJJPkc=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip6Q7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AeRmMtA==</latexit><latexit sha1_base64="6ZTwbptvK00HUiMuNssEoeJJPkc=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip6Q7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AeRmMtA==</latexit>

0
<latexit sha1_base64="6ZTwbptvK00HUiMuNssEoeJJPkc=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip6Q7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AeRmMtA==</latexit><latexit sha1_base64="6ZTwbptvK00HUiMuNssEoeJJPkc=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip6Q7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AeRmMtA==</latexit><latexit sha1_base64="6ZTwbptvK00HUiMuNssEoeJJPkc=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip6Q7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AeRmMtA==</latexit><latexit sha1_base64="6ZTwbptvK00HUiMuNssEoeJJPkc=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip6Q7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AeRmMtA==</latexit>

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

1
<latexit sha1_base64="l9eImvYcFOKpzEDji/n9jPDeWb8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip6Q3KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8Aep2MtQ==</latexit><latexit sha1_base64="l9eImvYcFOKpzEDji/n9jPDeWb8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip6Q3KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8Aep2MtQ==</latexit><latexit sha1_base64="l9eImvYcFOKpzEDji/n9jPDeWb8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip6Q3KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8Aep2MtQ==</latexit><latexit sha1_base64="l9eImvYcFOKpzEDji/n9jPDeWb8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip6Q3KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8Aep2MtQ==</latexit>
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Bob chooses uniformly at random to measure 
in either H/V basis or +45/-45



Quantum Key Distribution (QKD)

Alice announces preparation basis for each qubit
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<latexit sha1_base64="l9eImvYcFOKpzEDji/n9jPDeWb8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip6Q3KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8Aep2MtQ==</latexit><latexit sha1_base64="l9eImvYcFOKpzEDji/n9jPDeWb8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip6Q3KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8Aep2MtQ==</latexit><latexit sha1_base64="l9eImvYcFOKpzEDji/n9jPDeWb8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip6Q3KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8Aep2MtQ==</latexit><latexit sha1_base64="l9eImvYcFOKpzEDji/n9jPDeWb8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip6Q3KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8Aep2MtQ==</latexit>

0
<latexit sha1_base64="6ZTwbptvK00HUiMuNssEoeJJPkc=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip6Q7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AeRmMtA==</latexit><latexit sha1_base64="6ZTwbptvK00HUiMuNssEoeJJPkc=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip6Q7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AeRmMtA==</latexit><latexit sha1_base64="6ZTwbptvK00HUiMuNssEoeJJPkc=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip6Q7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AeRmMtA==</latexit><latexit sha1_base64="6ZTwbptvK00HUiMuNssEoeJJPkc=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip6Q7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AeRmMtA==</latexit>

Bob announces measurement basis for each qubit

Keep only results that match!



Quantum Key Distribution (QKD)

0
<latexit sha1_base64="6ZTwbptvK00HUiMuNssEoeJJPkc=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip6Q7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AeRmMtA==</latexit><latexit sha1_base64="6ZTwbptvK00HUiMuNssEoeJJPkc=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip6Q7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AeRmMtA==</latexit><latexit sha1_base64="6ZTwbptvK00HUiMuNssEoeJJPkc=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip6Q7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AeRmMtA==</latexit><latexit sha1_base64="6ZTwbptvK00HUiMuNssEoeJJPkc=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip6Q7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AeRmMtA==</latexit>
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<latexit sha1_base64="6ZTwbptvK00HUiMuNssEoeJJPkc=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip6Q7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AeRmMtA==</latexit><latexit sha1_base64="6ZTwbptvK00HUiMuNssEoeJJPkc=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip6Q7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AeRmMtA==</latexit><latexit sha1_base64="6ZTwbptvK00HUiMuNssEoeJJPkc=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip6Q7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AeRmMtA==</latexit><latexit sha1_base64="6ZTwbptvK00HUiMuNssEoeJJPkc=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip6Q7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AeRmMtA==</latexit>

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

0
<latexit sha1_base64="6ZTwbptvK00HUiMuNssEoeJJPkc=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip6Q7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AeRmMtA==</latexit><latexit sha1_base64="6ZTwbptvK00HUiMuNssEoeJJPkc=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip6Q7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AeRmMtA==</latexit><latexit sha1_base64="6ZTwbptvK00HUiMuNssEoeJJPkc=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip6Q7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AeRmMtA==</latexit><latexit sha1_base64="6ZTwbptvK00HUiMuNssEoeJJPkc=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip6Q7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AeRmMtA==</latexit>

Keep only results that match!

The outcomes they have for these results is the raw key



Quantum Key Distribution (QKD)

Alice and Bob now announce the preparation and measurement 
results for a small fraction of the raw key (say 10%)

This is called parameter estimation 
It’s used to detect errors and/or tampering

If the results match for more than say 90% of outcomes 
they proceed to do information reconciliation

Use error correcting codes to make the 2 raw keys be 
identical (with very high probability)

40£
Scan
Error  

correction



Quantum Key Distribution (QKD)

In information reconciliation Alice and Bob will 
leak some information about the key

Last step is privacy amplification

Use hash functions to “randomize” the shared key 
(ensuring that an eavesdropper learns very little about it)

Now Alice and Bob can use OTP with their shared key

This process can go on forever so that they are constantly 
producing keys (at a certain key-rate)



Quantum Key Distribution (QKD)

Classical authenticated channel Unsecure quantum channel
What about an eavesdropper?



Quantum Key Distribution (QKD)

Can observe the communication on the classical channel
Can tamper with the communication on the quantum channel



↵

Given one photon  
in the state Can you find   ?↵

Pick    at random from ↵ {�⇡/4, 0,⇡/4,⇡/2}

QM says no!
↵Cannot guess    with probability greater than 

Measurements disturb quantum states
Cannot copy unknown quantum states

1

2

Recall…



Quantum Key Distribution (QKD)

The eavesdropper has no better chance of finding 
Alice’s bit than random guessing

If the eavesdropper tampers with the qubits this 
will be detected in the parameter estimation phase

In a loose sense we can say that the security of QKD 
is due to no-cloning and quantum uncertainty

This is not a proof!

Actual proof is quite involved :)



Quantum Key Distribution (QKD)

How can Alice and Bob establish the authenticated channel?

Pre-share a short secret key

Given a common short key  
there are classical protocols  

for establishing the  
authenticated channel

Wegman-Carter scheme 
(IT secure)

Use public key post-quantum 
crypto to establish common key

Needs to be secure only for a 
short time

Forward-secrecy

Without the authenticated channel, QKD is vulnerable to 
Man-in-the-middle attacks (MITM)



Commercial QKD

Companies specifically focused on quantum crypto

ID Quantique, MagiQ Technologies Inc,  
QuintessenceLabs, SeQureNet

Companies that also do quantum crypto: 
Toshiba, IBM, HP, Mitsubishi, NEC etc

Most commercial devices achieve key rates on  
the order of Mbps over ~200km

Use existing fibre optic networks

Single or multi-photon sources; single-photon detectors



QKD in space

Chinese satellite Micius
Satellite has QKD transmitter and is used as a trusted relay



QKD in space

Key rate 3-9kbps  
(depending on distance to satellite)

Used to encrypt a teleconference between Vienna and Beijing 
on 29th of September 2017

Teleconference lasted for 75mins and used ~2GB of data

The QKD key was used as a seed for 128-bit AES block cipher

Seed-key refreshed every second, requiring only 70kB



Side-channel attacks

In practice we cannot implement the  
ideal version of the protocol

There can be attacks that exploit  
the physical implementation

E.g. photon splitting attack
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Side-channel attacks

In practice we cannot implement the  
ideal version of the protocol

There can be attacks that exploit  
the physical implementation

E.g. photon splitting attack
(can be detected using decoy states)

But there might be other attacks

Quantum hacking



The `trust issue’

Should Alice and Bob trust their devices?

What if the manufacturer has embedded trapdoors?

Correlations

Amazingly, there is a way to detect this!

Device-independent cryptography



Quantum Cryptography

Quantum cryptography isn’t just QKD 
(though QKD is a large focus)

Quantum digital signatures (QDS)

Blind quantum computation

Quantum secure multi-party computation

Quantum money

Quantum secure random number generation (QRNG)



References and resources

Quantum Proofs of Knowledge, D. Unruh
(source of quote on slide 4) 

https://eprint.iacr.org/2010/212.pdf 
(two talks about it by D. Unruh) 

https://www.youtube.com/watch?v=folJM_f0lj0  
https://www.youtube.com/watch?v=DgxnNyeWEuE 

Cryptography and Machine Learning, R. Rivest
https://people.csail.mit.edu/rivest/pubs/Riv91.pdf 

Quantum cryptography courses
https://courses.cs.ut.ee/all/MTAT.07.024/2015_fall/uploads/ 
http://users.cms.caltech.edu/~vidick/teaching/120_qcrypto/

index.html#lectures 

https://eprint.iacr.org/2010/212.pdf
https://www.youtube.com/watch?v=folJM_f0lj0
https://www.youtube.com/watch?v=DgxnNyeWEuE
https://people.csail.mit.edu/rivest/pubs/Riv91.pdf
https://courses.cs.ut.ee/all/MTAT.07.024/2015_fall/uploads/
http://users.cms.caltech.edu/~vidick/teaching/120_qcrypto/index.html#lectures
http://users.cms.caltech.edu/~vidick/teaching/120_qcrypto/index.html#lectures


References and resources

BB84 and quantum optics course
https://www.coursera.org/lecture/quantum-optics-single-photon/7-4-

quantum-cryptography-the-bb84-qkd-scheme-Ym4Yy 

Review paper on quantum cryptography
https://arxiv.org/abs/quant-ph/0101098 

QKD and BB84
https://cs.uwaterloo.ca/~watrous/LectureNotes/

CPSC519.Winter2006/18.pdf 

QKD and proof of security
https://arxiv.org/pdf/quant-ph/0011056.pdf 

https://www.coursera.org/lecture/quantum-optics-single-photon/7-4-quantum-cryptography-the-bb84-qkd-scheme-Ym4Yy
https://www.coursera.org/lecture/quantum-optics-single-photon/7-4-quantum-cryptography-the-bb84-qkd-scheme-Ym4Yy
https://arxiv.org/abs/quant-ph/0101098
https://cs.uwaterloo.ca/~watrous/LectureNotes/CPSC519.Winter2006/18.pdf
https://cs.uwaterloo.ca/~watrous/LectureNotes/CPSC519.Winter2006/18.pdf
https://arxiv.org/pdf/quant-ph/0011056.pdf


References and resources

Satellite QKD and Beijing-Vienna video-conference
https://arxiv.org/pdf/1707.00542.pdf  
https://arxiv.org/pdf/1801.04418.pdf 

Section 12.6 from Nielsen & Chuang

https://arxiv.org/pdf/1707.00542.pdf
https://arxiv.org/pdf/1801.04418.pdf

