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Secret Key Generation

Zn
<latexit sha1_base64="PlX6qh9O7Oy9RbqmV6XMXRuK6Eo=">AAAB6nicbZBNS8NAEIYn9avWr6pHL0uL4KkkIuix4MVjRfuBbSyb7aZdutmE3YlQQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjK9n9fYT10bE6h4nCfcjOlQiFIyite4eHlW/XHVr7lxkFbwcqpCr0S9/9QYxSyOukElqTNdzE/QzqlEwyaelXmp4QtmYDnnXoqIRN342X3VKTq0zIGGs7VNI5u7viYxGxkyiwHZGFEdmuTYz/6t1Uwyv/EyoJEWu2OKjMJUEYzK7mwyE5gzlxAJlWthdCRtRTRnadEo2BG/55FVondc8y7cX1Xolj6MIJ1CBM/DgEupwAw1oAoMhPMMrvDnSeXHenY9Fa8HJZ47hj5zPHy9NjZ4=</latexit><latexit sha1_base64="PlX6qh9O7Oy9RbqmV6XMXRuK6Eo=">AAAB6nicbZBNS8NAEIYn9avWr6pHL0uL4KkkIuix4MVjRfuBbSyb7aZdutmE3YlQQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjK9n9fYT10bE6h4nCfcjOlQiFIyite4eHlW/XHVr7lxkFbwcqpCr0S9/9QYxSyOukElqTNdzE/QzqlEwyaelXmp4QtmYDnnXoqIRN342X3VKTq0zIGGs7VNI5u7viYxGxkyiwHZGFEdmuTYz/6t1Uwyv/EyoJEWu2OKjMJUEYzK7mwyE5gzlxAJlWthdCRtRTRnadEo2BG/55FVondc8y7cX1Xolj6MIJ1CBM/DgEupwAw1oAoMhPMMrvDnSeXHenY9Fa8HJZ47hj5zPHy9NjZ4=</latexit><latexit sha1_base64="PlX6qh9O7Oy9RbqmV6XMXRuK6Eo=">AAAB6nicbZBNS8NAEIYn9avWr6pHL0uL4KkkIuix4MVjRfuBbSyb7aZdutmE3YlQQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjK9n9fYT10bE6h4nCfcjOlQiFIyite4eHlW/XHVr7lxkFbwcqpCr0S9/9QYxSyOukElqTNdzE/QzqlEwyaelXmp4QtmYDnnXoqIRN342X3VKTq0zIGGs7VNI5u7viYxGxkyiwHZGFEdmuTYz/6t1Uwyv/EyoJEWu2OKjMJUEYzK7mwyE5gzlxAJlWthdCRtRTRnadEo2BG/55FVondc8y7cX1Xolj6MIJ1CBM/DgEupwAw1oAoMhPMMrvDnSeXHenY9Fa8HJZ47hj5zPHy9NjZ4=</latexit><latexit sha1_base64="PlX6qh9O7Oy9RbqmV6XMXRuK6Eo=">AAAB6nicbZBNS8NAEIYn9avWr6pHL0uL4KkkIuix4MVjRfuBbSyb7aZdutmE3YlQQn+CFw+KePUXefPfuG1z0NYXFh7emWFn3iCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjK9n9fYT10bE6h4nCfcjOlQiFIyite4eHlW/XHVr7lxkFbwcqpCr0S9/9QYxSyOukElqTNdzE/QzqlEwyaelXmp4QtmYDnnXoqIRN342X3VKTq0zIGGs7VNI5u7viYxGxkyiwHZGFEdmuTYz/6t1Uwyv/EyoJEWu2OKjMJUEYzK7mwyE5gzlxAJlWthdCRtRTRnadEo2BG/55FVondc8y7cX1Xolj6MIJ1CBM/DgEupwAw1oAoMhPMMrvDnSeXHenY9Fa8HJZ47hj5zPHy9NjZ4=</latexit>

Xn Y nK
<latexit sha1_base64="vud5dsfxjxOXw81XuQ8d3Bg8Gbw=">AAAB6HicbZBNS8NAEIYn9avWr6pHL0uL4KkkIuix4EXw0oL9gDaUzXbSrt1swu5GKKG/wIsHRbz6k7z5b9y2OWjrCwsP78ywM2+QCK6N6347hY3Nre2d4m5pb//g8Kh8fNLWcaoYtlgsYtUNqEbBJbYMNwK7iUIaBQI7weR2Xu88odI8lg9mmqAf0ZHkIWfUWKt5PyhX3Zq7EFkHL4cq5GoMyl/9YczSCKVhgmrd89zE+BlVhjOBs1I/1ZhQNqEj7FmUNELtZ4tFZ+TcOkMSxso+acjC/T2R0UjraRTYzoiasV6tzc3/ar3UhDd+xmWSGpRs+VGYCmJiMr+aDLlCZsTUAmWK210JG1NFmbHZlGwI3urJ69C+rHmWm1fVeiWPowhnUIEL8OAa6nAHDWgBA4RneIU359F5cd6dj2VrwclnTuGPnM8fmGeMrw==</latexit><latexit sha1_base64="vud5dsfxjxOXw81XuQ8d3Bg8Gbw=">AAAB6HicbZBNS8NAEIYn9avWr6pHL0uL4KkkIuix4EXw0oL9gDaUzXbSrt1swu5GKKG/wIsHRbz6k7z5b9y2OWjrCwsP78ywM2+QCK6N6347hY3Nre2d4m5pb//g8Kh8fNLWcaoYtlgsYtUNqEbBJbYMNwK7iUIaBQI7weR2Xu88odI8lg9mmqAf0ZHkIWfUWKt5PyhX3Zq7EFkHL4cq5GoMyl/9YczSCKVhgmrd89zE+BlVhjOBs1I/1ZhQNqEj7FmUNELtZ4tFZ+TcOkMSxso+acjC/T2R0UjraRTYzoiasV6tzc3/ar3UhDd+xmWSGpRs+VGYCmJiMr+aDLlCZsTUAmWK210JG1NFmbHZlGwI3urJ69C+rHmWm1fVeiWPowhnUIEL8OAa6nAHDWgBA4RneIU359F5cd6dj2VrwclnTuGPnM8fmGeMrw==</latexit><latexit sha1_base64="vud5dsfxjxOXw81XuQ8d3Bg8Gbw=">AAAB6HicbZBNS8NAEIYn9avWr6pHL0uL4KkkIuix4EXw0oL9gDaUzXbSrt1swu5GKKG/wIsHRbz6k7z5b9y2OWjrCwsP78ywM2+QCK6N6347hY3Nre2d4m5pb//g8Kh8fNLWcaoYtlgsYtUNqEbBJbYMNwK7iUIaBQI7weR2Xu88odI8lg9mmqAf0ZHkIWfUWKt5PyhX3Zq7EFkHL4cq5GoMyl/9YczSCKVhgmrd89zE+BlVhjOBs1I/1ZhQNqEj7FmUNELtZ4tFZ+TcOkMSxso+acjC/T2R0UjraRTYzoiasV6tzc3/ar3UhDd+xmWSGpRs+VGYCmJiMr+aDLlCZsTUAmWK210JG1NFmbHZlGwI3urJ69C+rHmWm1fVeiWPowhnUIEL8OAa6nAHDWgBA4RneIU359F5cd6dj2VrwclnTuGPnM8fmGeMrw==</latexit><latexit sha1_base64="vud5dsfxjxOXw81XuQ8d3Bg8Gbw=">AAAB6HicbZBNS8NAEIYn9avWr6pHL0uL4KkkIuix4EXw0oL9gDaUzXbSrt1swu5GKKG/wIsHRbz6k7z5b9y2OWjrCwsP78ywM2+QCK6N6347hY3Nre2d4m5pb//g8Kh8fNLWcaoYtlgsYtUNqEbBJbYMNwK7iUIaBQI7weR2Xu88odI8lg9mmqAf0ZHkIWfUWKt5PyhX3Zq7EFkHL4cq5GoMyl/9YczSCKVhgmrd89zE+BlVhjOBs1I/1ZhQNqEj7FmUNELtZ4tFZ+TcOkMSxso+acjC/T2R0UjraRTYzoiasV6tzc3/ar3UhDd+xmWSGpRs+VGYCmJiMr+aDLlCZsTUAmWK210JG1NFmbHZlGwI3urJ69C+rHmWm1fVeiWPowhnUIEL8OAa6nAHDWgBA4RneIU359F5cd6dj2VrwclnTuGPnM8fmGeMrw==</latexit>

K̂
<latexit sha1_base64="haxp6VCBkkycqN10byE+Fn6pgdg=">AAAB7nicbZBNS8NAEIYn9avWr6hHL0uL4KkkIuix4EXwUsF+QBvKZrtpl242YXcilNAf4cWDIl79Pd78N27bHLT1hYWHd2bYmTdMpTDoed9OaWNza3unvFvZ2z84PHKPT9omyTTjLZbIRHdDargUirdQoOTdVHMah5J3wsntvN554tqIRD3iNOVBTEdKRIJRtFanP6aY388Gbs2rewuRdfALqEGh5sD96g8TlsVcIZPUmJ7vpRjkVKNgks8q/czwlLIJHfGeRUVjboJ8se6MnFtnSKJE26eQLNzfEzmNjZnGoe2MKY7Nam1u/lfrZRjdBLlQaYZcseVHUSYJJmR+OxkKzRnKqQXKtLC7EjammjK0CVVsCP7qyevQvqz7lh+uao1qEUcZzqAKF+DDNTTgDprQAgYTeIZXeHNS58V5dz6WrSWnmDmFP3I+fwBiPY98</latexit><latexit sha1_base64="haxp6VCBkkycqN10byE+Fn6pgdg=">AAAB7nicbZBNS8NAEIYn9avWr6hHL0uL4KkkIuix4EXwUsF+QBvKZrtpl242YXcilNAf4cWDIl79Pd78N27bHLT1hYWHd2bYmTdMpTDoed9OaWNza3unvFvZ2z84PHKPT9omyTTjLZbIRHdDargUirdQoOTdVHMah5J3wsntvN554tqIRD3iNOVBTEdKRIJRtFanP6aY388Gbs2rewuRdfALqEGh5sD96g8TlsVcIZPUmJ7vpRjkVKNgks8q/czwlLIJHfGeRUVjboJ8se6MnFtnSKJE26eQLNzfEzmNjZnGoe2MKY7Nam1u/lfrZRjdBLlQaYZcseVHUSYJJmR+OxkKzRnKqQXKtLC7EjammjK0CVVsCP7qyevQvqz7lh+uao1qEUcZzqAKF+DDNTTgDprQAgYTeIZXeHNS58V5dz6WrSWnmDmFP3I+fwBiPY98</latexit><latexit sha1_base64="haxp6VCBkkycqN10byE+Fn6pgdg=">AAAB7nicbZBNS8NAEIYn9avWr6hHL0uL4KkkIuix4EXwUsF+QBvKZrtpl242YXcilNAf4cWDIl79Pd78N27bHLT1hYWHd2bYmTdMpTDoed9OaWNza3unvFvZ2z84PHKPT9omyTTjLZbIRHdDargUirdQoOTdVHMah5J3wsntvN554tqIRD3iNOVBTEdKRIJRtFanP6aY388Gbs2rewuRdfALqEGh5sD96g8TlsVcIZPUmJ7vpRjkVKNgks8q/czwlLIJHfGeRUVjboJ8se6MnFtnSKJE26eQLNzfEzmNjZnGoe2MKY7Nam1u/lfrZRjdBLlQaYZcseVHUSYJJmR+OxkKzRnKqQXKtLC7EjammjK0CVVsCP7qyevQvqz7lh+uao1qEUcZzqAKF+DDNTTgDprQAgYTeIZXeHNS58V5dz6WrSWnmDmFP3I+fwBiPY98</latexit><latexit sha1_base64="haxp6VCBkkycqN10byE+Fn6pgdg=">AAAB7nicbZBNS8NAEIYn9avWr6hHL0uL4KkkIuix4EXwUsF+QBvKZrtpl242YXcilNAf4cWDIl79Pd78N27bHLT1hYWHd2bYmTdMpTDoed9OaWNza3unvFvZ2z84PHKPT9omyTTjLZbIRHdDargUirdQoOTdVHMah5J3wsntvN554tqIRD3iNOVBTEdKRIJRtFanP6aY388Gbs2rewuRdfALqEGh5sD96g8TlsVcIZPUmJ7vpRjkVKNgks8q/czwlLIJHfGeRUVjboJ8se6MnFtnSKJE26eQLNzfEzmNjZnGoe2MKY7Nam1u/lfrZRjdBLlQaYZcseVHUSYJJmR+OxkKzRnKqQXKtLC7EjammjK0CVVsCP7qyevQvqz7lh+uao1qEUcZzqAKF+DDNTTgDprQAgYTeIZXeHNS58V5dz6WrSWnmDmFP3I+fwBiPY98</latexit>

Alice
<latexit sha1_base64="PWf99zPbVwzSEIaSIeSeQfeFkLM=">AAAB83icbZBNS8NAEIY3ftb6VfXoZWkRPJVEBD1WvHisYD+gCWWznbRLN5uwOxFL6N/w4kERr/4Zb/4bt20O2vrCwsM7M8zsG6ZSGHTdb2dtfWNza7u0U97d2z84rBwdt02SaQ4tnshEd0NmQAoFLRQooZtqYHEooROOb2f1ziNoIxL1gJMUgpgNlYgEZ2gt30d4wvxGCg7TfqXm1t256Cp4BdRIoWa/8uUPEp7FoJBLZkzPc1MMcqZRcAnTsp8ZSBkfsyH0LCoWgwny+c1TemadAY0SbZ9COnd/T+QsNmYSh7YzZjgyy7WZ+V+tl2F0HeRCpRmC4otFUSYpJnQWAB0IDRzlxALjWthbKR8xzTjamMo2BG/5y6vQvqh7lu8va41qEUeJnJIqOSceuSINckeapEU4SckzeSVvTua8OO/Ox6J1zSlmTsgfOZ8/XwqRyQ==</latexit><latexit sha1_base64="PWf99zPbVwzSEIaSIeSeQfeFkLM=">AAAB83icbZBNS8NAEIY3ftb6VfXoZWkRPJVEBD1WvHisYD+gCWWznbRLN5uwOxFL6N/w4kERr/4Zb/4bt20O2vrCwsM7M8zsG6ZSGHTdb2dtfWNza7u0U97d2z84rBwdt02SaQ4tnshEd0NmQAoFLRQooZtqYHEooROOb2f1ziNoIxL1gJMUgpgNlYgEZ2gt30d4wvxGCg7TfqXm1t256Cp4BdRIoWa/8uUPEp7FoJBLZkzPc1MMcqZRcAnTsp8ZSBkfsyH0LCoWgwny+c1TemadAY0SbZ9COnd/T+QsNmYSh7YzZjgyy7WZ+V+tl2F0HeRCpRmC4otFUSYpJnQWAB0IDRzlxALjWthbKR8xzTjamMo2BG/5y6vQvqh7lu8va41qEUeJnJIqOSceuSINckeapEU4SckzeSVvTua8OO/Ox6J1zSlmTsgfOZ8/XwqRyQ==</latexit><latexit sha1_base64="PWf99zPbVwzSEIaSIeSeQfeFkLM=">AAAB83icbZBNS8NAEIY3ftb6VfXoZWkRPJVEBD1WvHisYD+gCWWznbRLN5uwOxFL6N/w4kERr/4Zb/4bt20O2vrCwsM7M8zsG6ZSGHTdb2dtfWNza7u0U97d2z84rBwdt02SaQ4tnshEd0NmQAoFLRQooZtqYHEooROOb2f1ziNoIxL1gJMUgpgNlYgEZ2gt30d4wvxGCg7TfqXm1t256Cp4BdRIoWa/8uUPEp7FoJBLZkzPc1MMcqZRcAnTsp8ZSBkfsyH0LCoWgwny+c1TemadAY0SbZ9COnd/T+QsNmYSh7YzZjgyy7WZ+V+tl2F0HeRCpRmC4otFUSYpJnQWAB0IDRzlxALjWthbKR8xzTjamMo2BG/5y6vQvqh7lu8va41qEUeJnJIqOSceuSINckeapEU4SckzeSVvTua8OO/Ox6J1zSlmTsgfOZ8/XwqRyQ==</latexit><latexit sha1_base64="ck8pdC+ekZH4nUmSP+ZG7r8lEyk=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odOn4MoA7ncAFXEMIN3MEDdKALAhJ4hXdv4r15H6uuat66tDP4I+/zBzjGijg=</latexit><latexit sha1_base64="BaGjLTU5ryNiUbIEeWtinIK1H9A=">AAAB6HicbZDNSgMxFIXv1L9aq1a3boJFcFVm3OhSceOygm2FdiiZ9E4bmskMyR2xDH0NNy4U8Ync+TamPwttPRD4OCfh3pwoU9KS7397pY3Nre2d8m5lr7p/cFg7qrZtmhuBLZGq1DxG3KKSGlskSeFjZpAnkcJONL6d5Z0nNFam+oEmGYYJH2oZS8HJWb0e4TMVN0oKnPZrdb/hz8XWIVhCHZZq9mtfvUEq8gQ1CcWt7QZ+RmHBDUmhcFrp5RYzLsZ8iF2Hmidow2K+85SdOWfA4tS4o4nN3d8vCp5YO0kidzPhNLKr2cz8L+vmFF+FhdRZTqjFYlCcK0YpmxXABtKgIDVxwIWRblcmRtxwQa6miishWP3yOrQvGoHjex/KcAKncA4BXMI13EETWiAggxd4g3cv9169j0VdJW/Z2zH8kff5Ax/PkIs=</latexit><latexit sha1_base64="BaGjLTU5ryNiUbIEeWtinIK1H9A=">AAAB6HicbZDNSgMxFIXv1L9aq1a3boJFcFVm3OhSceOygm2FdiiZ9E4bmskMyR2xDH0NNy4U8Ync+TamPwttPRD4OCfh3pwoU9KS7397pY3Nre2d8m5lr7p/cFg7qrZtmhuBLZGq1DxG3KKSGlskSeFjZpAnkcJONL6d5Z0nNFam+oEmGYYJH2oZS8HJWb0e4TMVN0oKnPZrdb/hz8XWIVhCHZZq9mtfvUEq8gQ1CcWt7QZ+RmHBDUmhcFrp5RYzLsZ8iF2Hmidow2K+85SdOWfA4tS4o4nN3d8vCp5YO0kidzPhNLKr2cz8L+vmFF+FhdRZTqjFYlCcK0YpmxXABtKgIDVxwIWRblcmRtxwQa6miishWP3yOrQvGoHjex/KcAKncA4BXMI13EETWiAggxd4g3cv9169j0VdJW/Z2zH8kff5Ax/PkIs=</latexit><latexit sha1_base64="76OEQrO0JJsIsazbCes5/058uCw=">AAAB83icbZBNS8NAEIY39avWr6pHL0uL4KkkXvRY8eKxgv2AJpTNdtIu3WzC7kQsoX/DiwdFvPpnvPlv3LY5aOsLCw/vzDCzb5hKYdB1v53SxubW9k55t7K3f3B4VD0+6Zgk0xzaPJGJ7oXMgBQK2ihQQi/VwOJQQjec3M7r3UfQRiTqAacpBDEbKREJztBavo/whPmNFBxmg2rdbbgL0XXwCqiTQq1B9csfJjyLQSGXzJi+56YY5Eyj4BJmFT8zkDI+YSPoW1QsBhPki5tn9Nw6Qxol2j6FdOH+nshZbMw0Dm1nzHBsVmtz879aP8PoOsiFSjMExZeLokxSTOg8ADoUGjjKqQXGtbC3Uj5mmnG0MVVsCN7ql9ehc9nwLN+79WatiKNMzkiNXBCPXJEmuSMt0iacpOSZvJI3J3NenHfnY9lacoqZU/JHzucPXcqRxQ==</latexit><latexit sha1_base64="PWf99zPbVwzSEIaSIeSeQfeFkLM=">AAAB83icbZBNS8NAEIY3ftb6VfXoZWkRPJVEBD1WvHisYD+gCWWznbRLN5uwOxFL6N/w4kERr/4Zb/4bt20O2vrCwsM7M8zsG6ZSGHTdb2dtfWNza7u0U97d2z84rBwdt02SaQ4tnshEd0NmQAoFLRQooZtqYHEooROOb2f1ziNoIxL1gJMUgpgNlYgEZ2gt30d4wvxGCg7TfqXm1t256Cp4BdRIoWa/8uUPEp7FoJBLZkzPc1MMcqZRcAnTsp8ZSBkfsyH0LCoWgwny+c1TemadAY0SbZ9COnd/T+QsNmYSh7YzZjgyy7WZ+V+tl2F0HeRCpRmC4otFUSYpJnQWAB0IDRzlxALjWthbKR8xzTjamMo2BG/5y6vQvqh7lu8va41qEUeJnJIqOSceuSINckeapEU4SckzeSVvTua8OO/Ox6J1zSlmTsgfOZ8/XwqRyQ==</latexit><latexit sha1_base64="PWf99zPbVwzSEIaSIeSeQfeFkLM=">AAAB83icbZBNS8NAEIY3ftb6VfXoZWkRPJVEBD1WvHisYD+gCWWznbRLN5uwOxFL6N/w4kERr/4Zb/4bt20O2vrCwsM7M8zsG6ZSGHTdb2dtfWNza7u0U97d2z84rBwdt02SaQ4tnshEd0NmQAoFLRQooZtqYHEooROOb2f1ziNoIxL1gJMUgpgNlYgEZ2gt30d4wvxGCg7TfqXm1t256Cp4BdRIoWa/8uUPEp7FoJBLZkzPc1MMcqZRcAnTsp8ZSBkfsyH0LCoWgwny+c1TemadAY0SbZ9COnd/T+QsNmYSh7YzZjgyy7WZ+V+tl2F0HeRCpRmC4otFUSYpJnQWAB0IDRzlxALjWthbKR8xzTjamMo2BG/5y6vQvqh7lu8va41qEUeJnJIqOSceuSINckeapEU4SckzeSVvTua8OO/Ox6J1zSlmTsgfOZ8/XwqRyQ==</latexit><latexit sha1_base64="PWf99zPbVwzSEIaSIeSeQfeFkLM=">AAAB83icbZBNS8NAEIY3ftb6VfXoZWkRPJVEBD1WvHisYD+gCWWznbRLN5uwOxFL6N/w4kERr/4Zb/4bt20O2vrCwsM7M8zsG6ZSGHTdb2dtfWNza7u0U97d2z84rBwdt02SaQ4tnshEd0NmQAoFLRQooZtqYHEooROOb2f1ziNoIxL1gJMUgpgNlYgEZ2gt30d4wvxGCg7TfqXm1t256Cp4BdRIoWa/8uUPEp7FoJBLZkzPc1MMcqZRcAnTsp8ZSBkfsyH0LCoWgwny+c1TemadAY0SbZ9COnd/T+QsNmYSh7YzZjgyy7WZ+V+tl2F0HeRCpRmC4otFUSYpJnQWAB0IDRzlxALjWthbKR8xzTjamMo2BG/5y6vQvqh7lu8va41qEUeJnJIqOSceuSINckeapEU4SckzeSVvTua8OO/Ox6J1zSlmTsgfOZ8/XwqRyQ==</latexit><latexit sha1_base64="PWf99zPbVwzSEIaSIeSeQfeFkLM=">AAAB83icbZBNS8NAEIY3ftb6VfXoZWkRPJVEBD1WvHisYD+gCWWznbRLN5uwOxFL6N/w4kERr/4Zb/4bt20O2vrCwsM7M8zsG6ZSGHTdb2dtfWNza7u0U97d2z84rBwdt02SaQ4tnshEd0NmQAoFLRQooZtqYHEooROOb2f1ziNoIxL1gJMUgpgNlYgEZ2gt30d4wvxGCg7TfqXm1t256Cp4BdRIoWa/8uUPEp7FoJBLZkzPc1MMcqZRcAnTsp8ZSBkfsyH0LCoWgwny+c1TemadAY0SbZ9COnd/T+QsNmYSh7YzZjgyy7WZ+V+tl2F0HeRCpRmC4otFUSYpJnQWAB0IDRzlxALjWthbKR8xzTjamMo2BG/5y6vQvqh7lu8va41qEUeJnJIqOSceuSINckeapEU4SckzeSVvTua8OO/Ox6J1zSlmTsgfOZ8/XwqRyQ==</latexit><latexit sha1_base64="PWf99zPbVwzSEIaSIeSeQfeFkLM=">AAAB83icbZBNS8NAEIY3ftb6VfXoZWkRPJVEBD1WvHisYD+gCWWznbRLN5uwOxFL6N/w4kERr/4Zb/4bt20O2vrCwsM7M8zsG6ZSGHTdb2dtfWNza7u0U97d2z84rBwdt02SaQ4tnshEd0NmQAoFLRQooZtqYHEooROOb2f1ziNoIxL1gJMUgpgNlYgEZ2gt30d4wvxGCg7TfqXm1t256Cp4BdRIoWa/8uUPEp7FoJBLZkzPc1MMcqZRcAnTsp8ZSBkfsyH0LCoWgwny+c1TemadAY0SbZ9COnd/T+QsNmYSh7YzZjgyy7WZ+V+tl2F0HeRCpRmC4otFUSYpJnQWAB0IDRzlxALjWthbKR8xzTjamMo2BG/5y6vQvqh7lu8va41qEUeJnJIqOSceuSINckeapEU4SckzeSVvTua8OO/Ox6J1zSlmTsgfOZ8/XwqRyQ==</latexit><latexit sha1_base64="PWf99zPbVwzSEIaSIeSeQfeFkLM=">AAAB83icbZBNS8NAEIY3ftb6VfXoZWkRPJVEBD1WvHisYD+gCWWznbRLN5uwOxFL6N/w4kERr/4Zb/4bt20O2vrCwsM7M8zsG6ZSGHTdb2dtfWNza7u0U97d2z84rBwdt02SaQ4tnshEd0NmQAoFLRQooZtqYHEooROOb2f1ziNoIxL1gJMUgpgNlYgEZ2gt30d4wvxGCg7TfqXm1t256Cp4BdRIoWa/8uUPEp7FoJBLZkzPc1MMcqZRcAnTsp8ZSBkfsyH0LCoWgwny+c1TemadAY0SbZ9COnd/T+QsNmYSh7YzZjgyy7WZ+V+tl2F0HeRCpRmC4otFUSYpJnQWAB0IDRzlxALjWthbKR8xzTjamMo2BG/5y6vQvqh7lu8va41qEUeJnJIqOSceuSINckeapEU4SckzeSVvTua8OO/Ox6J1zSlmTsgfOZ8/XwqRyQ==</latexit>

Eve
<latexit sha1_base64="7bO6j1phj5n8Z+9op2Tv6zuIjH0=">AAAB8XicbZBNSwMxEIaz9avWr6pHL6FF8FR2RdBjQQSPFWwrtkvJprNtaDa7JLPFsvRfePGgiFf/jTf/jWm7B219IfDwzgyZeYNECoOu++0U1tY3NreK26Wd3b39g/LhUcvEqebQ5LGM9UPADEihoIkCJTwkGlgUSGgHo+tZvT0GbUSs7nGSgB+xgRKh4Ayt9dhFeMLsZgzTXrnq1ty56Cp4OVRJrkav/NXtxzyNQCGXzJiO5yboZ0yj4BKmpW5qIGF8xAbQsahYBMbP5htP6al1+jSMtX0K6dz9PZGxyJhJFNjOiOHQLNdm5n+1TorhlZ8JlaQIii8+ClNJMaaz82lfaOAoJxYY18LuSvmQacbRhlSyIXjLJ69C67zmWb67qNYreRxFckIq5Ix45JLUyS1pkCbhRJFn8kreHOO8OO/Ox6K14OQzx+SPnM8f7JOQ9w==</latexit><latexit sha1_base64="7bO6j1phj5n8Z+9op2Tv6zuIjH0=">AAAB8XicbZBNSwMxEIaz9avWr6pHL6FF8FR2RdBjQQSPFWwrtkvJprNtaDa7JLPFsvRfePGgiFf/jTf/jWm7B219IfDwzgyZeYNECoOu++0U1tY3NreK26Wd3b39g/LhUcvEqebQ5LGM9UPADEihoIkCJTwkGlgUSGgHo+tZvT0GbUSs7nGSgB+xgRKh4Ayt9dhFeMLsZgzTXrnq1ty56Cp4OVRJrkav/NXtxzyNQCGXzJiO5yboZ0yj4BKmpW5qIGF8xAbQsahYBMbP5htP6al1+jSMtX0K6dz9PZGxyJhJFNjOiOHQLNdm5n+1TorhlZ8JlaQIii8+ClNJMaaz82lfaOAoJxYY18LuSvmQacbRhlSyIXjLJ69C67zmWb67qNYreRxFckIq5Ix45JLUyS1pkCbhRJFn8kreHOO8OO/Ox6K14OQzx+SPnM8f7JOQ9w==</latexit><latexit sha1_base64="7bO6j1phj5n8Z+9op2Tv6zuIjH0=">AAAB8XicbZBNSwMxEIaz9avWr6pHL6FF8FR2RdBjQQSPFWwrtkvJprNtaDa7JLPFsvRfePGgiFf/jTf/jWm7B219IfDwzgyZeYNECoOu++0U1tY3NreK26Wd3b39g/LhUcvEqebQ5LGM9UPADEihoIkCJTwkGlgUSGgHo+tZvT0GbUSs7nGSgB+xgRKh4Ayt9dhFeMLsZgzTXrnq1ty56Cp4OVRJrkav/NXtxzyNQCGXzJiO5yboZ0yj4BKmpW5qIGF8xAbQsahYBMbP5htP6al1+jSMtX0K6dz9PZGxyJhJFNjOiOHQLNdm5n+1TorhlZ8JlaQIii8+ClNJMaaz82lfaOAoJxYY18LuSvmQacbRhlSyIXjLJ69C67zmWb67qNYreRxFckIq5Ix45JLUyS1pkCbhRJFn8kreHOO8OO/Ox6K14OQzx+SPnM8f7JOQ9w==</latexit><latexit sha1_base64="7bO6j1phj5n8Z+9op2Tv6zuIjH0=">AAAB8XicbZBNSwMxEIaz9avWr6pHL6FF8FR2RdBjQQSPFWwrtkvJprNtaDa7JLPFsvRfePGgiFf/jTf/jWm7B219IfDwzgyZeYNECoOu++0U1tY3NreK26Wd3b39g/LhUcvEqebQ5LGM9UPADEihoIkCJTwkGlgUSGgHo+tZvT0GbUSs7nGSgB+xgRKh4Ayt9dhFeMLsZgzTXrnq1ty56Cp4OVRJrkav/NXtxzyNQCGXzJiO5yboZ0yj4BKmpW5qIGF8xAbQsahYBMbP5htP6al1+jSMtX0K6dz9PZGxyJhJFNjOiOHQLNdm5n+1TorhlZ8JlaQIii8+ClNJMaaz82lfaOAoJxYY18LuSvmQacbRhlSyIXjLJ69C67zmWb67qNYreRxFckIq5Ix45JLUyS1pkCbhRJFn8kreHOO8OO/Ox6K14OQzx+SPnM8f7JOQ9w==</latexit>

Bob
<latexit sha1_base64="iifYz7JA7aKFwvds7XBnGS/aw+o=">AAAB8XicbZBNS8NAEIYn9avWr6pHL6FF8FQSEfRY9OKxgv3ANpTNdtMu3eyG3YlYQv+FFw+KePXfePPfuG1z0NYXFh7emWFn3jAR3KDnfTuFtfWNza3idmlnd2//oHx41DIq1ZQ1qRJKd0JimOCSNZGjYJ1EMxKHgrXD8c2s3n5k2nAl73GSsCAmQ8kjTgla66GH7AmzaxVO++WqV/PmclfBz6EKuRr98ldvoGgaM4lUEGO6vpdgkBGNnAo2LfVSwxJCx2TIuhYliZkJsvnGU/fUOgM3Uto+ie7c/T2RkdiYSRzazpjgyCzXZuZ/tW6K0VWQcZmkyCRdfBSlwkXlzs53B1wzimJigVDN7a4uHRFNKNqQSjYEf/nkVWid13zLdxfVeiWPowgnUIEz8OES6nALDWgCBQnP8ApvjnFenHfnY9FacPKZY/gj5/MH2MWQ6g==</latexit><latexit sha1_base64="iifYz7JA7aKFwvds7XBnGS/aw+o=">AAAB8XicbZBNS8NAEIYn9avWr6pHL6FF8FQSEfRY9OKxgv3ANpTNdtMu3eyG3YlYQv+FFw+KePXfePPfuG1z0NYXFh7emWFn3jAR3KDnfTuFtfWNza3idmlnd2//oHx41DIq1ZQ1qRJKd0JimOCSNZGjYJ1EMxKHgrXD8c2s3n5k2nAl73GSsCAmQ8kjTgla66GH7AmzaxVO++WqV/PmclfBz6EKuRr98ldvoGgaM4lUEGO6vpdgkBGNnAo2LfVSwxJCx2TIuhYliZkJsvnGU/fUOgM3Uto+ie7c/T2RkdiYSRzazpjgyCzXZuZ/tW6K0VWQcZmkyCRdfBSlwkXlzs53B1wzimJigVDN7a4uHRFNKNqQSjYEf/nkVWid13zLdxfVeiWPowgnUIEz8OES6nALDWgCBQnP8ApvjnFenHfnY9FacPKZY/gj5/MH2MWQ6g==</latexit><latexit sha1_base64="iifYz7JA7aKFwvds7XBnGS/aw+o=">AAAB8XicbZBNS8NAEIYn9avWr6pHL6FF8FQSEfRY9OKxgv3ANpTNdtMu3eyG3YlYQv+FFw+KePXfePPfuG1z0NYXFh7emWFn3jAR3KDnfTuFtfWNza3idmlnd2//oHx41DIq1ZQ1qRJKd0JimOCSNZGjYJ1EMxKHgrXD8c2s3n5k2nAl73GSsCAmQ8kjTgla66GH7AmzaxVO++WqV/PmclfBz6EKuRr98ldvoGgaM4lUEGO6vpdgkBGNnAo2LfVSwxJCx2TIuhYliZkJsvnGU/fUOgM3Uto+ie7c/T2RkdiYSRzazpjgyCzXZuZ/tW6K0VWQcZmkyCRdfBSlwkXlzs53B1wzimJigVDN7a4uHRFNKNqQSjYEf/nkVWid13zLdxfVeiWPowgnUIEz8OES6nALDWgCBQnP8ApvjnFenHfnY9FacPKZY/gj5/MH2MWQ6g==</latexit><latexit sha1_base64="iifYz7JA7aKFwvds7XBnGS/aw+o=">AAAB8XicbZBNS8NAEIYn9avWr6pHL6FF8FQSEfRY9OKxgv3ANpTNdtMu3eyG3YlYQv+FFw+KePXfePPfuG1z0NYXFh7emWFn3jAR3KDnfTuFtfWNza3idmlnd2//oHx41DIq1ZQ1qRJKd0JimOCSNZGjYJ1EMxKHgrXD8c2s3n5k2nAl73GSsCAmQ8kjTgla66GH7AmzaxVO++WqV/PmclfBz6EKuRr98ldvoGgaM4lUEGO6vpdgkBGNnAo2LfVSwxJCx2TIuhYliZkJsvnGU/fUOgM3Uto+ie7c/T2RkdiYSRzazpjgyCzXZuZ/tW6K0VWQcZmkyCRdfBSlwkXlzs53B1wzimJigVDN7a4uHRFNKNqQSjYEf/nkVWid13zLdxfVeiWPowgnUIEz8OES6nALDWgCBQnP8ApvjnFenHfnY9FacPKZY/gj5/MH2MWQ6g==</latexit>

Source PXY Z
<latexit sha1_base64="LDh4n07Jov8VmMUHxgUQvcFN3BE=">AAAB/nicbZDLSsNAFIYnXmu9VcWVm6FFcFUSEXRZcOOyor1oG8JkOmmHTiZh5kQsIeCruHGhiFufw51v4zTNQlsPDHz8/zkzZ34/FlyDbX9bS8srq2vrpY3y5tb2zm5lb7+to0RR1qKRiFTXJ5oJLlkLOAjWjRUjoS9Yxx9fTv3OA1OaR/IWJjFzQzKUPOCUgJG8ymEf2COkN/l9OGt6affuPvMqNbtu54UXwSmghopqepWv/iCiScgkUEG07jl2DG5KFHAqWFbuJ5rFhI7JkPUMShIy7ab5+hk+NsoAB5EyRwLO1d8TKQm1noS+6QwJjPS8NxX/83oJBBduymWcAJN09lCQCAwRnmaBB1wxCmJigFDFza6YjogiFExiZROCM//lRWif1h3D12e1RrWIo4SOUBWdIAedowa6Qk3UQhSl6Bm9ojfryXqx3q2PWeuSVcwcoD9lff4AhEmVuQ==</latexit><latexit sha1_base64="LDh4n07Jov8VmMUHxgUQvcFN3BE=">AAAB/nicbZDLSsNAFIYnXmu9VcWVm6FFcFUSEXRZcOOyor1oG8JkOmmHTiZh5kQsIeCruHGhiFufw51v4zTNQlsPDHz8/zkzZ34/FlyDbX9bS8srq2vrpY3y5tb2zm5lb7+to0RR1qKRiFTXJ5oJLlkLOAjWjRUjoS9Yxx9fTv3OA1OaR/IWJjFzQzKUPOCUgJG8ymEf2COkN/l9OGt6affuPvMqNbtu54UXwSmghopqepWv/iCiScgkUEG07jl2DG5KFHAqWFbuJ5rFhI7JkPUMShIy7ab5+hk+NsoAB5EyRwLO1d8TKQm1noS+6QwJjPS8NxX/83oJBBduymWcAJN09lCQCAwRnmaBB1wxCmJigFDFza6YjogiFExiZROCM//lRWif1h3D12e1RrWIo4SOUBWdIAedowa6Qk3UQhSl6Bm9ojfryXqx3q2PWeuSVcwcoD9lff4AhEmVuQ==</latexit><latexit sha1_base64="LDh4n07Jov8VmMUHxgUQvcFN3BE=">AAAB/nicbZDLSsNAFIYnXmu9VcWVm6FFcFUSEXRZcOOyor1oG8JkOmmHTiZh5kQsIeCruHGhiFufw51v4zTNQlsPDHz8/zkzZ34/FlyDbX9bS8srq2vrpY3y5tb2zm5lb7+to0RR1qKRiFTXJ5oJLlkLOAjWjRUjoS9Yxx9fTv3OA1OaR/IWJjFzQzKUPOCUgJG8ymEf2COkN/l9OGt6affuPvMqNbtu54UXwSmghopqepWv/iCiScgkUEG07jl2DG5KFHAqWFbuJ5rFhI7JkPUMShIy7ab5+hk+NsoAB5EyRwLO1d8TKQm1noS+6QwJjPS8NxX/83oJBBduymWcAJN09lCQCAwRnmaBB1wxCmJigFDFza6YjogiFExiZROCM//lRWif1h3D12e1RrWIo4SOUBWdIAedowa6Qk3UQhSl6Bm9ojfryXqx3q2PWeuSVcwcoD9lff4AhEmVuQ==</latexit><latexit sha1_base64="LDh4n07Jov8VmMUHxgUQvcFN3BE=">AAAB/nicbZDLSsNAFIYnXmu9VcWVm6FFcFUSEXRZcOOyor1oG8JkOmmHTiZh5kQsIeCruHGhiFufw51v4zTNQlsPDHz8/zkzZ34/FlyDbX9bS8srq2vrpY3y5tb2zm5lb7+to0RR1qKRiFTXJ5oJLlkLOAjWjRUjoS9Yxx9fTv3OA1OaR/IWJjFzQzKUPOCUgJG8ymEf2COkN/l9OGt6affuPvMqNbtu54UXwSmghopqepWv/iCiScgkUEG07jl2DG5KFHAqWFbuJ5rFhI7JkPUMShIy7ab5+hk+NsoAB5EyRwLO1d8TKQm1noS+6QwJjPS8NxX/83oJBBduymWcAJN09lCQCAwRnmaBB1wxCmJigFDFza6YjogiFExiZROCM//lRWif1h3D12e1RrWIo4SOUBWdIAedowa6Qk3UQhSl6Bm9ojfryXqx3q2PWeuSVcwcoD9lff4AhEmVuQ==</latexit>

Public Channel Wp
<latexit sha1_base64="B+BNgZmF5KMJtVlIuJMiQKNG5ME=">AAACBHicbZA9SwNBEIb34leMX1HLNEuCYBXuRNAykMYygvmAJBx7m0myZG/v2J0Tw5HCxr9iY6GIrT/Czn/jJrlCE19YeHhnhtl5g1gKg6777eQ2Nre2d/K7hb39g8Oj4vFJy0SJ5tDkkYx0J2AGpFDQRIESOrEGFgYS2sGkPq+370EbEak7nMbQD9lIiaHgDK3lF0s9hAdMG0kgBaf1MVMKJJ21/TSe+cWKW3UXouvgZVAhmRp+8as3iHgSgkIumTFdz42xnzKNgkuYFXqJgZjxCRtB16JiIZh+ujhiRs+sM6DDSNunkC7c3xMpC42ZhoHtDBmOzWptbv5X6yY4vO6nQsUJguLLRcNEUozoPBE6EBo4yqkFxrWwf6V8zDTjaHMr2BC81ZPXoXVR9SzfXlZq5SyOPCmRMjknHrkiNXJDGqRJOHkkz+SVvDlPzovz7nwsW3NONnNK/sj5/AHtXZgo</latexit><latexit sha1_base64="B+BNgZmF5KMJtVlIuJMiQKNG5ME=">AAACBHicbZA9SwNBEIb34leMX1HLNEuCYBXuRNAykMYygvmAJBx7m0myZG/v2J0Tw5HCxr9iY6GIrT/Czn/jJrlCE19YeHhnhtl5g1gKg6777eQ2Nre2d/K7hb39g8Oj4vFJy0SJ5tDkkYx0J2AGpFDQRIESOrEGFgYS2sGkPq+370EbEak7nMbQD9lIiaHgDK3lF0s9hAdMG0kgBaf1MVMKJJ21/TSe+cWKW3UXouvgZVAhmRp+8as3iHgSgkIumTFdz42xnzKNgkuYFXqJgZjxCRtB16JiIZh+ujhiRs+sM6DDSNunkC7c3xMpC42ZhoHtDBmOzWptbv5X6yY4vO6nQsUJguLLRcNEUozoPBE6EBo4yqkFxrWwf6V8zDTjaHMr2BC81ZPXoXVR9SzfXlZq5SyOPCmRMjknHrkiNXJDGqRJOHkkz+SVvDlPzovz7nwsW3NONnNK/sj5/AHtXZgo</latexit><latexit sha1_base64="B+BNgZmF5KMJtVlIuJMiQKNG5ME=">AAACBHicbZA9SwNBEIb34leMX1HLNEuCYBXuRNAykMYygvmAJBx7m0myZG/v2J0Tw5HCxr9iY6GIrT/Czn/jJrlCE19YeHhnhtl5g1gKg6777eQ2Nre2d/K7hb39g8Oj4vFJy0SJ5tDkkYx0J2AGpFDQRIESOrEGFgYS2sGkPq+370EbEak7nMbQD9lIiaHgDK3lF0s9hAdMG0kgBaf1MVMKJJ21/TSe+cWKW3UXouvgZVAhmRp+8as3iHgSgkIumTFdz42xnzKNgkuYFXqJgZjxCRtB16JiIZh+ujhiRs+sM6DDSNunkC7c3xMpC42ZhoHtDBmOzWptbv5X6yY4vO6nQsUJguLLRcNEUozoPBE6EBo4yqkFxrWwf6V8zDTjaHMr2BC81ZPXoXVR9SzfXlZq5SyOPCmRMjknHrkiNXJDGqRJOHkkz+SVvDlPzovz7nwsW3NONnNK/sj5/AHtXZgo</latexit><latexit sha1_base64="B+BNgZmF5KMJtVlIuJMiQKNG5ME=">AAACBHicbZA9SwNBEIb34leMX1HLNEuCYBXuRNAykMYygvmAJBx7m0myZG/v2J0Tw5HCxr9iY6GIrT/Czn/jJrlCE19YeHhnhtl5g1gKg6777eQ2Nre2d/K7hb39g8Oj4vFJy0SJ5tDkkYx0J2AGpFDQRIESOrEGFgYS2sGkPq+370EbEak7nMbQD9lIiaHgDK3lF0s9hAdMG0kgBaf1MVMKJJ21/TSe+cWKW3UXouvgZVAhmRp+8as3iHgSgkIumTFdz42xnzKNgkuYFXqJgZjxCRtB16JiIZh+ujhiRs+sM6DDSNunkC7c3xMpC42ZhoHtDBmOzWptbv5X6yY4vO6nQsUJguLLRcNEUozoPBE6EBo4yqkFxrWwf6V8zDTjaHMr2BC81ZPXoXVR9SzfXlZq5SyOPCmRMjknHrkiNXJDGqRJOHkkz+SVvDlPzovz7nwsW3NONnNK/sj5/AHtXZgo</latexit>

Mnp
<latexit sha1_base64="agBJSz6SSAGFj9Aq+7ejVa+bu5Y=">AAAB7nicbZBNSwMxEIZn/az1q+rRS2gRPJVdEfRY8OJFqGA/oF1LNp22odlsSLJCWfojvHhQxKu/x5v/xrTdg7a+EHh4Z4bMvJES3Fjf//bW1jc2t7YLO8Xdvf2Dw9LRcdMkqWbYYIlIdDuiBgWX2LDcCmwrjTSOBLai8c2s3npCbXgiH+xEYRjToeQDzqh1VuvuMZM9Ne2VKn7Vn4usQpBDBXLVe6Wvbj9haYzSMkGN6QS+smFGteVM4LTYTQ0qysZ0iB2HksZowmy+7pScOadPBol2T1oyd39PZDQ2ZhJHrjOmdmSWazPzv1ontYPrMONSpRYlW3w0SAWxCZndTvpcI7Ni4oAyzd2uhI2opsy6hIouhGD55FVoXlQDx/eXlVo5j6MAp1CGcwjgCmpwC3VoAIMxPMMrvHnKe/HevY9F65qXz5zAH3mfP2gEj4A=</latexit><latexit sha1_base64="agBJSz6SSAGFj9Aq+7ejVa+bu5Y=">AAAB7nicbZBNSwMxEIZn/az1q+rRS2gRPJVdEfRY8OJFqGA/oF1LNp22odlsSLJCWfojvHhQxKu/x5v/xrTdg7a+EHh4Z4bMvJES3Fjf//bW1jc2t7YLO8Xdvf2Dw9LRcdMkqWbYYIlIdDuiBgWX2LDcCmwrjTSOBLai8c2s3npCbXgiH+xEYRjToeQDzqh1VuvuMZM9Ne2VKn7Vn4usQpBDBXLVe6Wvbj9haYzSMkGN6QS+smFGteVM4LTYTQ0qysZ0iB2HksZowmy+7pScOadPBol2T1oyd39PZDQ2ZhJHrjOmdmSWazPzv1ontYPrMONSpRYlW3w0SAWxCZndTvpcI7Ni4oAyzd2uhI2opsy6hIouhGD55FVoXlQDx/eXlVo5j6MAp1CGcwjgCmpwC3VoAIMxPMMrvHnKe/HevY9F65qXz5zAH3mfP2gEj4A=</latexit><latexit sha1_base64="agBJSz6SSAGFj9Aq+7ejVa+bu5Y=">AAAB7nicbZBNSwMxEIZn/az1q+rRS2gRPJVdEfRY8OJFqGA/oF1LNp22odlsSLJCWfojvHhQxKu/x5v/xrTdg7a+EHh4Z4bMvJES3Fjf//bW1jc2t7YLO8Xdvf2Dw9LRcdMkqWbYYIlIdDuiBgWX2LDcCmwrjTSOBLai8c2s3npCbXgiH+xEYRjToeQDzqh1VuvuMZM9Ne2VKn7Vn4usQpBDBXLVe6Wvbj9haYzSMkGN6QS+smFGteVM4LTYTQ0qysZ0iB2HksZowmy+7pScOadPBol2T1oyd39PZDQ2ZhJHrjOmdmSWazPzv1ontYPrMONSpRYlW3w0SAWxCZndTvpcI7Ni4oAyzd2uhI2opsy6hIouhGD55FVoXlQDx/eXlVo5j6MAp1CGcwjgCmpwC3VoAIMxPMMrvHnKe/HevY9F65qXz5zAH3mfP2gEj4A=</latexit><latexit sha1_base64="agBJSz6SSAGFj9Aq+7ejVa+bu5Y=">AAAB7nicbZBNSwMxEIZn/az1q+rRS2gRPJVdEfRY8OJFqGA/oF1LNp22odlsSLJCWfojvHhQxKu/x5v/xrTdg7a+EHh4Z4bMvJES3Fjf//bW1jc2t7YLO8Xdvf2Dw9LRcdMkqWbYYIlIdDuiBgWX2LDcCmwrjTSOBLai8c2s3npCbXgiH+xEYRjToeQDzqh1VuvuMZM9Ne2VKn7Vn4usQpBDBXLVe6Wvbj9haYzSMkGN6QS+smFGteVM4LTYTQ0qysZ0iB2HksZowmy+7pScOadPBol2T1oyd39PZDQ2ZhJHrjOmdmSWazPzv1ontYPrMONSpRYlW3w0SAWxCZndTvpcI7Ni4oAyzd2uhI2opsy6hIouhGD55FVoXlQDx/eXlVo5j6MAp1CGcwjgCmpwC3VoAIMxPMMrvHnKe/HevY9F65qXz5zAH3mfP2gEj4A=</latexit> Mnp

<latexit sha1_base64="agBJSz6SSAGFj9Aq+7ejVa+bu5Y=">AAAB7nicbZBNSwMxEIZn/az1q+rRS2gRPJVdEfRY8OJFqGA/oF1LNp22odlsSLJCWfojvHhQxKu/x5v/xrTdg7a+EHh4Z4bMvJES3Fjf//bW1jc2t7YLO8Xdvf2Dw9LRcdMkqWbYYIlIdDuiBgWX2LDcCmwrjTSOBLai8c2s3npCbXgiH+xEYRjToeQDzqh1VuvuMZM9Ne2VKn7Vn4usQpBDBXLVe6Wvbj9haYzSMkGN6QS+smFGteVM4LTYTQ0qysZ0iB2HksZowmy+7pScOadPBol2T1oyd39PZDQ2ZhJHrjOmdmSWazPzv1ontYPrMONSpRYlW3w0SAWxCZndTvpcI7Ni4oAyzd2uhI2opsy6hIouhGD55FVoXlQDx/eXlVo5j6MAp1CGcwjgCmpwC3VoAIMxPMMrvHnKe/HevY9F65qXz5zAH3mfP2gEj4A=</latexit><latexit sha1_base64="agBJSz6SSAGFj9Aq+7ejVa+bu5Y=">AAAB7nicbZBNSwMxEIZn/az1q+rRS2gRPJVdEfRY8OJFqGA/oF1LNp22odlsSLJCWfojvHhQxKu/x5v/xrTdg7a+EHh4Z4bMvJES3Fjf//bW1jc2t7YLO8Xdvf2Dw9LRcdMkqWbYYIlIdDuiBgWX2LDcCmwrjTSOBLai8c2s3npCbXgiH+xEYRjToeQDzqh1VuvuMZM9Ne2VKn7Vn4usQpBDBXLVe6Wvbj9haYzSMkGN6QS+smFGteVM4LTYTQ0qysZ0iB2HksZowmy+7pScOadPBol2T1oyd39PZDQ2ZhJHrjOmdmSWazPzv1ontYPrMONSpRYlW3w0SAWxCZndTvpcI7Ni4oAyzd2uhI2opsy6hIouhGD55FVoXlQDx/eXlVo5j6MAp1CGcwjgCmpwC3VoAIMxPMMrvHnKe/HevY9F65qXz5zAH3mfP2gEj4A=</latexit><latexit sha1_base64="agBJSz6SSAGFj9Aq+7ejVa+bu5Y=">AAAB7nicbZBNSwMxEIZn/az1q+rRS2gRPJVdEfRY8OJFqGA/oF1LNp22odlsSLJCWfojvHhQxKu/x5v/xrTdg7a+EHh4Z4bMvJES3Fjf//bW1jc2t7YLO8Xdvf2Dw9LRcdMkqWbYYIlIdDuiBgWX2LDcCmwrjTSOBLai8c2s3npCbXgiH+xEYRjToeQDzqh1VuvuMZM9Ne2VKn7Vn4usQpBDBXLVe6Wvbj9haYzSMkGN6QS+smFGteVM4LTYTQ0qysZ0iB2HksZowmy+7pScOadPBol2T1oyd39PZDQ2ZhJHrjOmdmSWazPzv1ontYPrMONSpRYlW3w0SAWxCZndTvpcI7Ni4oAyzd2uhI2opsy6hIouhGD55FVoXlQDx/eXlVo5j6MAp1CGcwjgCmpwC3VoAIMxPMMrvHnKe/HevY9F65qXz5zAH3mfP2gEj4A=</latexit><latexit sha1_base64="agBJSz6SSAGFj9Aq+7ejVa+bu5Y=">AAAB7nicbZBNSwMxEIZn/az1q+rRS2gRPJVdEfRY8OJFqGA/oF1LNp22odlsSLJCWfojvHhQxKu/x5v/xrTdg7a+EHh4Z4bMvJES3Fjf//bW1jc2t7YLO8Xdvf2Dw9LRcdMkqWbYYIlIdDuiBgWX2LDcCmwrjTSOBLai8c2s3npCbXgiH+xEYRjToeQDzqh1VuvuMZM9Ne2VKn7Vn4usQpBDBXLVe6Wvbj9haYzSMkGN6QS+smFGteVM4LTYTQ0qysZ0iB2HksZowmy+7pScOadPBol2T1oyd39PZDQ2ZhJHrjOmdmSWazPzv1ontYPrMONSpRYlW3w0SAWxCZndTvpcI7Ni4oAyzd2uhI2opsy6hIouhGD55FVoXlQDx/eXlVo5j6MAp1CGcwjgCmpwC3VoAIMxPMMrvHnKe/HevY9F65qXz5zAH3mfP2gEj4A=</latexit>

M̂np
<latexit sha1_base64="Ks3sQy0AqH4a6c1xM8kH780r9qA=">AAAB9HicbZBNS8NAEIYnftb6VfXoZWkRPJVEBD0WvHgRKtgPaGPZbDft0s0m7k4KJfR3ePGgiFd/jDf/jds2B219YeHhnRlm9g0SKQy67reztr6xubVd2Cnu7u0fHJaOjpsmTjXjDRbLWLcDargUijdQoOTtRHMaBZK3gtHNrN4ac21ErB5wknA/ogMlQsEoWsvvDilmd9PHTPWSaa9UcavuXGQVvBwqkKveK311+zFLI66QSWpMx3MT9DOqUTDJp8VuanhC2YgOeMeiohE3fjY/ekrOrNMnYaztU0jm7u+JjEbGTKLAdkYUh2a5NjP/q3VSDK/9TKgkRa7YYlGYSoIxmSVA+kJzhnJigTIt7K2EDammDG1ORRuCt/zlVWheVD3L95eVWjmPowCnUIZz8OAKanALdWgAgyd4hld4c8bOi/PufCxa15x85gT+yPn8AUGKkk0=</latexit><latexit sha1_base64="Ks3sQy0AqH4a6c1xM8kH780r9qA=">AAAB9HicbZBNS8NAEIYnftb6VfXoZWkRPJVEBD0WvHgRKtgPaGPZbDft0s0m7k4KJfR3ePGgiFd/jDf/jds2B219YeHhnRlm9g0SKQy67reztr6xubVd2Cnu7u0fHJaOjpsmTjXjDRbLWLcDargUijdQoOTtRHMaBZK3gtHNrN4ac21ErB5wknA/ogMlQsEoWsvvDilmd9PHTPWSaa9UcavuXGQVvBwqkKveK311+zFLI66QSWpMx3MT9DOqUTDJp8VuanhC2YgOeMeiohE3fjY/ekrOrNMnYaztU0jm7u+JjEbGTKLAdkYUh2a5NjP/q3VSDK/9TKgkRa7YYlGYSoIxmSVA+kJzhnJigTIt7K2EDammDG1ORRuCt/zlVWheVD3L95eVWjmPowCnUIZz8OAKanALdWgAgyd4hld4c8bOi/PufCxa15x85gT+yPn8AUGKkk0=</latexit><latexit sha1_base64="Ks3sQy0AqH4a6c1xM8kH780r9qA=">AAAB9HicbZBNS8NAEIYnftb6VfXoZWkRPJVEBD0WvHgRKtgPaGPZbDft0s0m7k4KJfR3ePGgiFd/jDf/jds2B219YeHhnRlm9g0SKQy67reztr6xubVd2Cnu7u0fHJaOjpsmTjXjDRbLWLcDargUijdQoOTtRHMaBZK3gtHNrN4ac21ErB5wknA/ogMlQsEoWsvvDilmd9PHTPWSaa9UcavuXGQVvBwqkKveK311+zFLI66QSWpMx3MT9DOqUTDJp8VuanhC2YgOeMeiohE3fjY/ekrOrNMnYaztU0jm7u+JjEbGTKLAdkYUh2a5NjP/q3VSDK/9TKgkRa7YYlGYSoIxmSVA+kJzhnJigTIt7K2EDammDG1ORRuCt/zlVWheVD3L95eVWjmPowCnUIZz8OAKanALdWgAgyd4hld4c8bOi/PufCxa15x85gT+yPn8AUGKkk0=</latexit><latexit sha1_base64="Ks3sQy0AqH4a6c1xM8kH780r9qA=">AAAB9HicbZBNS8NAEIYnftb6VfXoZWkRPJVEBD0WvHgRKtgPaGPZbDft0s0m7k4KJfR3ePGgiFd/jDf/jds2B219YeHhnRlm9g0SKQy67reztr6xubVd2Cnu7u0fHJaOjpsmTjXjDRbLWLcDargUijdQoOTtRHMaBZK3gtHNrN4ac21ErB5wknA/ogMlQsEoWsvvDilmd9PHTPWSaa9UcavuXGQVvBwqkKveK311+zFLI66QSWpMx3MT9DOqUTDJp8VuanhC2YgOeMeiohE3fjY/ekrOrNMnYaztU0jm7u+JjEbGTKLAdkYUh2a5NjP/q3VSDK/9TKgkRa7YYlGYSoIxmSVA+kJzhnJigTIt7K2EDammDG1ORRuCt/zlVWheVD3L95eVWjmPowCnUIZz8OAKanALdWgAgyd4hld4c8bOi/PufCxa15x85gT+yPn8AUGKkk0=</latexit>

• Based on Xn and Y n, Alice and Bob want to generate a secret key K

• Single forward transmission of helper data Mnp over the public channel
• Noisy Wp imposes a rate constraint Rp = C(Wp)
• Noiseless Wp results in no rate constraint

• Eve intercepts Mnp error-free (worst case from a security perspective)
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Forward SK Capacity

Theorem: [Csiszár/Narayan ’00], [Bassi et al. ’16]

The forward SK capacity CSK(Wp, PXY Z) for source PXY Z and noisy public
channel Wp is

CSK(Wp, PXY Z) = max
U,V

[
I(V ;Y |U)− I(V ;Z|U)

]
where U and V are auxiliary random variables that satisfy the Markov chain
relation U − V −X − (Y, Z) and further satisfy the rate constraint

I(V ;X|Y ) ≤ C(Wp).

Moreover, it may be assumed that V = (U, V ′) where the cardinalities of the
alphabets of both U and V ′ are at most |X |+ 1.

I. Csiszár and P. Narayan, “Common randomness and secret key generation with a helper,” IEEE Trans.
Inf. Theory, vol. 46, no. 2, pp. 344–366, Mar. 2000

G. Bassi, P. Piantanida, and S. Shamai (Shitz), “Secret key generation over noisy channels with common
randomness,” in Proc. IEEE Int. Symp. Inf. Theory, Barcelona, Spain, Jul. 2016, pp. 510–514
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Forward SK Capacity (2)

• Wp becomes noiseless for Rp = C(Wp)→∞ and Rp is inactive

Corollary: [Ahlswede/Csiszár ’93]

The forward SK capacity CSK(PXY Z) for source PXY Z is

CSK(PXY Z) = max
U,V

[
I(V ;Y |U)− I(V ;Z|U)

]
where U and V are auxiliary random variables that satisfy the Markov chain
relation U − V −X − (Y, Z). Moreover, it may be assumed that V = (U, V ′)
where the cardinalities of the alphabets of both U and V ′ are at most |X |+ 1.

R. Ahlswede and I. Csiszár, “Common Randomness in Information Theory and Cryptography-Part I:
Secret Sharing,” IEEE Trans. Inf. Theory, vol. 39, no. 4, pp. 1121–1132, Jul. 1993
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Fig. 1—Schematic diagram of a general communication system.

a decimal digit is about 3 13 bits. A digit wheel on a desk computing machine has ten stable positions and
therefore has a storage capacity of one decimal digit. In analytical work where integration and differentiation
are involved the base e is sometimes useful. The resulting units of information will be called natural units.
Change from the base a to base b merely requires multiplication by logb a.

By a communication system we will mean a system of the type indicated schematically in Fig. 1. It
consists of essentially five parts:

1. An information sourcewhich produces a message or sequence of messages to be communicated to the
receiving terminal. The message may be of various types: (a) A sequence of letters as in a telegraph
of teletype system; (b) A single function of time f t as in radio or telephony; (c) A function of
time and other variables as in black and white television — here the message may be thought of as a
function f x y t of two space coordinates and time, the light intensity at point x y and time t on a
pickup tube plate; (d) Two or more functions of time, say f t , g t , h t — this is the case in “three-
dimensional” sound transmission or if the system is intended to service several individual channels in
multiplex; (e) Several functions of several variables— in color television the message consists of three
functions f x y t , g x y t , h x y t defined in a three-dimensional continuum— we may also think
of these three functions as components of a vector field defined in the region — similarly, several
black and white television sources would produce “messages” consisting of a number of functions
of three variables; (f) Various combinations also occur, for example in television with an associated
audio channel.

2. A transmitter which operates on the message in some way to produce a signal suitable for trans-
mission over the channel. In telephony this operation consists merely of changing sound pressure
into a proportional electrical current. In telegraphy we have an encoding operation which produces
a sequence of dots, dashes and spaces on the channel corresponding to the message. In a multiplex
PCM system the different speech functions must be sampled, compressed, quantized and encoded,
and finally interleaved properly to construct the signal. Vocoder systems, television and frequency
modulation are other examples of complex operations applied to the message to obtain the signal.

3. The channel is merely the medium used to transmit the signal from transmitter to receiver. It may be
a pair of wires, a coaxial cable, a band of radio frequencies, a beam of light, etc.

4. The receiver ordinarily performs the inverse operation of that done by the transmitter, reconstructing
the message from the signal.

5. The destination is the person (or thing) for whom the message is intended.

We wish to consider certain general problems involving communication systems. To do this it is first
necessary to represent the various elements involved as mathematical entities, suitably idealized from their

2

The capacity C(W ) of a discrete memoryless channel (DMC) W is

C(W ) = max
X

I(X;Y ) = max
PX

I(PX ,W )

C. E. Shannon, “A mathematical theory of communication,” Bell Syst. Tech. J., vol. 27, no. 3, pp.
379–423, Jul. 1948
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Capacity of DMCs

The capacity C(W ) of a discrete memoryless channel (DMC) W is

C(W ) = max
X

I(X;Y ) = max
PX

I(PX ,W )

• Entropic quantities

• Single-letter

• Convex optimization problem

w Of particular relevance as it allows to compute the capacity C(W ) as a
function of the channel W given by a convex optimization problem

What do we actually mean with “compute”?
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Turing Machine

Program
<latexit sha1_base64="D1yZnKllsqC3Nhi+Y0jBdDV/G3o=">AAAB9XicbVDLSgNBEJyNrxhfUY9ehgTBU9iNgh4DXjxGMA9IYpidzCZD5rHM9KphyX948aCIV//Fm3/jJNmDJhY0FFXddHeFseAWfP/by62tb2xu5bcLO7t7+wfFw6Om1YmhrEG10KYdEssEV6wBHARrx4YRGQrWCsfXM7/1wIzlWt3BJGY9SYaKR5wScNJ9F9gTpHWjh4bIab9Y9iv+HHiVBBkpowz1fvGrO9A0kUwBFcTaTuDH0EuJAU4Fmxa6iWUxoWMyZB1HFZHM9tL51VN86pQBjrRxpQDP1d8TKZHWTmToOiWBkV32ZuJ/XieB6KqXchUnwBRdLIoSgUHjWQR4wA2jICaOEGq4uxXTETGEgguq4EIIll9eJc1qJTivVG8vyrVSFkcenaASOkMBukQ1dIPqqIEoMugZvaI379F78d69j0VrzstmjtEfeJ8/MFeS2w==</latexit>

Tape
<latexit sha1_base64="6XCegSWCaj/jICKHxjOOK2Ryc88=">AAACDXicbZC7TgJBFIZn8YZ4Qy1tJiCJFe6iiZYkNpRouCVAyOxwgAmzl8ycNZINL2Djq9hYaIytvZ1v4yxQKPgnk3z5z2VyfjeUQqNtf1uptfWNza30dmZnd2//IHt41NBBpDjUeSAD1XKZBil8qKNACa1QAfNcCU13fJPUm/egtAj8Gk5C6Hps6IuB4AyN1cueFjoIDxjfAeufN5VAoBWD08zcrrEQppleNm8X7ZnoKjgLyJOFqr3sV6cf8MgDH7lkWrcdO8RuzBQKLs3CTqQhZHzMhtA26DMPdDeeXTOlBeP06SBQ5vlIZ+7viZh5Wk8813R6DEd6uZaY/9XaEQ6uu7HwwwjB5/OPBpGkGNAkGtoXCjjKiQHGTRSCUz5iinE0ASYhOMsnr0KjVHQuiqXby3w5t4gjTU5IjpwRh1yRMqmQKqkTTh7JM3klb9aT9WK9Wx/z1pS1mDkmf2R9/gCsUZs0</latexit>

Read/Write Head
<latexit sha1_base64="adVWeXBSe7L4GyecVgrJN5egpRM=">AAACDXicbZC7TgJBFIZn8YZ4Qy1tJiCJFe6iiZYkNpRouCVAyOxwgAmzl8ycNZINL2Djq9hYaIytvZ1v4yxQKPgnk3z5z2VyfjeUQqNtf1uptfWNza30dmZnd2//IHt41NBBpDjUeSAD1XKZBil8qKNACa1QAfNcCU13fJPUm/egtAj8Gk5C6Hps6IuB4AyN1cuedhAeML4D1j9vKoFAKwanmcLcr7EQppleNm8X7ZnoKjgLyJOFqr3sV6cf8MgDH7lkWrcdO8RuzBQKLs3CTqQhZHzMhtA26DMPdDeeXTOlBeP06SBQ5vlIZ+7viZh5Wk8813R6DEd6uZaY/9XaEQ6uu7HwwwjB5/OPBpGkGNAkGtoXCjjKiQHGTRaCUz5iinE0ASYhOMsnr0KjVHQuiqXby3w5t4gjTU5IjpwRh1yRMqmQKqkTTh7JM3klb9aT9WK9Wx/z1pS1mDkmf2R9/gCxaZs0</latexit>

Mathematical model of an abstract machine that manipulates symbols on a
strip of tape according to certain given rules

A. M. Turing, “On computable numbers, with an application to the Entscheidungsproblem,” Proc.
London Math. Soc., vol. 2, no. 42, pp. 230–265, 1936

A. M. Turing, “On computable numbers, with an application to the Entscheidungsproblem. A correction,”
Proc. London Math. Soc., vol. 2, no. 43, pp. 544–546, 1937
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Turing Machine (2)

• Turing machines can simulate any given algorithm and therewith provide a
simple but very powerful model of computation

• No limitations on computational complexity, unlimited computing capacity
and storage, and execute programs completely error-free

• Extends to programming languages which are then called Turing-complete

w Fundamental performance limits for today’s digital computers

w Ideal concept to decide if the capacity can computed algorithmically
(without putting any constraints on the computational complexity)

A. M. Turing, “On computable numbers, with an application to the Entscheidungsproblem,” Proc.
London Math. Soc., vol. 2, no. 42, pp. 230–265, 1936

A. M. Turing, “On computable numbers, with an application to the Entscheidungsproblem. A correction,”
Proc. London Math. Soc., vol. 2, no. 43, pp. 544–546, 1937
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Computability

• Computable numbers are real numbers that are computable by Turing
machines

• A sequence {rn}n∈N is called a computable sequence if there exist
recursive functions a, b, s : N→ N with b(n) 6= 0 for all n ∈ N and

rn = (−1)s(n) a(n)
b(n)

• Then a real number x is said to be computable if there exists a computable
sequence of rational numbers {rn}n∈N such that

|x− rn| < 2−n

w Rc is the set of computable real numbers

R. I. Soare, Recursively Enumerable Sets and Degrees. Berlin, Heidelberg: Springer-Verlag Berlin
Heidelberg, 1987
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Computability (2)

w Based on this, we can define computable probability distributions and
computable channels

• We define the set of computable probability distributions Pc(X ) as the set
of all probability distributions

P ∈ P(X ) such that P (x) ∈ Rc, x ∈ X

• Let CHc be the set of all computable channels, i.e., for a channel

W : X → P(Y) we have W (·|x) ∈ Pc(Y) for every x ∈ X

10



Computability (3)

Definition: Borel Computability

A function f : Rc → Rc is called Borel computable if there is an algorithm that
transforms each given computable sequence of a computable real x into a
corresponding representation for f(x).

• Turing’s notion of computability conforms to Borel computability

Capacity C(W ) = maxX I(X;Y ) is Borel computable

Proof outline:

1 x log2 x, x ∈ [0, 1], is a Borel computable function

2 function
∑

x log2 x is computable

3 function I(X;Y ) is computable

4 C(W ) = maxX I(X;Y ) is a computable function since it is the maximum
of computable functions X
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Computability (4)

• There are weaker forms of computability including Markov computability
and Banach-Mazur computability

Definition: Markov Computability

A function f : Rc → Rc is called Markov computable if there is an algorithm
that converts an algorithm for a computable real x into an algorithm for f(x).

Definition: Banach-Mazur Computability

A function f : Rc → Rc is called Banach-Mazur computable if f maps any
given computable sequence {xn}∞n=1 of real numbers into a computable
sequence {f(xn)}∞n=1 of real numbers.

J. Avigad and V. Brattka, “Computability and analysis: The legacy of Alan Turing,” in Turing’s Legacy:
Developments from Turing’s Ideas in Logic, R. Downey, Ed. Cambridge, UK: Cambridge University
Press, 2014
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Computability (4)

Figure 5 from

J. Avigad and V. Brattka, “Computability and analysis: The legacy of Alan Turing,” in Turing’s Legacy:
Developments from Turing’s Ideas in Logic, R. Downey, Ed. Cambridge, UK: Cambridge University
Press, 2014
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Back to the Forward SK Capacity

The forward SK capacity CSK(Wp, PXY Z) for source PXY Z and noisy public
channel Wp is

CSK(Wp, PXY Z) = max
U,V

[
I(V ;Y |U)− I(V ;Z|U)

]
with U − V −X − (Y,Z) forming a Markov chain and further

I(V ;X|Y ) ≤ C(Wp).

The forward SK capacity CSK(PXY Z) for source PXY Z is

CSK(PXY Z) = max
U,V

[
I(V ;Y |U)− I(V ;Z|U)

]
with U − V −X − (Y,Z) forming a Markov chain.

QUESTION: Can we compute these capacity expressions?
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Without Rate Constraint

Theorem:

For all |X | ≥ 2, |Y| ≥ 2, and |Z| ≥ 2, the forward SK capacity

CSK(PXY Z) = max
U,V

[
I(V ;Y |U)− I(V ;Z|U)

]
without public rate constraint for source PXY Z is Borel computable.

Proof outline:

1 x log2 x, x ∈ [0, 1], is a Borel computable function
2 function

∑
x log2 x is computable

3 functions I(V ;Y |U) and I(V ;Z|U) are computable
4 CSK(PXY Z) = maxU,V [I(V ;Y |U)− I(V ;Z|U)] is a computable function

since it is the maximum of computable functions X

• This can even be strengthened: Forward SK capacity CSK(PXY Z) is a
computable continuous function!

H. Boche, R. F. Schaefer, S. Baur, and H. V. Poor, “On the algorithmic computability of the
secret key and authentication capacity under channel, storage, and privacy leakage constraints,”
2018, submitted
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With Rate Constraint

Theorem:

For all |X | ≥ 2, |Y| ≥ 2, and |Z| ≥ 2, the forward SK capacity CSK(Wp, PXY Z)
for the source PXY Z and the noisy public channel Wp is not Banach-Mazur
computable.

Key ingredient:

• Proof by contradiction

• If CSK(Wp, PXY Z) would be Banach-Mazur computable, then the halting
problem would be solvable!

w The forward SK capacity with rate-limited public public communication is
not Banach-Mazur and therewith also not Turing computable!

ANSWER: The forward SK capacity is

• computable without public rate constraints and

• non-computable with public rate constraints!
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Conclusions

• Computability of the forward SK capacity has been studied

• Sharp phase transition between being computable and non-computable
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Bob
<latexit sha1_base64="iifYz7JA7aKFwvds7XBnGS/aw+o=">AAAB8XicbZBNS8NAEIYn9avWr6pHL6FF8FQSEfRY9OKxgv3ANpTNdtMu3eyG3YlYQv+FFw+KePXfePPfuG1z0NYXFh7emWFn3jAR3KDnfTuFtfWNza3idmlnd2//oHx41DIq1ZQ1qRJKd0JimOCSNZGjYJ1EMxKHgrXD8c2s3n5k2nAl73GSsCAmQ8kjTgla66GH7AmzaxVO++WqV/PmclfBz6EKuRr98ldvoGgaM4lUEGO6vpdgkBGNnAo2LfVSwxJCx2TIuhYliZkJsvnGU/fUOgM3Uto+ie7c/T2RkdiYSRzazpjgyCzXZuZ/tW6K0VWQcZmkyCRdfBSlwkXlzs53B1wzimJigVDN7a4uHRFNKNqQSjYEf/nkVWid13zLdxfVeiWPowgnUIEz8OES6nALDWgCBQnP8ApvjnFenHfnY9FacPKZY/gj5/MH2MWQ6g==</latexit><latexit sha1_base64="iifYz7JA7aKFwvds7XBnGS/aw+o=">AAAB8XicbZBNS8NAEIYn9avWr6pHL6FF8FQSEfRY9OKxgv3ANpTNdtMu3eyG3YlYQv+FFw+KePXfePPfuG1z0NYXFh7emWFn3jAR3KDnfTuFtfWNza3idmlnd2//oHx41DIq1ZQ1qRJKd0JimOCSNZGjYJ1EMxKHgrXD8c2s3n5k2nAl73GSsCAmQ8kjTgla66GH7AmzaxVO++WqV/PmclfBz6EKuRr98ldvoGgaM4lUEGO6vpdgkBGNnAo2LfVSwxJCx2TIuhYliZkJsvnGU/fUOgM3Uto+ie7c/T2RkdiYSRzazpjgyCzXZuZ/tW6K0VWQcZmkyCRdfBSlwkXlzs53B1wzimJigVDN7a4uHRFNKNqQSjYEf/nkVWid13zLdxfVeiWPowgnUIEz8OES6nALDWgCBQnP8ApvjnFenHfnY9FacPKZY/gj5/MH2MWQ6g==</latexit><latexit sha1_base64="iifYz7JA7aKFwvds7XBnGS/aw+o=">AAAB8XicbZBNS8NAEIYn9avWr6pHL6FF8FQSEfRY9OKxgv3ANpTNdtMu3eyG3YlYQv+FFw+KePXfePPfuG1z0NYXFh7emWFn3jAR3KDnfTuFtfWNza3idmlnd2//oHx41DIq1ZQ1qRJKd0JimOCSNZGjYJ1EMxKHgrXD8c2s3n5k2nAl73GSsCAmQ8kjTgla66GH7AmzaxVO++WqV/PmclfBz6EKuRr98ldvoGgaM4lUEGO6vpdgkBGNnAo2LfVSwxJCx2TIuhYliZkJsvnGU/fUOgM3Uto+ie7c/T2RkdiYSRzazpjgyCzXZuZ/tW6K0VWQcZmkyCRdfBSlwkXlzs53B1wzimJigVDN7a4uHRFNKNqQSjYEf/nkVWid13zLdxfVeiWPowgnUIEz8OES6nALDWgCBQnP8ApvjnFenHfnY9FacPKZY/gj5/MH2MWQ6g==</latexit><latexit sha1_base64="iifYz7JA7aKFwvds7XBnGS/aw+o=">AAAB8XicbZBNS8NAEIYn9avWr6pHL6FF8FQSEfRY9OKxgv3ANpTNdtMu3eyG3YlYQv+FFw+KePXfePPfuG1z0NYXFh7emWFn3jAR3KDnfTuFtfWNza3idmlnd2//oHx41DIq1ZQ1qRJKd0JimOCSNZGjYJ1EMxKHgrXD8c2s3n5k2nAl73GSsCAmQ8kjTgla66GH7AmzaxVO++WqV/PmclfBz6EKuRr98ldvoGgaM4lUEGO6vpdgkBGNnAo2LfVSwxJCx2TIuhYliZkJsvnGU/fUOgM3Uto+ie7c/T2RkdiYSRzazpjgyCzXZuZ/tW6K0VWQcZmkyCRdfBSlwkXlzs53B1wzimJigVDN7a4uHRFNKNqQSjYEf/nkVWid13zLdxfVeiWPowgnUIEz8OES6nALDWgCBQnP8ApvjnFenHfnY9FacPKZY/gj5/MH2MWQ6g==</latexit>

Public Channel
<latexit sha1_base64="vGtq/B5MrpNLHjON9Rsv7RtYdtM=">AAAB/nicbZBNS8NAEIY3ftb6FRVPXpYWwVNJRNBjoRePFewHtKFsttN26WYTdidiCQX/ihcPinj1d3jz37htc9DWFxYe3plhZt8wkcKg5307a+sbm1vbhZ3i7t7+waF7dNw0cao5NHgsY90OmQEpFDRQoIR2ooFFoYRWOK7N6q0H0EbE6h4nCQQRGyoxEJyhtXruaRfhEbN6GkrBaW3ElAI57bllr+LNRVfBz6FMctV77le3H/M0AoVcMmM6vpdgkDGNgkuYFrupgYTxMRtCx6JiEZggm58/pefW6dNBrO1TSOfu74mMRcZMotB2RgxHZrk2M/+rdVIc3ASZUEmKoPhi0SCVFGM6y4L2hQaOcmKBcS3srZSPmGYcbWJFG4K//OVVaF5WfMt3V+VqKY+jQM5IiVwQn1yTKrklddIgnGTkmbySN+fJeXHenY9F65qTz5yQP3I+fwByAZWu</latexit><latexit sha1_base64="vGtq/B5MrpNLHjON9Rsv7RtYdtM=">AAAB/nicbZBNS8NAEIY3ftb6FRVPXpYWwVNJRNBjoRePFewHtKFsttN26WYTdidiCQX/ihcPinj1d3jz37htc9DWFxYe3plhZt8wkcKg5307a+sbm1vbhZ3i7t7+waF7dNw0cao5NHgsY90OmQEpFDRQoIR2ooFFoYRWOK7N6q0H0EbE6h4nCQQRGyoxEJyhtXruaRfhEbN6GkrBaW3ElAI57bllr+LNRVfBz6FMctV77le3H/M0AoVcMmM6vpdgkDGNgkuYFrupgYTxMRtCx6JiEZggm58/pefW6dNBrO1TSOfu74mMRcZMotB2RgxHZrk2M/+rdVIc3ASZUEmKoPhi0SCVFGM6y4L2hQaOcmKBcS3srZSPmGYcbWJFG4K//OVVaF5WfMt3V+VqKY+jQM5IiVwQn1yTKrklddIgnGTkmbySN+fJeXHenY9F65qTz5yQP3I+fwByAZWu</latexit><latexit sha1_base64="vGtq/B5MrpNLHjON9Rsv7RtYdtM=">AAAB/nicbZBNS8NAEIY3ftb6FRVPXpYWwVNJRNBjoRePFewHtKFsttN26WYTdidiCQX/ihcPinj1d3jz37htc9DWFxYe3plhZt8wkcKg5307a+sbm1vbhZ3i7t7+waF7dNw0cao5NHgsY90OmQEpFDRQoIR2ooFFoYRWOK7N6q0H0EbE6h4nCQQRGyoxEJyhtXruaRfhEbN6GkrBaW3ElAI57bllr+LNRVfBz6FMctV77le3H/M0AoVcMmM6vpdgkDGNgkuYFrupgYTxMRtCx6JiEZggm58/pefW6dNBrO1TSOfu74mMRcZMotB2RgxHZrk2M/+rdVIc3ASZUEmKoPhi0SCVFGM6y4L2hQaOcmKBcS3srZSPmGYcbWJFG4K//OVVaF5WfMt3V+VqKY+jQM5IiVwQn1yTKrklddIgnGTkmbySN+fJeXHenY9F65qTz5yQP3I+fwByAZWu</latexit><latexit sha1_base64="vGtq/B5MrpNLHjON9Rsv7RtYdtM=">AAAB/nicbZBNS8NAEIY3ftb6FRVPXpYWwVNJRNBjoRePFewHtKFsttN26WYTdidiCQX/ihcPinj1d3jz37htc9DWFxYe3plhZt8wkcKg5307a+sbm1vbhZ3i7t7+waF7dNw0cao5NHgsY90OmQEpFDRQoIR2ooFFoYRWOK7N6q0H0EbE6h4nCQQRGyoxEJyhtXruaRfhEbN6GkrBaW3ElAI57bllr+LNRVfBz6FMctV77le3H/M0AoVcMmM6vpdgkDGNgkuYFrupgYTxMRtCx6JiEZggm58/pefW6dNBrO1TSOfu74mMRcZMotB2RgxHZrk2M/+rdVIc3ASZUEmKoPhi0SCVFGM6y4L2hQaOcmKBcS3srZSPmGYcbWJFG4K//OVVaF5WfMt3V+VqKY+jQM5IiVwQn1yTKrklddIgnGTkmbySN+fJeXHenY9F65qTz5yQP3I+fwByAZWu</latexit>

�(Xn)
<latexit sha1_base64="XDyvdHorDoG9doaPxUAqY2WoZ2w=">AAAB8HicbZDLSgMxFIbPeK31VnXpJrQIdVNmRNBlwY3LCvYi7VgyaaYNTTIhyQhl6FO4caGIWx/HnW9j2s5CW38IfPznHHLOHynOjPX9b29tfWNza7uwU9zd2z84LB0dt0ySakKbJOGJ7kTYUM4kbVpmOe0oTbGIOG1H45tZvf1EtWGJvLcTRUOBh5LFjGDrrIeeGrFq51Ge90sVv+bPhVYhyKECuRr90ldvkJBUUGkJx8Z0A1/ZMMPaMsLptNhLDVWYjPGQdh1KLKgJs/nCU3TmnAGKE+2etGju/p7IsDBmIiLXKbAdmeXazPyv1k1tfB1mTKrUUkkWH8UpRzZBs+vRgGlKLJ84wEQztysiI6wxsS6jogshWD55FVoXtcDx3WWlXs7jKMAplKEKAVxBHW6hAU0gIOAZXuHN096L9+59LFrXvHzmBP7I+/wBAvSPxg==</latexit><latexit sha1_base64="XDyvdHorDoG9doaPxUAqY2WoZ2w=">AAAB8HicbZDLSgMxFIbPeK31VnXpJrQIdVNmRNBlwY3LCvYi7VgyaaYNTTIhyQhl6FO4caGIWx/HnW9j2s5CW38IfPznHHLOHynOjPX9b29tfWNza7uwU9zd2z84LB0dt0ySakKbJOGJ7kTYUM4kbVpmOe0oTbGIOG1H45tZvf1EtWGJvLcTRUOBh5LFjGDrrIeeGrFq51Ge90sVv+bPhVYhyKECuRr90ldvkJBUUGkJx8Z0A1/ZMMPaMsLptNhLDVWYjPGQdh1KLKgJs/nCU3TmnAGKE+2etGju/p7IsDBmIiLXKbAdmeXazPyv1k1tfB1mTKrUUkkWH8UpRzZBs+vRgGlKLJ84wEQztysiI6wxsS6jogshWD55FVoXtcDx3WWlXs7jKMAplKEKAVxBHW6hAU0gIOAZXuHN096L9+59LFrXvHzmBP7I+/wBAvSPxg==</latexit><latexit sha1_base64="XDyvdHorDoG9doaPxUAqY2WoZ2w=">AAAB8HicbZDLSgMxFIbPeK31VnXpJrQIdVNmRNBlwY3LCvYi7VgyaaYNTTIhyQhl6FO4caGIWx/HnW9j2s5CW38IfPznHHLOHynOjPX9b29tfWNza7uwU9zd2z84LB0dt0ySakKbJOGJ7kTYUM4kbVpmOe0oTbGIOG1H45tZvf1EtWGJvLcTRUOBh5LFjGDrrIeeGrFq51Ge90sVv+bPhVYhyKECuRr90ldvkJBUUGkJx8Z0A1/ZMMPaMsLptNhLDVWYjPGQdh1KLKgJs/nCU3TmnAGKE+2etGju/p7IsDBmIiLXKbAdmeXazPyv1k1tfB1mTKrUUkkWH8UpRzZBs+vRgGlKLJ84wEQztysiI6wxsS6jogshWD55FVoXtcDx3WWlXs7jKMAplKEKAVxBHW6hAU0gIOAZXuHN096L9+59LFrXvHzmBP7I+/wBAvSPxg==</latexit><latexit sha1_base64="XDyvdHorDoG9doaPxUAqY2WoZ2w=">AAAB8HicbZDLSgMxFIbPeK31VnXpJrQIdVNmRNBlwY3LCvYi7VgyaaYNTTIhyQhl6FO4caGIWx/HnW9j2s5CW38IfPznHHLOHynOjPX9b29tfWNza7uwU9zd2z84LB0dt0ySakKbJOGJ7kTYUM4kbVpmOe0oTbGIOG1H45tZvf1EtWGJvLcTRUOBh5LFjGDrrIeeGrFq51Ge90sVv+bPhVYhyKECuRr90ldvkJBUUGkJx8Z0A1/ZMMPaMsLptNhLDVWYjPGQdh1KLKgJs/nCU3TmnAGKE+2etGju/p7IsDBmIiLXKbAdmeXazPyv1k1tfB1mTKrUUkkWH8UpRzZBs+vRgGlKLJ84wEQztysiI6wxsS6jogshWD55FVoXtcDx3WWlXs7jKMAplKEKAVxBHW6hAU0gIOAZXuHN096L9+59LFrXvHzmBP7I+/wBAvSPxg==</latexit>

�(Xn)
<latexit sha1_base64="XDyvdHorDoG9doaPxUAqY2WoZ2w=">AAAB8HicbZDLSgMxFIbPeK31VnXpJrQIdVNmRNBlwY3LCvYi7VgyaaYNTTIhyQhl6FO4caGIWx/HnW9j2s5CW38IfPznHHLOHynOjPX9b29tfWNza7uwU9zd2z84LB0dt0ySakKbJOGJ7kTYUM4kbVpmOe0oTbGIOG1H45tZvf1EtWGJvLcTRUOBh5LFjGDrrIeeGrFq51Ge90sVv+bPhVYhyKECuRr90ldvkJBUUGkJx8Z0A1/ZMMPaMsLptNhLDVWYjPGQdh1KLKgJs/nCU3TmnAGKE+2etGju/p7IsDBmIiLXKbAdmeXazPyv1k1tfB1mTKrUUkkWH8UpRzZBs+vRgGlKLJ84wEQztysiI6wxsS6jogshWD55FVoXtcDx3WWlXs7jKMAplKEKAVxBHW6hAU0gIOAZXuHN096L9+59LFrXvHzmBP7I+/wBAvSPxg==</latexit><latexit sha1_base64="XDyvdHorDoG9doaPxUAqY2WoZ2w=">AAAB8HicbZDLSgMxFIbPeK31VnXpJrQIdVNmRNBlwY3LCvYi7VgyaaYNTTIhyQhl6FO4caGIWx/HnW9j2s5CW38IfPznHHLOHynOjPX9b29tfWNza7uwU9zd2z84LB0dt0ySakKbJOGJ7kTYUM4kbVpmOe0oTbGIOG1H45tZvf1EtWGJvLcTRUOBh5LFjGDrrIeeGrFq51Ge90sVv+bPhVYhyKECuRr90ldvkJBUUGkJx8Z0A1/ZMMPaMsLptNhLDVWYjPGQdh1KLKgJs/nCU3TmnAGKE+2etGju/p7IsDBmIiLXKbAdmeXazPyv1k1tfB1mTKrUUkkWH8UpRzZBs+vRgGlKLJ84wEQztysiI6wxsS6jogshWD55FVoXtcDx3WWlXs7jKMAplKEKAVxBHW6hAU0gIOAZXuHN096L9+59LFrXvHzmBP7I+/wBAvSPxg==</latexit><latexit sha1_base64="XDyvdHorDoG9doaPxUAqY2WoZ2w=">AAAB8HicbZDLSgMxFIbPeK31VnXpJrQIdVNmRNBlwY3LCvYi7VgyaaYNTTIhyQhl6FO4caGIWx/HnW9j2s5CW38IfPznHHLOHynOjPX9b29tfWNza7uwU9zd2z84LB0dt0ySakKbJOGJ7kTYUM4kbVpmOe0oTbGIOG1H45tZvf1EtWGJvLcTRUOBh5LFjGDrrIeeGrFq51Ge90sVv+bPhVYhyKECuRr90ldvkJBUUGkJx8Z0A1/ZMMPaMsLptNhLDVWYjPGQdh1KLKgJs/nCU3TmnAGKE+2etGju/p7IsDBmIiLXKbAdmeXazPyv1k1tfB1mTKrUUkkWH8UpRzZBs+vRgGlKLJ84wEQztysiI6wxsS6jogshWD55FVoXtcDx3WWlXs7jKMAplKEKAVxBHW6hAU0gIOAZXuHN096L9+59LFrXvHzmBP7I+/wBAvSPxg==</latexit><latexit sha1_base64="XDyvdHorDoG9doaPxUAqY2WoZ2w=">AAAB8HicbZDLSgMxFIbPeK31VnXpJrQIdVNmRNBlwY3LCvYi7VgyaaYNTTIhyQhl6FO4caGIWx/HnW9j2s5CW38IfPznHHLOHynOjPX9b29tfWNza7uwU9zd2z84LB0dt0ySakKbJOGJ7kTYUM4kbVpmOe0oTbGIOG1H45tZvf1EtWGJvLcTRUOBh5LFjGDrrIeeGrFq51Ge90sVv+bPhVYhyKECuRr90ldvkJBUUGkJx8Z0A1/ZMMPaMsLptNhLDVWYjPGQdh1KLKgJs/nCU3TmnAGKE+2etGju/p7IsDBmIiLXKbAdmeXazPyv1k1tfB1mTKrUUkkWH8UpRzZBs+vRgGlKLJ84wEQztysiI6wxsS6jogshWD55FVoXtcDx3WWlXs7jKMAplKEKAVxBHW6hAU0gIOAZXuHN096L9+59LFrXvHzmBP7I+/wBAvSPxg==</latexit>

�(Xn)
<latexit sha1_base64="XDyvdHorDoG9doaPxUAqY2WoZ2w=">AAAB8HicbZDLSgMxFIbPeK31VnXpJrQIdVNmRNBlwY3LCvYi7VgyaaYNTTIhyQhl6FO4caGIWx/HnW9j2s5CW38IfPznHHLOHynOjPX9b29tfWNza7uwU9zd2z84LB0dt0ySakKbJOGJ7kTYUM4kbVpmOe0oTbGIOG1H45tZvf1EtWGJvLcTRUOBh5LFjGDrrIeeGrFq51Ge90sVv+bPhVYhyKECuRr90ldvkJBUUGkJx8Z0A1/ZMMPaMsLptNhLDVWYjPGQdh1KLKgJs/nCU3TmnAGKE+2etGju/p7IsDBmIiLXKbAdmeXazPyv1k1tfB1mTKrUUkkWH8UpRzZBs+vRgGlKLJ84wEQztysiI6wxsS6jogshWD55FVoXtcDx3WWlXs7jKMAplKEKAVxBHW6hAU0gIOAZXuHN096L9+59LFrXvHzmBP7I+/wBAvSPxg==</latexit><latexit sha1_base64="XDyvdHorDoG9doaPxUAqY2WoZ2w=">AAAB8HicbZDLSgMxFIbPeK31VnXpJrQIdVNmRNBlwY3LCvYi7VgyaaYNTTIhyQhl6FO4caGIWx/HnW9j2s5CW38IfPznHHLOHynOjPX9b29tfWNza7uwU9zd2z84LB0dt0ySakKbJOGJ7kTYUM4kbVpmOe0oTbGIOG1H45tZvf1EtWGJvLcTRUOBh5LFjGDrrIeeGrFq51Ge90sVv+bPhVYhyKECuRr90ldvkJBUUGkJx8Z0A1/ZMMPaMsLptNhLDVWYjPGQdh1KLKgJs/nCU3TmnAGKE+2etGju/p7IsDBmIiLXKbAdmeXazPyv1k1tfB1mTKrUUkkWH8UpRzZBs+vRgGlKLJ84wEQztysiI6wxsS6jogshWD55FVoXtcDx3WWlXs7jKMAplKEKAVxBHW6hAU0gIOAZXuHN096L9+59LFrXvHzmBP7I+/wBAvSPxg==</latexit><latexit sha1_base64="XDyvdHorDoG9doaPxUAqY2WoZ2w=">AAAB8HicbZDLSgMxFIbPeK31VnXpJrQIdVNmRNBlwY3LCvYi7VgyaaYNTTIhyQhl6FO4caGIWx/HnW9j2s5CW38IfPznHHLOHynOjPX9b29tfWNza7uwU9zd2z84LB0dt0ySakKbJOGJ7kTYUM4kbVpmOe0oTbGIOG1H45tZvf1EtWGJvLcTRUOBh5LFjGDrrIeeGrFq51Ge90sVv+bPhVYhyKECuRr90ldvkJBUUGkJx8Z0A1/ZMMPaMsLptNhLDVWYjPGQdh1KLKgJs/nCU3TmnAGKE+2etGju/p7IsDBmIiLXKbAdmeXazPyv1k1tfB1mTKrUUkkWH8UpRzZBs+vRgGlKLJ84wEQztysiI6wxsS6jogshWD55FVoXtcDx3WWlXs7jKMAplKEKAVxBHW6hAU0gIOAZXuHN096L9+59LFrXvHzmBP7I+/wBAvSPxg==</latexit><latexit sha1_base64="XDyvdHorDoG9doaPxUAqY2WoZ2w=">AAAB8HicbZDLSgMxFIbPeK31VnXpJrQIdVNmRNBlwY3LCvYi7VgyaaYNTTIhyQhl6FO4caGIWx/HnW9j2s5CW38IfPznHHLOHynOjPX9b29tfWNza7uwU9zd2z84LB0dt0ySakKbJOGJ7kTYUM4kbVpmOe0oTbGIOG1H45tZvf1EtWGJvLcTRUOBh5LFjGDrrIeeGrFq51Ge90sVv+bPhVYhyKECuRr90ldvkJBUUGkJx8Z0A1/ZMMPaMsLptNhLDVWYjPGQdh1KLKgJs/nCU3TmnAGKE+2etGju/p7IsDBmIiLXKbAdmeXazPyv1k1tfB1mTKrUUkkWH8UpRzZBs+vRgGlKLJ84wEQztysiI6wxsS6jogshWD55FVoXtcDx3WWlXs7jKMAplKEKAVxBHW6hAU0gIOAZXuHN096L9+59LFrXvHzmBP7I+/wBAvSPxg==</latexit>

Rp
<latexit sha1_base64="9Y0PjqXeA7riXASjoZukCTgiwrw=">AAAB8XicdVBNS0JBFJ1XVmZfVss2gxK0erynmboIhDYtLfKDVGTeOOrgvHmPmfsiefgv2rQoolXQv2nnD2nfqAUVdeDC4Zx7ufceLxRcg+NMraXlxMrqWnI9tbG5tb2T3t2r6yBSlNVoIALV9IhmgktWAw6CNUPFiO8J1vBGZzO/ccOU5oG8gnHIOj4ZSN7nlICRri+7bWC3EIeTbjrr2E6+UHBL2LHzTrFQPjbkpFQol13s2s4c2Uri/aU5Pp1Wu+m3di+gkc8kUEG0brlOCJ2YKOBUsEmqHWkWEjoiA9YyVBKf6U48v3iCD43Sw/1AmZKA5+r3iZj4Wo99z3T6BIb6tzcT//JaEfRLnZjLMAIm6WJRPxIYAjx7H/e4YhTE2BBCFTe3YjokilAwIaVMCF+f4v9JPWe7eTt3YdLIoAWS6ABl0BFyURFV0DmqohqiSKI79IAeLW3dW0/W86J1yfqc2Uc/YL1+AIEElRg=</latexit>

• Rate constraint Rp inactive

• CSK(PXY Z) computable (even
computable continuous function)

Alice
<latexit sha1_base64="PWf99zPbVwzSEIaSIeSeQfeFkLM=">AAAB83icbZBNS8NAEIY3ftb6VfXoZWkRPJVEBD1WvHisYD+gCWWznbRLN5uwOxFL6N/w4kERr/4Zb/4bt20O2vrCwsM7M8zsG6ZSGHTdb2dtfWNza7u0U97d2z84rBwdt02SaQ4tnshEd0NmQAoFLRQooZtqYHEooROOb2f1ziNoIxL1gJMUgpgNlYgEZ2gt30d4wvxGCg7TfqXm1t256Cp4BdRIoWa/8uUPEp7FoJBLZkzPc1MMcqZRcAnTsp8ZSBkfsyH0LCoWgwny+c1TemadAY0SbZ9COnd/T+QsNmYSh7YzZjgyy7WZ+V+tl2F0HeRCpRmC4otFUSYpJnQWAB0IDRzlxALjWthbKR8xzTjamMo2BG/5y6vQvqh7lu8va41qEUeJnJIqOSceuSINckeapEU4SckzeSVvTua8OO/Ox6J1zSlmTsgfOZ8/XwqRyQ==</latexit><latexit sha1_base64="PWf99zPbVwzSEIaSIeSeQfeFkLM=">AAAB83icbZBNS8NAEIY3ftb6VfXoZWkRPJVEBD1WvHisYD+gCWWznbRLN5uwOxFL6N/w4kERr/4Zb/4bt20O2vrCwsM7M8zsG6ZSGHTdb2dtfWNza7u0U97d2z84rBwdt02SaQ4tnshEd0NmQAoFLRQooZtqYHEooROOb2f1ziNoIxL1gJMUgpgNlYgEZ2gt30d4wvxGCg7TfqXm1t256Cp4BdRIoWa/8uUPEp7FoJBLZkzPc1MMcqZRcAnTsp8ZSBkfsyH0LCoWgwny+c1TemadAY0SbZ9COnd/T+QsNmYSh7YzZjgyy7WZ+V+tl2F0HeRCpRmC4otFUSYpJnQWAB0IDRzlxALjWthbKR8xzTjamMo2BG/5y6vQvqh7lu8va41qEUeJnJIqOSceuSINckeapEU4SckzeSVvTua8OO/Ox6J1zSlmTsgfOZ8/XwqRyQ==</latexit><latexit sha1_base64="PWf99zPbVwzSEIaSIeSeQfeFkLM=">AAAB83icbZBNS8NAEIY3ftb6VfXoZWkRPJVEBD1WvHisYD+gCWWznbRLN5uwOxFL6N/w4kERr/4Zb/4bt20O2vrCwsM7M8zsG6ZSGHTdb2dtfWNza7u0U97d2z84rBwdt02SaQ4tnshEd0NmQAoFLRQooZtqYHEooROOb2f1ziNoIxL1gJMUgpgNlYgEZ2gt30d4wvxGCg7TfqXm1t256Cp4BdRIoWa/8uUPEp7FoJBLZkzPc1MMcqZRcAnTsp8ZSBkfsyH0LCoWgwny+c1TemadAY0SbZ9COnd/T+QsNmYSh7YzZjgyy7WZ+V+tl2F0HeRCpRmC4otFUSYpJnQWAB0IDRzlxALjWthbKR8xzTjamMo2BG/5y6vQvqh7lu8va41qEUeJnJIqOSceuSINckeapEU4SckzeSVvTua8OO/Ox6J1zSlmTsgfOZ8/XwqRyQ==</latexit><latexit sha1_base64="ck8pdC+ekZH4nUmSP+ZG7r8lEyk=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odOn4MoA7ncAFXEMIN3MEDdKALAhJ4hXdv4r15H6uuat66tDP4I+/zBzjGijg=</latexit><latexit sha1_base64="BaGjLTU5ryNiUbIEeWtinIK1H9A=">AAAB6HicbZDNSgMxFIXv1L9aq1a3boJFcFVm3OhSceOygm2FdiiZ9E4bmskMyR2xDH0NNy4U8Ync+TamPwttPRD4OCfh3pwoU9KS7397pY3Nre2d8m5lr7p/cFg7qrZtmhuBLZGq1DxG3KKSGlskSeFjZpAnkcJONL6d5Z0nNFam+oEmGYYJH2oZS8HJWb0e4TMVN0oKnPZrdb/hz8XWIVhCHZZq9mtfvUEq8gQ1CcWt7QZ+RmHBDUmhcFrp5RYzLsZ8iF2Hmidow2K+85SdOWfA4tS4o4nN3d8vCp5YO0kidzPhNLKr2cz8L+vmFF+FhdRZTqjFYlCcK0YpmxXABtKgIDVxwIWRblcmRtxwQa6miishWP3yOrQvGoHjex/KcAKncA4BXMI13EETWiAggxd4g3cv9169j0VdJW/Z2zH8kff5Ax/PkIs=</latexit><latexit sha1_base64="BaGjLTU5ryNiUbIEeWtinIK1H9A=">AAAB6HicbZDNSgMxFIXv1L9aq1a3boJFcFVm3OhSceOygm2FdiiZ9E4bmskMyR2xDH0NNy4U8Ync+TamPwttPRD4OCfh3pwoU9KS7397pY3Nre2d8m5lr7p/cFg7qrZtmhuBLZGq1DxG3KKSGlskSeFjZpAnkcJONL6d5Z0nNFam+oEmGYYJH2oZS8HJWb0e4TMVN0oKnPZrdb/hz8XWIVhCHZZq9mtfvUEq8gQ1CcWt7QZ+RmHBDUmhcFrp5RYzLsZ8iF2Hmidow2K+85SdOWfA4tS4o4nN3d8vCp5YO0kidzPhNLKr2cz8L+vmFF+FhdRZTqjFYlCcK0YpmxXABtKgIDVxwIWRblcmRtxwQa6miishWP3yOrQvGoHjex/KcAKncA4BXMI13EETWiAggxd4g3cv9169j0VdJW/Z2zH8kff5Ax/PkIs=</latexit><latexit sha1_base64="76OEQrO0JJsIsazbCes5/058uCw=">AAAB83icbZBNS8NAEIY39avWr6pHL0uL4KkkXvRY8eKxgv2AJpTNdtIu3WzC7kQsoX/DiwdFvPpnvPlv3LY5aOsLCw/vzDCzb5hKYdB1v53SxubW9k55t7K3f3B4VD0+6Zgk0xzaPJGJ7oXMgBQK2ihQQi/VwOJQQjec3M7r3UfQRiTqAacpBDEbKREJztBavo/whPmNFBxmg2rdbbgL0XXwCqiTQq1B9csfJjyLQSGXzJi+56YY5Eyj4BJmFT8zkDI+YSPoW1QsBhPki5tn9Nw6Qxol2j6FdOH+nshZbMw0Dm1nzHBsVmtz879aP8PoOsiFSjMExZeLokxSTOg8ADoUGjjKqQXGtbC3Uj5mmnG0MVVsCN7ql9ehc9nwLN+79WatiKNMzkiNXBCPXJEmuSMt0iacpOSZvJI3J3NenHfnY9lacoqZU/JHzucPXcqRxQ==</latexit><latexit sha1_base64="PWf99zPbVwzSEIaSIeSeQfeFkLM=">AAAB83icbZBNS8NAEIY3ftb6VfXoZWkRPJVEBD1WvHisYD+gCWWznbRLN5uwOxFL6N/w4kERr/4Zb/4bt20O2vrCwsM7M8zsG6ZSGHTdb2dtfWNza7u0U97d2z84rBwdt02SaQ4tnshEd0NmQAoFLRQooZtqYHEooROOb2f1ziNoIxL1gJMUgpgNlYgEZ2gt30d4wvxGCg7TfqXm1t256Cp4BdRIoWa/8uUPEp7FoJBLZkzPc1MMcqZRcAnTsp8ZSBkfsyH0LCoWgwny+c1TemadAY0SbZ9COnd/T+QsNmYSh7YzZjgyy7WZ+V+tl2F0HeRCpRmC4otFUSYpJnQWAB0IDRzlxALjWthbKR8xzTjamMo2BG/5y6vQvqh7lu8va41qEUeJnJIqOSceuSINckeapEU4SckzeSVvTua8OO/Ox6J1zSlmTsgfOZ8/XwqRyQ==</latexit><latexit sha1_base64="PWf99zPbVwzSEIaSIeSeQfeFkLM=">AAAB83icbZBNS8NAEIY3ftb6VfXoZWkRPJVEBD1WvHisYD+gCWWznbRLN5uwOxFL6N/w4kERr/4Zb/4bt20O2vrCwsM7M8zsG6ZSGHTdb2dtfWNza7u0U97d2z84rBwdt02SaQ4tnshEd0NmQAoFLRQooZtqYHEooROOb2f1ziNoIxL1gJMUgpgNlYgEZ2gt30d4wvxGCg7TfqXm1t256Cp4BdRIoWa/8uUPEp7FoJBLZkzPc1MMcqZRcAnTsp8ZSBkfsyH0LCoWgwny+c1TemadAY0SbZ9COnd/T+QsNmYSh7YzZjgyy7WZ+V+tl2F0HeRCpRmC4otFUSYpJnQWAB0IDRzlxALjWthbKR8xzTjamMo2BG/5y6vQvqh7lu8va41qEUeJnJIqOSceuSINckeapEU4SckzeSVvTua8OO/Ox6J1zSlmTsgfOZ8/XwqRyQ==</latexit><latexit sha1_base64="PWf99zPbVwzSEIaSIeSeQfeFkLM=">AAAB83icbZBNS8NAEIY3ftb6VfXoZWkRPJVEBD1WvHisYD+gCWWznbRLN5uwOxFL6N/w4kERr/4Zb/4bt20O2vrCwsM7M8zsG6ZSGHTdb2dtfWNza7u0U97d2z84rBwdt02SaQ4tnshEd0NmQAoFLRQooZtqYHEooROOb2f1ziNoIxL1gJMUgpgNlYgEZ2gt30d4wvxGCg7TfqXm1t256Cp4BdRIoWa/8uUPEp7FoJBLZkzPc1MMcqZRcAnTsp8ZSBkfsyH0LCoWgwny+c1TemadAY0SbZ9COnd/T+QsNmYSh7YzZjgyy7WZ+V+tl2F0HeRCpRmC4otFUSYpJnQWAB0IDRzlxALjWthbKR8xzTjamMo2BG/5y6vQvqh7lu8va41qEUeJnJIqOSceuSINckeapEU4SckzeSVvTua8OO/Ox6J1zSlmTsgfOZ8/XwqRyQ==</latexit><latexit sha1_base64="PWf99zPbVwzSEIaSIeSeQfeFkLM=">AAAB83icbZBNS8NAEIY3ftb6VfXoZWkRPJVEBD1WvHisYD+gCWWznbRLN5uwOxFL6N/w4kERr/4Zb/4bt20O2vrCwsM7M8zsG6ZSGHTdb2dtfWNza7u0U97d2z84rBwdt02SaQ4tnshEd0NmQAoFLRQooZtqYHEooROOb2f1ziNoIxL1gJMUgpgNlYgEZ2gt30d4wvxGCg7TfqXm1t256Cp4BdRIoWa/8uUPEp7FoJBLZkzPc1MMcqZRcAnTsp8ZSBkfsyH0LCoWgwny+c1TemadAY0SbZ9COnd/T+QsNmYSh7YzZjgyy7WZ+V+tl2F0HeRCpRmC4otFUSYpJnQWAB0IDRzlxALjWthbKR8xzTjamMo2BG/5y6vQvqh7lu8va41qEUeJnJIqOSceuSINckeapEU4SckzeSVvTua8OO/Ox6J1zSlmTsgfOZ8/XwqRyQ==</latexit><latexit sha1_base64="PWf99zPbVwzSEIaSIeSeQfeFkLM=">AAAB83icbZBNS8NAEIY3ftb6VfXoZWkRPJVEBD1WvHisYD+gCWWznbRLN5uwOxFL6N/w4kERr/4Zb/4bt20O2vrCwsM7M8zsG6ZSGHTdb2dtfWNza7u0U97d2z84rBwdt02SaQ4tnshEd0NmQAoFLRQooZtqYHEooROOb2f1ziNoIxL1gJMUgpgNlYgEZ2gt30d4wvxGCg7TfqXm1t256Cp4BdRIoWa/8uUPEp7FoJBLZkzPc1MMcqZRcAnTsp8ZSBkfsyH0LCoWgwny+c1TemadAY0SbZ9COnd/T+QsNmYSh7YzZjgyy7WZ+V+tl2F0HeRCpRmC4otFUSYpJnQWAB0IDRzlxALjWthbKR8xzTjamMo2BG/5y6vQvqh7lu8va41qEUeJnJIqOSceuSINckeapEU4SckzeSVvTua8OO/Ox6J1zSlmTsgfOZ8/XwqRyQ==</latexit><latexit sha1_base64="PWf99zPbVwzSEIaSIeSeQfeFkLM=">AAAB83icbZBNS8NAEIY3ftb6VfXoZWkRPJVEBD1WvHisYD+gCWWznbRLN5uwOxFL6N/w4kERr/4Zb/4bt20O2vrCwsM7M8zsG6ZSGHTdb2dtfWNza7u0U97d2z84rBwdt02SaQ4tnshEd0NmQAoFLRQooZtqYHEooROOb2f1ziNoIxL1gJMUgpgNlYgEZ2gt30d4wvxGCg7TfqXm1t256Cp4BdRIoWa/8uUPEp7FoJBLZkzPc1MMcqZRcAnTsp8ZSBkfsyH0LCoWgwny+c1TemadAY0SbZ9COnd/T+QsNmYSh7YzZjgyy7WZ+V+tl2F0HeRCpRmC4otFUSYpJnQWAB0IDRzlxALjWthbKR8xzTjamMo2BG/5y6vQvqh7lu8va41qEUeJnJIqOSceuSINckeapEU4SckzeSVvTua8OO/Ox6J1zSlmTsgfOZ8/XwqRyQ==</latexit>

Eve
<latexit sha1_base64="7bO6j1phj5n8Z+9op2Tv6zuIjH0=">AAAB8XicbZBNSwMxEIaz9avWr6pHL6FF8FR2RdBjQQSPFWwrtkvJprNtaDa7JLPFsvRfePGgiFf/jTf/jWm7B219IfDwzgyZeYNECoOu++0U1tY3NreK26Wd3b39g/LhUcvEqebQ5LGM9UPADEihoIkCJTwkGlgUSGgHo+tZvT0GbUSs7nGSgB+xgRKh4Ayt9dhFeMLsZgzTXrnq1ty56Cp4OVRJrkav/NXtxzyNQCGXzJiO5yboZ0yj4BKmpW5qIGF8xAbQsahYBMbP5htP6al1+jSMtX0K6dz9PZGxyJhJFNjOiOHQLNdm5n+1TorhlZ8JlaQIii8+ClNJMaaz82lfaOAoJxYY18LuSvmQacbRhlSyIXjLJ69C67zmWb67qNYreRxFckIq5Ix45JLUyS1pkCbhRJFn8kreHOO8OO/Ox6K14OQzx+SPnM8f7JOQ9w==</latexit><latexit sha1_base64="7bO6j1phj5n8Z+9op2Tv6zuIjH0=">AAAB8XicbZBNSwMxEIaz9avWr6pHL6FF8FR2RdBjQQSPFWwrtkvJprNtaDa7JLPFsvRfePGgiFf/jTf/jWm7B219IfDwzgyZeYNECoOu++0U1tY3NreK26Wd3b39g/LhUcvEqebQ5LGM9UPADEihoIkCJTwkGlgUSGgHo+tZvT0GbUSs7nGSgB+xgRKh4Ayt9dhFeMLsZgzTXrnq1ty56Cp4OVRJrkav/NXtxzyNQCGXzJiO5yboZ0yj4BKmpW5qIGF8xAbQsahYBMbP5htP6al1+jSMtX0K6dz9PZGxyJhJFNjOiOHQLNdm5n+1TorhlZ8JlaQIii8+ClNJMaaz82lfaOAoJxYY18LuSvmQacbRhlSyIXjLJ69C67zmWb67qNYreRxFckIq5Ix45JLUyS1pkCbhRJFn8kreHOO8OO/Ox6K14OQzx+SPnM8f7JOQ9w==</latexit><latexit sha1_base64="7bO6j1phj5n8Z+9op2Tv6zuIjH0=">AAAB8XicbZBNSwMxEIaz9avWr6pHL6FF8FR2RdBjQQSPFWwrtkvJprNtaDa7JLPFsvRfePGgiFf/jTf/jWm7B219IfDwzgyZeYNECoOu++0U1tY3NreK26Wd3b39g/LhUcvEqebQ5LGM9UPADEihoIkCJTwkGlgUSGgHo+tZvT0GbUSs7nGSgB+xgRKh4Ayt9dhFeMLsZgzTXrnq1ty56Cp4OVRJrkav/NXtxzyNQCGXzJiO5yboZ0yj4BKmpW5qIGF8xAbQsahYBMbP5htP6al1+jSMtX0K6dz9PZGxyJhJFNjOiOHQLNdm5n+1TorhlZ8JlaQIii8+ClNJMaaz82lfaOAoJxYY18LuSvmQacbRhlSyIXjLJ69C67zmWb67qNYreRxFckIq5Ix45JLUyS1pkCbhRJFn8kreHOO8OO/Ox6K14OQzx+SPnM8f7JOQ9w==</latexit><latexit sha1_base64="7bO6j1phj5n8Z+9op2Tv6zuIjH0=">AAAB8XicbZBNSwMxEIaz9avWr6pHL6FF8FR2RdBjQQSPFWwrtkvJprNtaDa7JLPFsvRfePGgiFf/jTf/jWm7B219IfDwzgyZeYNECoOu++0U1tY3NreK26Wd3b39g/LhUcvEqebQ5LGM9UPADEihoIkCJTwkGlgUSGgHo+tZvT0GbUSs7nGSgB+xgRKh4Ayt9dhFeMLsZgzTXrnq1ty56Cp4OVRJrkav/NXtxzyNQCGXzJiO5yboZ0yj4BKmpW5qIGF8xAbQsahYBMbP5htP6al1+jSMtX0K6dz9PZGxyJhJFNjOiOHQLNdm5n+1TorhlZ8JlaQIii8+ClNJMaaz82lfaOAoJxYY18LuSvmQacbRhlSyIXjLJ69C67zmWb67qNYreRxFckIq5Ix45JLUyS1pkCbhRJFn8kreHOO8OO/Ox6K14OQzx+SPnM8f7JOQ9w==</latexit>

Bob
<latexit sha1_base64="iifYz7JA7aKFwvds7XBnGS/aw+o=">AAAB8XicbZBNS8NAEIYn9avWr6pHL6FF8FQSEfRY9OKxgv3ANpTNdtMu3eyG3YlYQv+FFw+KePXfePPfuG1z0NYXFh7emWFn3jAR3KDnfTuFtfWNza3idmlnd2//oHx41DIq1ZQ1qRJKd0JimOCSNZGjYJ1EMxKHgrXD8c2s3n5k2nAl73GSsCAmQ8kjTgla66GH7AmzaxVO++WqV/PmclfBz6EKuRr98ldvoGgaM4lUEGO6vpdgkBGNnAo2LfVSwxJCx2TIuhYliZkJsvnGU/fUOgM3Uto+ie7c/T2RkdiYSRzazpjgyCzXZuZ/tW6K0VWQcZmkyCRdfBSlwkXlzs53B1wzimJigVDN7a4uHRFNKNqQSjYEf/nkVWid13zLdxfVeiWPowgnUIEz8OES6nALDWgCBQnP8ApvjnFenHfnY9FacPKZY/gj5/MH2MWQ6g==</latexit><latexit sha1_base64="iifYz7JA7aKFwvds7XBnGS/aw+o=">AAAB8XicbZBNS8NAEIYn9avWr6pHL6FF8FQSEfRY9OKxgv3ANpTNdtMu3eyG3YlYQv+FFw+KePXfePPfuG1z0NYXFh7emWFn3jAR3KDnfTuFtfWNza3idmlnd2//oHx41DIq1ZQ1qRJKd0JimOCSNZGjYJ1EMxKHgrXD8c2s3n5k2nAl73GSsCAmQ8kjTgla66GH7AmzaxVO++WqV/PmclfBz6EKuRr98ldvoGgaM4lUEGO6vpdgkBGNnAo2LfVSwxJCx2TIuhYliZkJsvnGU/fUOgM3Uto+ie7c/T2RkdiYSRzazpjgyCzXZuZ/tW6K0VWQcZmkyCRdfBSlwkXlzs53B1wzimJigVDN7a4uHRFNKNqQSjYEf/nkVWid13zLdxfVeiWPowgnUIEz8OES6nALDWgCBQnP8ApvjnFenHfnY9FacPKZY/gj5/MH2MWQ6g==</latexit><latexit sha1_base64="iifYz7JA7aKFwvds7XBnGS/aw+o=">AAAB8XicbZBNS8NAEIYn9avWr6pHL6FF8FQSEfRY9OKxgv3ANpTNdtMu3eyG3YlYQv+FFw+KePXfePPfuG1z0NYXFh7emWFn3jAR3KDnfTuFtfWNza3idmlnd2//oHx41DIq1ZQ1qRJKd0JimOCSNZGjYJ1EMxKHgrXD8c2s3n5k2nAl73GSsCAmQ8kjTgla66GH7AmzaxVO++WqV/PmclfBz6EKuRr98ldvoGgaM4lUEGO6vpdgkBGNnAo2LfVSwxJCx2TIuhYliZkJsvnGU/fUOgM3Uto+ie7c/T2RkdiYSRzazpjgyCzXZuZ/tW6K0VWQcZmkyCRdfBSlwkXlzs53B1wzimJigVDN7a4uHRFNKNqQSjYEf/nkVWid13zLdxfVeiWPowgnUIEz8OES6nALDWgCBQnP8ApvjnFenHfnY9FacPKZY/gj5/MH2MWQ6g==</latexit><latexit sha1_base64="iifYz7JA7aKFwvds7XBnGS/aw+o=">AAAB8XicbZBNS8NAEIYn9avWr6pHL6FF8FQSEfRY9OKxgv3ANpTNdtMu3eyG3YlYQv+FFw+KePXfePPfuG1z0NYXFh7emWFn3jAR3KDnfTuFtfWNza3idmlnd2//oHx41DIq1ZQ1qRJKd0JimOCSNZGjYJ1EMxKHgrXD8c2s3n5k2nAl73GSsCAmQ8kjTgla66GH7AmzaxVO++WqV/PmclfBz6EKuRr98ldvoGgaM4lUEGO6vpdgkBGNnAo2LfVSwxJCx2TIuhYliZkJsvnGU/fUOgM3Uto+ie7c/T2RkdiYSRzazpjgyCzXZuZ/tW6K0VWQcZmkyCRdfBSlwkXlzs53B1wzimJigVDN7a4uHRFNKNqQSjYEf/nkVWid13zLdxfVeiWPowgnUIEz8OES6nALDWgCBQnP8ApvjnFenHfnY9FacPKZY/gj5/MH2MWQ6g==</latexit>

Public Channel
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<latexit sha1_base64="ugNWZ1p21lFjbKNTZGvpK4ogmoo=">AAAB8XicdVBNSwMxEM3W7/pV9eglKIKnJdtWWw+C4MVjFavFdinZNLWh2eySzIrL0n/hxYMingT/jbf+EO+mrYKKPhh4vDfDzLwglsIAIUMnNzU9Mzs3v5BfXFpeWS2srV+YKNGM11kkI90IqOFSKF4HAZI3Ys1pGEh+GfSPR/7lDddGROoc0pj7Ib1WoisYBStdnbVbwG8hiwftwjZxq3vlqlfExC3tl8oVYolHygcewZ5Lxtg+mn5/aaSHw1q78NbqRCwJuQImqTFNj8TgZ1SDYJIP8q3E8JiyPr3mTUsVDbnxs/HFA7xjlQ7uRtqWAjxWv09kNDQmDQPbGVLomd/eSPzLaybQrfqZUHECXLHJom4iMUR49D7uCM0ZyNQSyrSwt2LWo5oysCHlbQhfn+L/yUXR9Upu8dSmsYUmmEebaAvtIg9V0BE6QTVURwwpdIce0KNjnHvnyXmetOacz5kN9APO6wdiYJUC</latexit>

• Rate constraint Rp active

• CSK(Rp, PXY Z) non-computable
(not even Banach-Mazur)

Rate constraint on the public communication not only affects the performance,
it is also turns an algorithmically non-tractable problem into a solvable problem!
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Conclusions (2)

Thank you for your attention!

• Many extensions and other open problems including secure communication
with active jammers [BSP ’18], identification [BSP ’18], secure authentication
[BSBP ’19], detection of denial-of-service attacks [BSP ’19] and many others

H. Boche, R. F. Schaefer, and H. V. Poor, “Performance evaluation of secure communication systems
on Turing machines,” in Proc. 10th IEEE Int. Workshop Inf. Forensics Security, Hong Kong, Dec. 2018,
pp. 1–7

H. Boche, R. F. Schaefer, and H. V. Poor, “Secure communication and identification systems – effective
performance evaluation on Turing machines,” 2018, submitted

H. Boche, R. F. Schaefer, S. Baur, and H. V. Poor, “On the algorithmic computability of the secret key
and authentication capacity under channel, storage, and privacy leakage constraints,” 2018, submitted

H. Boche, R. F. Schaefer, and H. V. Poor, “Detectability of denial-of-service attacks on communication
systems,” in Proc. IEEE Int. Conf. Acoustics, Speech, Signal Process., Brighton, UK, May 2019
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If time permits, another motivation for studying the computability....
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Motivation

Status Quo1

• several 100.000 new software products every year

• all main products of top leading software companies are insecure,
erroneous, and impossible to verify

• uncountable software updates to repair identified errors

• no secure infrastructure

• uncountable adversarial attacks on hardware and software (e.g. Vodafone
monitors every 2ms an attack on their system)

1A. Schönbohm, President of Federal Office for Information Security (BSI), at Technology
Innovation 2018, Feb 22, 2018
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Verification

Industry with hard-
ware and software
products

YES
⇒

Certification agency
(e.g. BSI)

⇓ NO

YES
⇒

Verified hard- and
software infrastruc-
ture

• QUESTION: How can we design this?
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Verification (2)

Implementation of
solution of communi-
cation task:

Protocol
⊕ Physical channels
⊕ Attack classes

YES
⇒

(universal) Turing
machine to verify:

• security

• privacy

• efficiency

• ...

⇓ NO

YES
⇒

Verified hard- and
software infrastruc-
ture

w Verification framework based on Turing machines and computability as
developed in the beginning!
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Turing Machine (2)

Definition: Turing Machine

A Turing machine T given by

T : CS × CH × CP × N→ {yes / no}

is a mapping with
T(CS,CH,CP, k) = yes

if and only if the performance requirements are satisfied and

C −R <
1

k
(1)

where C denotes the capacity.

For a given communication scenario CS, the verification of security and spectral
efficiency is called effective, if there exists a (universal) Turing machine such
that for all valid channel inputs, communication protocols CP, and all k ∈ N
the Turing machine always outputs the correct answer

23



Turing Machine (3)

• Within this framework, the task of the Turing machine is to answer the
following two questions:

Question 1: Are all information theoretic performance requirements (such as
probability of decoding error at the legitimate receiver or secrecy at an
eavesdropper) satisfied?

Question 2: Is effectiveness given in the sense that the gap 1/k to the optimal
performance limit can be controlled?

• In particular Question 2 requires that the capacity C must be
algorithmically computable

w This defines a necessary condition
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