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Background



<latexit sha1_base64="sWVuyFwLfSLFp1xvLjwoOj2Yl+4=">AAAB9HicbVDLSgMxFL3js9ZX1aWbYBFclRnxtSy6cVnBPqAdSia904ZmMmOSKZSh3+HGhSJu/Rh3/o3ptAttPRA4nHMv9+QEieDauO63s7K6tr6xWdgqbu/s7u2XDg4bOk4VwzqLRaxaAdUouMS64UZgK1FIo0BgMxjeTf3mCJXmsXw04wT9iPYlDzmjxkp+J6JmoMNMDyddr1squxU3B1km3pyUYY5at/TV6cUsjVAaJqjWbc9NjJ9RZTgTOCl2Uo0JZUPax7alkkao/SwPPSGnVumRMFb2SUNy9fdGRiOtx1FgJ/OQi95U/M9rpya88TMuk9SgZLNDYSqIicm0AdLjCpkRY0soU9xmJWxAFWXG9lS0JXiLX14mjfOKd1W5fLgoV2/ndRTgGE7gDDy4hircQw3qwOAJnuEV3pyR8+K8Ox+z0RVnvnMEf+B8/gAMapJL</latexit>

sk1
<latexit sha1_base64="aZQouxkccWeMh98ObCwxa+4es4Y=">AAAB9XicbVDLSsNAFL2pr1pfUZduBovgqiTF17LoxmUF+4A2lsl00g6dTMLMRCmh/+HGhSJu/Rd3/o2TNAttPTBwOOde7pnjx5wp7TjfVmlldW19o7xZ2dre2d2z9w/aKkokoS0S8Uh2fawoZ4K2NNOcdmNJcehz2vEnN5nfeaRSsUjc62lMvRCPBAsYwdpID/0Q67EKUjWZDeqVgV11ak4OtEzcglShQHNgf/WHEUlCKjThWKme68TaS7HUjHA6q/QTRWNMJnhEe4YKHFLlpXnqGToxyhAFkTRPaJSrvzdSHCo1DX0zmadc9DLxP6+X6ODKS5mIE00FmR8KEo50hLIK0JBJSjSfGoKJZCYrImMsMdGmqKwEd/HLy6Rdr7kXtfO7s2rjuqijDEdwDKfgwiU04Baa0AICEp7hFd6sJ+vFerc+5qMlq9g5hD+wPn8AR1iSYA==</latexit>

sk2
<latexit sha1_base64="3v7B/7WFaClS9crxXrZ1LDB2AaI=">AAAB9XicbVC7TsMwFL0pr1JeBUYWiwqJqUp4jxUsjEWiD6kNleM6rVXHiWwHVEX5DxYGEGLlX9j4G5w0A7QcydLROffqHh8v4kxp2/62SkvLK6tr5fXKxubW9k51d6+twlgS2iIhD2XXw4pyJmhLM81pN5IUBx6nHW9yk/mdRyoVC8W9nkbUDfBIMJ8RrI300A+wHis/UZN0cFoZVGt23c6BFolTkBoUaA6qX/1hSOKACk04Vqrn2JF2Eyw1I5ymlX6saITJBI9oz1CBA6rcJE+doiOjDJEfSvOERrn6eyPBgVLTwDOTecp5LxP/83qx9q/chIko1lSQ2SE/5kiHKKsADZmkRPOpIZhIZrIiMsYSE22Kykpw5r+8SNondeeifn53VmtcF3WU4QAO4RgcuIQG3EITWkBAwjO8wpv1ZL1Y79bHbLRkFTv78AfW5w9I3ZJh</latexit>

sk3
<latexit sha1_base64="DqvDMY6S4vyrMG68V4K0d/UG1ok=">AAAB9XicbVDLSsNAFL2pr1pfUZduBovgqiRSH8uiG5cV7APaWCbTSTt0MgkzE6WE/ocbF4q49V/c+TdO0iy09cDA4Zx7uWeOH3OmtON8W6WV1bX1jfJmZWt7Z3fP3j9oqyiRhLZIxCPZ9bGinAna0kxz2o0lxaHPacef3GR+55FKxSJxr6cx9UI8EixgBGsjPfRDrMcqSNVkNqhXBnbVqTk50DJxC1KFAs2B/dUfRiQJqdCEY6V6rhNrL8VSM8LprNJPFI0xmeAR7RkqcEiVl+apZ+jEKEMURNI8oVGu/t5IcajUNPTNZJ5y0cvE/7xeooMrL2UiTjQVZH4oSDjSEcoqQEMmKdF8aggmkpmsiIyxxESborIS3MUvL5P2Wc29qJ3f1auN66KOMhzBMZyCC5fQgFtoQgsISHiGV3iznqwX6936mI+WrGLnEP7A+vwBSmKSYg==</latexit>

sk4
<latexit sha1_base64="83vugh/m0hbZUV1SrZh499CoI94=">AAAB9XicbVDLSsNAFL2pr1pfVZduBovgqiRi1WXRjcsK9gFtLJPppB06mYSZiVJC/sONC0Xc+i/u/BsnaRbaemDgcM693DPHizhT2ra/rdLK6tr6RnmzsrW9s7tX3T/oqDCWhLZJyEPZ87CinAna1kxz2oskxYHHadeb3mR+95FKxUJxr2cRdQM8FsxnBGsjPQwCrCfKT9Q0HTYqw2rNrts50DJxClKDAq1h9WswCkkcUKEJx0r1HTvSboKlZoTTtDKIFY0wmeIx7RsqcECVm+SpU3RilBHyQ2me0ChXf28kOFBqFnhmMk+56GXif14/1v6VmzARxZoKMj/kxxzpEGUVoBGTlGg+MwQTyUxWRCZYYqJNUVkJzuKXl0nnrO5c1Bt357XmdVFHGY7gGE7BgUtowi20oA0EJDzDK7xZT9aL9W59zEdLVrFzCH9gff4AS+eSYw==</latexit>

sk5

Traitor Tracing
[Chor-Fiat-Naor-Pinkas’94]



<latexit sha1_base64="sWVuyFwLfSLFp1xvLjwoOj2Yl+4=">AAAB9HicbVDLSgMxFL3js9ZX1aWbYBFclRnxtSy6cVnBPqAdSia904ZmMmOSKZSh3+HGhSJu/Rh3/o3ptAttPRA4nHMv9+QEieDauO63s7K6tr6xWdgqbu/s7u2XDg4bOk4VwzqLRaxaAdUouMS64UZgK1FIo0BgMxjeTf3mCJXmsXw04wT9iPYlDzmjxkp+J6JmoMNMDyddr1squxU3B1km3pyUYY5at/TV6cUsjVAaJqjWbc9NjJ9RZTgTOCl2Uo0JZUPax7alkkao/SwPPSGnVumRMFb2SUNy9fdGRiOtx1FgJ/OQi95U/M9rpya88TMuk9SgZLNDYSqIicm0AdLjCpkRY0soU9xmJWxAFWXG9lS0JXiLX14mjfOKd1W5fLgoV2/ndRTgGE7gDDy4hircQw3qwOAJnuEV3pyR8+K8Ox+z0RVnvnMEf+B8/gAMapJL</latexit>

sk1
<latexit sha1_base64="aZQouxkccWeMh98ObCwxa+4es4Y=">AAAB9XicbVDLSsNAFL2pr1pfUZduBovgqiTF17LoxmUF+4A2lsl00g6dTMLMRCmh/+HGhSJu/Rd3/o2TNAttPTBwOOde7pnjx5wp7TjfVmlldW19o7xZ2dre2d2z9w/aKkokoS0S8Uh2fawoZ4K2NNOcdmNJcehz2vEnN5nfeaRSsUjc62lMvRCPBAsYwdpID/0Q67EKUjWZDeqVgV11ak4OtEzcglShQHNgf/WHEUlCKjThWKme68TaS7HUjHA6q/QTRWNMJnhEe4YKHFLlpXnqGToxyhAFkTRPaJSrvzdSHCo1DX0zmadc9DLxP6+X6ODKS5mIE00FmR8KEo50hLIK0JBJSjSfGoKJZCYrImMsMdGmqKwEd/HLy6Rdr7kXtfO7s2rjuqijDEdwDKfgwiU04Baa0AICEp7hFd6sJ+vFerc+5qMlq9g5hD+wPn8AR1iSYA==</latexit>

sk2
<latexit sha1_base64="3v7B/7WFaClS9crxXrZ1LDB2AaI=">AAAB9XicbVC7TsMwFL0pr1JeBUYWiwqJqUp4jxUsjEWiD6kNleM6rVXHiWwHVEX5DxYGEGLlX9j4G5w0A7QcydLROffqHh8v4kxp2/62SkvLK6tr5fXKxubW9k51d6+twlgS2iIhD2XXw4pyJmhLM81pN5IUBx6nHW9yk/mdRyoVC8W9nkbUDfBIMJ8RrI300A+wHis/UZN0cFoZVGt23c6BFolTkBoUaA6qX/1hSOKACk04Vqrn2JF2Eyw1I5ymlX6saITJBI9oz1CBA6rcJE+doiOjDJEfSvOERrn6eyPBgVLTwDOTecp5LxP/83qx9q/chIko1lSQ2SE/5kiHKKsADZmkRPOpIZhIZrIiMsYSE22Kykpw5r+8SNondeeifn53VmtcF3WU4QAO4RgcuIQG3EITWkBAwjO8wpv1ZL1Y79bHbLRkFTv78AfW5w9I3ZJh</latexit>

sk3
<latexit sha1_base64="DqvDMY6S4vyrMG68V4K0d/UG1ok=">AAAB9XicbVDLSsNAFL2pr1pfUZduBovgqiRSH8uiG5cV7APaWCbTSTt0MgkzE6WE/ocbF4q49V/c+TdO0iy09cDA4Zx7uWeOH3OmtON8W6WV1bX1jfJmZWt7Z3fP3j9oqyiRhLZIxCPZ9bGinAna0kxz2o0lxaHPacef3GR+55FKxSJxr6cx9UI8EixgBGsjPfRDrMcqSNVkNqhXBnbVqTk50DJxC1KFAs2B/dUfRiQJqdCEY6V6rhNrL8VSM8LprNJPFI0xmeAR7RkqcEiVl+apZ+jEKEMURNI8oVGu/t5IcajUNPTNZJ5y0cvE/7xeooMrL2UiTjQVZH4oSDjSEcoqQEMmKdF8aggmkpmsiIyxxESborIS3MUvL5P2Wc29qJ3f1auN66KOMhzBMZyCC5fQgFtoQgsISHiGV3iznqwX6936mI+WrGLnEP7A+vwBSmKSYg==</latexit>

sk4
<latexit sha1_base64="83vugh/m0hbZUV1SrZh499CoI94=">AAAB9XicbVDLSsNAFL2pr1pfVZduBovgqiRi1WXRjcsK9gFtLJPppB06mYSZiVJC/sONC0Xc+i/u/BsnaRbaemDgcM693DPHizhT2ra/rdLK6tr6RnmzsrW9s7tX3T/oqDCWhLZJyEPZ87CinAna1kxz2oskxYHHadeb3mR+95FKxUJxr2cRdQM8FsxnBGsjPQwCrCfKT9Q0HTYqw2rNrts50DJxClKDAq1h9WswCkkcUKEJx0r1HTvSboKlZoTTtDKIFY0wmeIx7RsqcECVm+SpU3RilBHyQ2me0ChXf28kOFBqFnhmMk+56GXif14/1v6VmzARxZoKMj/kxxzpEGUVoBGTlGg+MwQTyUxWRCZYYqJNUVkJzuKXl0nnrO5c1Bt357XmdVFHGY7gGE7BgUtowi20oA0EJDzDK7xZT9aL9W59zEdLVrFzCH9gff4AS+eSYw==</latexit>

sk5

Traitor Tracing

<latexit sha1_base64="edMTm442xJ8F795iIYC7Tp+D7KY=">AAAB6XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQi8co5gHJEmYnvcmQ2dllZlYIS/7AiwdFvPpH3vwbZ5McNLGgoajqprsrSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0m/utJ1Sax/LRjBP0IzqQPOSMGis9sFKvXHGr7hRkmXhzUoE56r3yV7cfszRCaZigWnc8NzF+RpXhTOCk1E01JpSN6AA7lkoaofaz6aUTcmKVPgljZUsaMlV/T2Q00nocBbYzomaoF71c/M/rpCa89jMuk9SgZLNFYSqIiUn+NulzhcyIsSWUKW5vJWxIFWXGhpOH4C2+vEyaZ1Xvsnpxf16p3czjKMIRHMMpeHAFNbiDOjSAQQjP8Apvzsh5cd6dj1lrwZnPHMIfOJ8//hSNBQ==</latexit>c <latexit sha1_base64="QisAg1h91JjvAqtydkKVAvrIKYk=">AAAB6nicbVDLSsNAFL2prxpfVZduBovgqiTia1l047KifUAbymQ6aYfOTMLMRCihn+DGhSJu/SJ3/o2TNgttPXDhcM693HtPmHCmjed9O6WV1bX1jfKmu7W9s7tX2T9o6ThVhDZJzGPVCbGmnEnaNMxw2kkUxSLktB2Ob3O//USVZrF8NJOEBgIPJYsYwcZKD8J1+5WqV/NmQMvEL0gVCjT6la/eICapoNIQjrXu+l5iggwrwwinU7eXappgMsZD2rVUYkF1kM1OnaITqwxQFCtb0qCZ+nsiw0LriQhtp8BmpBe9XPzP66Ymug4yJpPUUEnmi6KUIxOj/G80YIoSwyeWYKKYvRWREVaYGJtOHoK/+PIyaZ3V/Mvaxf15tX5TxFGGIziGU/DhCupwBw1oAoEhPMMrvDnceXHenY95a8kpZg7hD5zPH0HajSM=</latexit>m

[Chor-Fiat-Naor-Pinkas’94]



<latexit sha1_base64="sWVuyFwLfSLFp1xvLjwoOj2Yl+4=">AAAB9HicbVDLSgMxFL3js9ZX1aWbYBFclRnxtSy6cVnBPqAdSia904ZmMmOSKZSh3+HGhSJu/Rh3/o3ptAttPRA4nHMv9+QEieDauO63s7K6tr6xWdgqbu/s7u2XDg4bOk4VwzqLRaxaAdUouMS64UZgK1FIo0BgMxjeTf3mCJXmsXw04wT9iPYlDzmjxkp+J6JmoMNMDyddr1squxU3B1km3pyUYY5at/TV6cUsjVAaJqjWbc9NjJ9RZTgTOCl2Uo0JZUPax7alkkao/SwPPSGnVumRMFb2SUNy9fdGRiOtx1FgJ/OQi95U/M9rpya88TMuk9SgZLNDYSqIicm0AdLjCpkRY0soU9xmJWxAFWXG9lS0JXiLX14mjfOKd1W5fLgoV2/ndRTgGE7gDDy4hircQw3qwOAJnuEV3pyR8+K8Ox+z0RVnvnMEf+B8/gAMapJL</latexit>

sk1
<latexit sha1_base64="aZQouxkccWeMh98ObCwxa+4es4Y=">AAAB9XicbVDLSsNAFL2pr1pfUZduBovgqiTF17LoxmUF+4A2lsl00g6dTMLMRCmh/+HGhSJu/Rd3/o2TNAttPTBwOOde7pnjx5wp7TjfVmlldW19o7xZ2dre2d2z9w/aKkokoS0S8Uh2fawoZ4K2NNOcdmNJcehz2vEnN5nfeaRSsUjc62lMvRCPBAsYwdpID/0Q67EKUjWZDeqVgV11ak4OtEzcglShQHNgf/WHEUlCKjThWKme68TaS7HUjHA6q/QTRWNMJnhEe4YKHFLlpXnqGToxyhAFkTRPaJSrvzdSHCo1DX0zmadc9DLxP6+X6ODKS5mIE00FmR8KEo50hLIK0JBJSjSfGoKJZCYrImMsMdGmqKwEd/HLy6Rdr7kXtfO7s2rjuqijDEdwDKfgwiU04Baa0AICEp7hFd6sJ+vFerc+5qMlq9g5hD+wPn8AR1iSYA==</latexit>

sk2
<latexit sha1_base64="3v7B/7WFaClS9crxXrZ1LDB2AaI=">AAAB9XicbVC7TsMwFL0pr1JeBUYWiwqJqUp4jxUsjEWiD6kNleM6rVXHiWwHVEX5DxYGEGLlX9j4G5w0A7QcydLROffqHh8v4kxp2/62SkvLK6tr5fXKxubW9k51d6+twlgS2iIhD2XXw4pyJmhLM81pN5IUBx6nHW9yk/mdRyoVC8W9nkbUDfBIMJ8RrI300A+wHis/UZN0cFoZVGt23c6BFolTkBoUaA6qX/1hSOKACk04Vqrn2JF2Eyw1I5ymlX6saITJBI9oz1CBA6rcJE+doiOjDJEfSvOERrn6eyPBgVLTwDOTecp5LxP/83qx9q/chIko1lSQ2SE/5kiHKKsADZmkRPOpIZhIZrIiMsYSE22Kykpw5r+8SNondeeifn53VmtcF3WU4QAO4RgcuIQG3EITWkBAwjO8wpv1ZL1Y79bHbLRkFTv78AfW5w9I3ZJh</latexit>

sk3
<latexit sha1_base64="DqvDMY6S4vyrMG68V4K0d/UG1ok=">AAAB9XicbVDLSsNAFL2pr1pfUZduBovgqiRSH8uiG5cV7APaWCbTSTt0MgkzE6WE/ocbF4q49V/c+TdO0iy09cDA4Zx7uWeOH3OmtON8W6WV1bX1jfJmZWt7Z3fP3j9oqyiRhLZIxCPZ9bGinAna0kxz2o0lxaHPacef3GR+55FKxSJxr6cx9UI8EixgBGsjPfRDrMcqSNVkNqhXBnbVqTk50DJxC1KFAs2B/dUfRiQJqdCEY6V6rhNrL8VSM8LprNJPFI0xmeAR7RkqcEiVl+apZ+jEKEMURNI8oVGu/t5IcajUNPTNZJ5y0cvE/7xeooMrL2UiTjQVZH4oSDjSEcoqQEMmKdF8aggmkpmsiIyxxESborIS3MUvL5P2Wc29qJ3f1auN66KOMhzBMZyCC5fQgFtoQgsISHiGV3iznqwX6936mI+WrGLnEP7A+vwBSmKSYg==</latexit>

sk4
<latexit sha1_base64="83vugh/m0hbZUV1SrZh499CoI94=">AAAB9XicbVDLSsNAFL2pr1pfVZduBovgqiRi1WXRjcsK9gFtLJPppB06mYSZiVJC/sONC0Xc+i/u/BsnaRbaemDgcM693DPHizhT2ra/rdLK6tr6RnmzsrW9s7tX3T/oqDCWhLZJyEPZ87CinAna1kxz2oskxYHHadeb3mR+95FKxUJxr2cRdQM8FsxnBGsjPQwCrCfKT9Q0HTYqw2rNrts50DJxClKDAq1h9WswCkkcUKEJx0r1HTvSboKlZoTTtDKIFY0wmeIx7RsqcECVm+SpU3RilBHyQ2me0ChXf28kOFBqFnhmMk+56GXif14/1v6VmzARxZoKMj/kxxzpEGUVoBGTlGg+MwQTyUxWRCZYYqJNUVkJzuKXl0nnrO5c1Bt357XmdVFHGY7gGE7BgUtowi20oA0EJDzDK7xZT9aL9W59zEdLVrFzCH9gff4AS+eSYw==</latexit>

sk5

Traitor Tracing

<latexit sha1_base64="edMTm442xJ8F795iIYC7Tp+D7KY=">AAAB6XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQi8co5gHJEmYnvcmQ2dllZlYIS/7AiwdFvPpH3vwbZ5McNLGgoajqprsrSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0m/utJ1Sax/LRjBP0IzqQPOSMGis9sFKvXHGr7hRkmXhzUoE56r3yV7cfszRCaZigWnc8NzF+RpXhTOCk1E01JpSN6AA7lkoaofaz6aUTcmKVPgljZUsaMlV/T2Q00nocBbYzomaoF71c/M/rpCa89jMuk9SgZLNFYSqIiUn+NulzhcyIsSWUKW5vJWxIFWXGhpOH4C2+vEyaZ1Xvsnpxf16p3czjKMIRHMMpeHAFNbiDOjSAQQjP8Apvzsh5cd6dj1lrwZnPHMIfOJ8//hSNBQ==</latexit>c <latexit sha1_base64="QisAg1h91JjvAqtydkKVAvrIKYk=">AAAB6nicbVDLSsNAFL2prxpfVZduBovgqiTia1l047KifUAbymQ6aYfOTMLMRCihn+DGhSJu/SJ3/o2TNgttPXDhcM693HtPmHCmjed9O6WV1bX1jfKmu7W9s7tX2T9o6ThVhDZJzGPVCbGmnEnaNMxw2kkUxSLktB2Ob3O//USVZrF8NJOEBgIPJYsYwcZKD8J1+5WqV/NmQMvEL0gVCjT6la/eICapoNIQjrXu+l5iggwrwwinU7eXappgMsZD2rVUYkF1kM1OnaITqwxQFCtb0qCZ+nsiw0LriQhtp8BmpBe9XPzP66Ymug4yJpPUUEnmi6KUIxOj/G80YIoSwyeWYKKYvRWREVaYGJtOHoK/+PIyaZ3V/Mvaxf15tX5TxFGGIziGU/DhCupwBw1oAoEhPMMrvDnceXHenY95a8kpZg7hD5zPH0HajSM=</latexit>m
<latexit sha1_base64="C2ya4uXMtT/2i6oPNFNJYlGbvVo=">AAAB+3icbVDLSsNAFJ3UV62vWJduBovgQkqiVl0W3bisaB/QhDKZ3rZDJw9nJmIJ+RU3LhRx64+482+ctFlo64ELh3Pu5d57vIgzqSzr2ygsLa+srhXXSxubW9s75m65JcNYUGjSkIei4xEJnAXQVExx6EQCiO9xaHvj68xvP4KQLAzu1SQC1yfDgA0YJUpLPbN858jYk6DgwUlOj2tOWuqZFatqTYEXiZ2TCsrR6JlfTj+ksQ+BopxI2bWtSLkJEYpRDmnJiSVEhI7JELqaBsQH6SbT21N8qJU+HoRCV6DwVP09kRBfyonv6U6fqJGc9zLxP68bq8Glm7AgihUEdLZoEHOsQpwFgftMAFV8ogmhgulbMR0RQajScWUh2PMvL5LWSdU+r9Zuzyr1qzyOItpHB+gI2egC1dENaqAmougJPaNX9GakxovxbnzMWgtGPrOH/sD4/AETZ5PS</latexit>

S ✓ {3, 5}

[Chor-Fiat-Naor-Pinkas’94]

<latexit sha1_base64="+aPt6KWMSP6e4Hq2Oxz6KrDq5Es=">AAAB8HicbVDLTgJBEOzFF+IL9ehlIjHxRHaNryPRi0eM8jCwIbPDLEyYmV1nZk3Iwld48aAxXv0cb/6NA+xBwUo6qVR1p7sriDnTxnW/ndzS8srqWn69sLG5tb1T3N2r6yhRhNZIxCPVDLCmnElaM8xw2owVxSLgtBEMrid+44kqzSJ5b4Yx9QXuSRYygo2VHkZ3o3aPPiKvUyy5ZXcKtEi8jJQgQ7VT/Gp3I5IIKg3hWOuW58bGT7EyjHA6LrQTTWNMBrhHW5ZKLKj20+nBY3RklS4KI2VLGjRVf0+kWGg9FIHtFNj09bw3Ef/zWokJL/2UyTgxVJLZojDhyERo8j3qMkWJ4UNLMFHM3opIHytMjM2oYEPw5l9eJPWTsndePrs9LVWusjjycACHcAweXEAFbqAKNSAg4Ble4c1Rzovz7nzMWnNONrMPf+B8/gBGRZAT</latexit>

|S| � 1



How Classical Traitor Tracing Works

Family of ciphertext distributions 

Distribution of honest ciphertexts
<latexit sha1_base64="hlCveMn/fzi9qdpavsQM1pZZ6Qo=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBU9kVq16EohePFewHtEvJptk2NMmuSVYoS/+CFw+KePUPefPfmG33oK0PBh7vzTAzL4g508Z1v53Cyura+kZxs7S1vbO7V94/aOkoUYQ2ScQj1QmwppxJ2jTMcNqJFcUi4LQdjG8zv/1ElWaRfDCTmPoCDyULGcEmk+L+43W/XHGr7gxomXg5qUCORr/81RtEJBFUGsKx1l3PjY2fYmUY4XRa6iWaxpiM8ZB2LZVYUO2ns1un6MQqAxRGypY0aKb+nkix0HoiAtspsBnpRS8T//O6iQmv/JTJODFUkvmiMOHIRCh7HA2YosTwiSWYKGZvRWSEFSbGxlOyIXiLLy+T1lnVu6jW7s8r9Zs8jiIcwTGcggeXUIc7aEATCIzgGV7hzRHOi/PufMxbC04+cwh/4Hz+AOZcjik=</latexit>pq = Success probability on 

<latexit sha1_base64="uywiI4cJhSMhd22Qi8dwJ7hS6to=">AAACCXicbVDLSsNAFJ34rPUVdelmsAgupCTia1Mo2oUrqWAfkIQwmU7boZNJOjMRSsjWjb/ixoUibv0Dd/6Nk7YLbT1w4XDOvdx7TxAzKpVlfRsLi0vLK6uFteL6xubWtrmz25RRIjBp4IhFoh0gSRjlpKGoYqQdC4LCgJFWMLjO/dYDEZJG/F6NYuKFqMdpl2KktOSb0A2R6mPE0lpWcdOaP3QzPx26lDvW8a2XVXyzZJWtMeA8saekBKao++aX24lwEhKuMENSOrYVKy9FQlHMSFZ0E0lihAeoRxxNOQqJ9NLxJxk81EoHdiOhiys4Vn9PpCiUchQGujO/W856ufif5ySqe+mllMeJIhxPFnUTBlUE81hghwqCFRtpgrCg+laI+0ggrHR4RR2CPfvyPGmelO3z8tndaal6NY2jAPbBATgCNrgAVXAD6qABMHgEz+AVvBlPxovxbnxMWheM6cwe+APj8wcvVZoC</latexit>

D = {Dq}q2[0,N ] =
<latexit sha1_base64="mBAqtAHnH56vqSnikce8KuqiLmc=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoPgKeyKr4sQ1IMniWAekCxhdjKbDJmZXWZmhbDkF7x4UMSrP+TNv3E22YMmFjQUVd10dwUxZ9q47rdTWFpeWV0rrpc2Nre2d8q7e00dJYrQBol4pNoB1pQzSRuGGU7bsaJYBJy2gtFN5reeqNIsko9mHFNf4IFkISPYZNJt7/6qV664VXcKtEi8nFQgR71X/ur2I5IIKg3hWOuO58bGT7EyjHA6KXUTTWNMRnhAO5ZKLKj20+mtE3RklT4KI2VLGjRVf0+kWGg9FoHtFNgM9byXif95ncSEl37KZJwYKslsUZhwZCKUPY76TFFi+NgSTBSztyIyxAoTY+Mp2RC8+ZcXSfOk6p1Xzx5OK7XrPI4iHMAhHIMHF1CDO6hDAwgM4Rle4c0Rzovz7nzMWgtOPrMPf+B8/gBt+Y3a</latexit>

DN =
<latexit sha1_base64="tPu5Y2fK8MJDKoyqsy4vrqQ6evE=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2NQDx4jmgckS5idTJIhs7PrTK8QlnyCFw+KePWLvPk3TpI9aGJBQ1HVTXdXEEth0HW/ndzS8srqWn69sLG5tb1T3N2rmyjRjNdYJCPdDKjhUiheQ4GSN2PNaRhI3giG1xO/8cS1EZF6wFHM/ZD2legJRtFK9zedx06x5JbdKcgi8TJSggzVTvGr3Y1YEnKFTFJjWp4bo59SjYJJPi60E8Njyoa0z1uWKhpy46fTU8fkyCpd0ou0LYVkqv6eSGlozCgMbGdIcWDmvYn4n9dKsHfpp0LFCXLFZot6iSQYkcnfpCs0ZyhHllCmhb2VsAHVlKFNp2BD8OZfXiT1k7J3Xj67Oy1VrrI48nAAh3AMHlxABW6hCjVg0IdneIU3RzovzrvzMWvNOdnMPvyB8/kDILiNtg==</latexit>

Dq



How Classical Traitor Tracing Works

Guarantees:
•                    
•  
•  

<latexit sha1_base64="IC9d2CsyrRb20nMsJKh1XF19aSo=">AAAB73icbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQx68SQRzAOSJcxOejdDZmfXmVkhhPyEFw+KePV3vPk3TpI9aGJBQ1HVTXdXkAqujet+O0vLK6tr64WN4ubW9s5uaW+/oZNMMayzRCSqFVCNgkusG24EtlKFNA4ENoPBzcRvPqHSPJEPZpiiH9NI8pAzaqzUSrt3nSgibrdUdivuFGSReDkpQ45at/TV6SUsi1EaJqjWbc9NjT+iynAmcFzsZBpTygY0wralksao/dH03jE5tkqPhImyJQ2Zqr8nRjTWehgHtjOmpq/nvYn4n9fOTHjlj7hMM4OSzRaFmSAmIZPnSY8rZEYMLaFMcXsrYX2qKDM2oqINwZt/eZE0TiveReX8/qxcvc7jKMAhHMEJeHAJVbiFGtSBgYBneIU359F5cd6dj1nrkpPPHMAfOJ8/LYmPaw==</latexit>

pN � 0
<latexit sha1_base64="ZjxGp3g35zxu7jbUMN75TrkHKB0=">AAAB83icbVDLSgMxFL1TX7W+qi7dBIvgqsyIr2XRjcsK9gGdoWTSTBuaSUKSEcvQ33DjQhG3/ow7/8b0sdDWAxcO59zLvffEijNjff/bK6ysrq1vFDdLW9s7u3vl/YOmkZkmtEEkl7odY0M5E7RhmeW0rTTFacxpKx7eTvzWI9WGSfFgR4pGKe4LljCCrZNC1fVDrJSWT8jvlit+1Z8CLZNgTiowR71b/gp7kmQpFZZwbEwn8JWNcqwtI5yOS2FmqMJkiPu046jAKTVRPr15jE6c0kOJ1K6ERVP190SOU2NGaew6U2wHZtGbiP95ncwm11HOhMosFWS2KMk4shJNAkA9pimxfOQIJpq5WxEZYI2JdTGVXAjB4svLpHlWDS6rF/fnldrNPI4iHMExnEIAV1CDO6hDAwgoeIZXePMy78V79z5mrQVvPnMIf+B9/gBbkZFB</latexit>

p0 ⇡ 0
if all users in                    honest

by assumption that decoder works

Enforced cryptographically
<latexit sha1_base64="FMmlwvaW4BwaGsW7q6RbOgModc0=">AAAB9XicbVDLTsMwENzwLOVV4MjFokLiVCWI17GCC8ci0YfUhshxndaqExvbAaqo/8GFAwhx5V+48Te4bQ7QMtJKo5ld7e6EkjNtXPfbWVhcWl5ZLawV1zc2t7ZLO7sNLVJFaJ0ILlQrxJpyltC6YYbTllQUxyGnzXBwNfabD1RpJpJbM5TUj3EvYREj2FjpTgb3HSylEk9IBioold2KOwGaJ15OypCjFpS+Ol1B0pgmhnCsddtzpfEzrAwjnI6KnVRTickA92jb0gTHVPvZ5OoROrRKF0VC2UoMmqi/JzIcaz2MQ9sZY9PXs95Y/M9rpya68DOWyNTQhEwXRSlHRqBxBKjLFCWGDy3BRDF7KyJ9rDAxNqiiDcGbfXmeNI4r3lnl9OakXL3M4yjAPhzAEXhwDlW4hhrUgYCCZ3iFN+fReXHenY9p64KTz+zBHzifP7Ihkqc=</latexit>pq ⇡ pr

<latexit sha1_base64="Nce9aPh1c32Al/B3H06LBVFeS4U=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoMgKGFXfB2DXjxGMA/YLGF2MpsMmZ1ZZ2aFsOQjvHhQxKvf482/cZLsQRMLGoqqbrq7woQzbVz32yksLa+srhXXSxubW9s75d29ppapIrRBJJeqHWJNORO0YZjhtJ0oiuOQ01Y4vJ34rSeqNJPiwYwSGsS4L1jECDZWavnqxDt9DLrlilt1p0CLxMtJBXLUu+WvTk+SNKbCEI619j03MUGGlWGE03Gpk2qaYDLEfepbKnBMdZBNzx2jI6v0UCSVLWHQVP09keFY61Ec2s4Ym4Ge9ybif56fmug6yJhIUkMFmS2KUo6MRJPfUY8pSgwfWYKJYvZWRAZYYWJsQiUbgjf/8iJpnlW9y+rF/XmldpPHUYQDOIRj8OAKanAHdWgAgSE8wyu8OYnz4rw7H7PWgpPP7MMfOJ8/VLuO7Q==</latexit>

[r + 1, q]

Family of ciphertext distributions 

Distribution of honest ciphertexts
<latexit sha1_base64="hlCveMn/fzi9qdpavsQM1pZZ6Qo=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBU9kVq16EohePFewHtEvJptk2NMmuSVYoS/+CFw+KePUPefPfmG33oK0PBh7vzTAzL4g508Z1v53Cyura+kZxs7S1vbO7V94/aOkoUYQ2ScQj1QmwppxJ2jTMcNqJFcUi4LQdjG8zv/1ElWaRfDCTmPoCDyULGcEmk+L+43W/XHGr7gxomXg5qUCORr/81RtEJBFUGsKx1l3PjY2fYmUY4XRa6iWaxpiM8ZB2LZVYUO2ns1un6MQqAxRGypY0aKb+nkix0HoiAtspsBnpRS8T//O6iQmv/JTJODFUkvmiMOHIRCh7HA2YosTwiSWYKGZvRWSEFSbGxlOyIXiLLy+T1lnVu6jW7s8r9Zs8jiIcwTGcggeXUIc7aEATCIzgGV7hzRHOi/PufMxbC04+cwh/4Hz+AOZcjik=</latexit>pq = Success probability on 

<latexit sha1_base64="uywiI4cJhSMhd22Qi8dwJ7hS6to=">AAACCXicbVDLSsNAFJ34rPUVdelmsAgupCTia1Mo2oUrqWAfkIQwmU7boZNJOjMRSsjWjb/ixoUibv0Dd/6Nk7YLbT1w4XDOvdx7TxAzKpVlfRsLi0vLK6uFteL6xubWtrmz25RRIjBp4IhFoh0gSRjlpKGoYqQdC4LCgJFWMLjO/dYDEZJG/F6NYuKFqMdpl2KktOSb0A2R6mPE0lpWcdOaP3QzPx26lDvW8a2XVXyzZJWtMeA8saekBKao++aX24lwEhKuMENSOrYVKy9FQlHMSFZ0E0lihAeoRxxNOQqJ9NLxJxk81EoHdiOhiys4Vn9PpCiUchQGujO/W856ufif5ySqe+mllMeJIhxPFnUTBlUE81hghwqCFRtpgrCg+laI+0ggrHR4RR2CPfvyPGmelO3z8tndaal6NY2jAPbBATgCNrgAVXAD6qABMHgEz+AVvBlPxovxbnxMWheM6cwe+APj8wcvVZoC</latexit>

D = {Dq}q2[0,N ] =
<latexit sha1_base64="mBAqtAHnH56vqSnikce8KuqiLmc=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoPgKeyKr4sQ1IMniWAekCxhdjKbDJmZXWZmhbDkF7x4UMSrP+TNv3E22YMmFjQUVd10dwUxZ9q47rdTWFpeWV0rrpc2Nre2d8q7e00dJYrQBol4pNoB1pQzSRuGGU7bsaJYBJy2gtFN5reeqNIsko9mHFNf4IFkISPYZNJt7/6qV664VXcKtEi8nFQgR71X/ur2I5IIKg3hWOuO58bGT7EyjHA6KXUTTWNMRnhAO5ZKLKj20+mtE3RklT4KI2VLGjRVf0+kWGg9FoHtFNgM9byXif95ncSEl37KZJwYKslsUZhwZCKUPY76TFFi+NgSTBSztyIyxAoTY+Mp2RC8+ZcXSfOk6p1Xzx5OK7XrPI4iHMAhHIMHF1CDO6hDAwgM4Rle4c0Rzovz7nzMWgtOPrMPf+B8/gBt+Y3a</latexit>

DN =
<latexit sha1_base64="tPu5Y2fK8MJDKoyqsy4vrqQ6evE=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2NQDx4jmgckS5idTJIhs7PrTK8QlnyCFw+KePWLvPk3TpI9aGJBQ1HVTXdXEEth0HW/ndzS8srqWn69sLG5tb1T3N2rmyjRjNdYJCPdDKjhUiheQ4GSN2PNaRhI3giG1xO/8cS1EZF6wFHM/ZD2legJRtFK9zedx06x5JbdKcgi8TJSggzVTvGr3Y1YEnKFTFJjWp4bo59SjYJJPi60E8Njyoa0z1uWKhpy46fTU8fkyCpd0ou0LYVkqv6eSGlozCgMbGdIcWDmvYn4n9dKsHfpp0LFCXLFZot6iSQYkcnfpCs0ZyhHllCmhb2VsAHVlKFNp2BD8OZfXiT1k7J3Xj67Oy1VrrI48nAAh3AMHlxABW6hCjVg0IdneIU3RzovzrvzMWvNOdnMPvyB8/kDILiNtg==</latexit>

Dq



How Classical Traitor Tracing Works

More general structures also used

Guarantees:
•                    
•  
•  

<latexit sha1_base64="IC9d2CsyrRb20nMsJKh1XF19aSo=">AAAB73icbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQx68SQRzAOSJcxOejdDZmfXmVkhhPyEFw+KePV3vPk3TpI9aGJBQ1HVTXdXkAqujet+O0vLK6tr64WN4ubW9s5uaW+/oZNMMayzRCSqFVCNgkusG24EtlKFNA4ENoPBzcRvPqHSPJEPZpiiH9NI8pAzaqzUSrt3nSgibrdUdivuFGSReDkpQ45at/TV6SUsi1EaJqjWbc9NjT+iynAmcFzsZBpTygY0wralksao/dH03jE5tkqPhImyJQ2Zqr8nRjTWehgHtjOmpq/nvYn4n9fOTHjlj7hMM4OSzRaFmSAmIZPnSY8rZEYMLaFMcXsrYX2qKDM2oqINwZt/eZE0TiveReX8/qxcvc7jKMAhHMEJeHAJVbiFGtSBgYBneIU359F5cd6dj1nrkpPPHMAfOJ8/LYmPaw==</latexit>

pN � 0
<latexit sha1_base64="ZjxGp3g35zxu7jbUMN75TrkHKB0=">AAAB83icbVDLSgMxFL1TX7W+qi7dBIvgqsyIr2XRjcsK9gGdoWTSTBuaSUKSEcvQ33DjQhG3/ow7/8b0sdDWAxcO59zLvffEijNjff/bK6ysrq1vFDdLW9s7u3vl/YOmkZkmtEEkl7odY0M5E7RhmeW0rTTFacxpKx7eTvzWI9WGSfFgR4pGKe4LljCCrZNC1fVDrJSWT8jvlit+1Z8CLZNgTiowR71b/gp7kmQpFZZwbEwn8JWNcqwtI5yOS2FmqMJkiPu046jAKTVRPr15jE6c0kOJ1K6ERVP190SOU2NGaew6U2wHZtGbiP95ncwm11HOhMosFWS2KMk4shJNAkA9pimxfOQIJpq5WxEZYI2JdTGVXAjB4svLpHlWDS6rF/fnldrNPI4iHMExnEIAV1CDO6hDAwgoeIZXePMy78V79z5mrQVvPnMIf+B9/gBbkZFB</latexit>

p0 ⇡ 0
if all users in                    honest

by assumption that decoder works

Enforced cryptographically
<latexit sha1_base64="FMmlwvaW4BwaGsW7q6RbOgModc0=">AAAB9XicbVDLTsMwENzwLOVV4MjFokLiVCWI17GCC8ci0YfUhshxndaqExvbAaqo/8GFAwhx5V+48Te4bQ7QMtJKo5ld7e6EkjNtXPfbWVhcWl5ZLawV1zc2t7ZLO7sNLVJFaJ0ILlQrxJpyltC6YYbTllQUxyGnzXBwNfabD1RpJpJbM5TUj3EvYREj2FjpTgb3HSylEk9IBioold2KOwGaJ15OypCjFpS+Ol1B0pgmhnCsddtzpfEzrAwjnI6KnVRTickA92jb0gTHVPvZ5OoROrRKF0VC2UoMmqi/JzIcaz2MQ9sZY9PXs95Y/M9rpya68DOWyNTQhEwXRSlHRqBxBKjLFCWGDy3BRDF7KyJ9rDAxNqiiDcGbfXmeNI4r3lnl9OakXL3M4yjAPhzAEXhwDlW4hhrUgYCCZ3iFN+fReXHenY9p64KTz+zBHzifP7Ihkqc=</latexit>pq ⇡ pr

<latexit sha1_base64="Nce9aPh1c32Al/B3H06LBVFeS4U=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoMgKGFXfB2DXjxGMA/YLGF2MpsMmZ1ZZ2aFsOQjvHhQxKvf482/cZLsQRMLGoqqbrq7woQzbVz32yksLa+srhXXSxubW9s75d29ppapIrRBJJeqHWJNORO0YZjhtJ0oiuOQ01Y4vJ34rSeqNJPiwYwSGsS4L1jECDZWavnqxDt9DLrlilt1p0CLxMtJBXLUu+WvTk+SNKbCEI619j03MUGGlWGE03Gpk2qaYDLEfepbKnBMdZBNzx2jI6v0UCSVLWHQVP09keFY61Ec2s4Ym4Ge9ybif56fmug6yJhIUkMFmS2KUo6MRJPfUY8pSgwfWYKJYvZWRAZYYWJsQiUbgjf/8iJpnlW9y+rF/XmldpPHUYQDOIRj8OAKanAHdWgAgSE8wyu8OYnz4rw7H7PWgpPP7MMfOJ8/VLuO7Q==</latexit>

[r + 1, q]

Family of ciphertext distributions 

Distribution of honest ciphertexts
<latexit sha1_base64="hlCveMn/fzi9qdpavsQM1pZZ6Qo=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBU9kVq16EohePFewHtEvJptk2NMmuSVYoS/+CFw+KePUPefPfmG33oK0PBh7vzTAzL4g508Z1v53Cyura+kZxs7S1vbO7V94/aOkoUYQ2ScQj1QmwppxJ2jTMcNqJFcUi4LQdjG8zv/1ElWaRfDCTmPoCDyULGcEmk+L+43W/XHGr7gxomXg5qUCORr/81RtEJBFUGsKx1l3PjY2fYmUY4XRa6iWaxpiM8ZB2LZVYUO2ns1un6MQqAxRGypY0aKb+nkix0HoiAtspsBnpRS8T//O6iQmv/JTJODFUkvmiMOHIRCh7HA2YosTwiSWYKGZvRWSEFSbGxlOyIXiLLy+T1lnVu6jW7s8r9Zs8jiIcwTGcggeXUIc7aEATCIzgGV7hzRHOi/PufMxbC04+cwh/4Hz+AOZcjik=</latexit>pq = Success probability on 

<latexit sha1_base64="uywiI4cJhSMhd22Qi8dwJ7hS6to=">AAACCXicbVDLSsNAFJ34rPUVdelmsAgupCTia1Mo2oUrqWAfkIQwmU7boZNJOjMRSsjWjb/ixoUibv0Dd/6Nk7YLbT1w4XDOvdx7TxAzKpVlfRsLi0vLK6uFteL6xubWtrmz25RRIjBp4IhFoh0gSRjlpKGoYqQdC4LCgJFWMLjO/dYDEZJG/F6NYuKFqMdpl2KktOSb0A2R6mPE0lpWcdOaP3QzPx26lDvW8a2XVXyzZJWtMeA8saekBKao++aX24lwEhKuMENSOrYVKy9FQlHMSFZ0E0lihAeoRxxNOQqJ9NLxJxk81EoHdiOhiys4Vn9PpCiUchQGujO/W856ufif5ySqe+mllMeJIhxPFnUTBlUE81hghwqCFRtpgrCg+laI+0ggrHR4RR2CPfvyPGmelO3z8tndaal6NY2jAPbBATgCNrgAVXAD6qABMHgEz+AVvBlPxovxbnxMWheM6cwe+APj8wcvVZoC</latexit>

D = {Dq}q2[0,N ] =
<latexit sha1_base64="mBAqtAHnH56vqSnikce8KuqiLmc=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoPgKeyKr4sQ1IMniWAekCxhdjKbDJmZXWZmhbDkF7x4UMSrP+TNv3E22YMmFjQUVd10dwUxZ9q47rdTWFpeWV0rrpc2Nre2d8q7e00dJYrQBol4pNoB1pQzSRuGGU7bsaJYBJy2gtFN5reeqNIsko9mHFNf4IFkISPYZNJt7/6qV664VXcKtEi8nFQgR71X/ur2I5IIKg3hWOuO58bGT7EyjHA6KXUTTWNMRnhAO5ZKLKj20+mtE3RklT4KI2VLGjRVf0+kWGg9FoHtFNgM9byXif95ncSEl37KZJwYKslsUZhwZCKUPY76TFFi+NgSTBSztyIyxAoTY+Mp2RC8+ZcXSfOk6p1Xzx5OK7XrPI4iHMAhHIMHF1CDO6hDAwgM4Rle4c0Rzovz7nzMWgtOPrMPf+B8/gBt+Y3a</latexit>

DN =
<latexit sha1_base64="tPu5Y2fK8MJDKoyqsy4vrqQ6evE=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2NQDx4jmgckS5idTJIhs7PrTK8QlnyCFw+KePWLvPk3TpI9aGJBQ1HVTXdXEEth0HW/ndzS8srqWn69sLG5tb1T3N2rmyjRjNdYJCPdDKjhUiheQ4GSN2PNaRhI3giG1xO/8cS1EZF6wFHM/ZD2legJRtFK9zedx06x5JbdKcgi8TJSggzVTvGr3Y1YEnKFTFJjWp4bo59SjYJJPi60E8Njyoa0z1uWKhpy46fTU8fkyCpd0ou0LYVkqv6eSGlozCgMbGdIcWDmvYn4n9dKsHfpp0LFCXLFZot6iSQYkcnfpCs0ZyhHllCmhb2VsAHVlKFNp2BD8OZfXiT1k7J3Xj67Oy1VrrI48nAAh3AMHlxABW6hCjVg0IdneIU3RzovzrvzMWvNOdnMPvyB8/kDILiNtg==</latexit>

Dq



How Classical Traitor Tracing Works

<latexit sha1_base64="GQuMYZhMmwPAndQ0tTFN44pZFYg=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQx68ZiAeUCyhNlJbzJmdnaZmRXCki/w4kERr36SN//GSbIHTSxoKKq66e4KEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivV3V6p7FbcGcgy8XJShhy1Xumr249ZGqE0TFCtO56bGD+jynAmcFLsphoTykZ0gB1LJY1Q+9ns0Ak5tUqfhLGyJQ2Zqb8nMhppPY4C2xlRM9SL3lT8z+ukJrzxMy6T1KBk80VhKoiJyfRr0ucKmRFjSyhT3N5K2JAqyozNpmhD8BZfXibN84p3VbmsX5Srt3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDfFmMvg==</latexit>

0
<latexit sha1_base64="htDuQjORXNou1hfoTFX09yID8ig=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaJryPRi0dI5JHAhswOvTAyO7uZmTUhhC/w4kFjvPpJ3vwbB9iDgpV0UqnqTndXkAiujet+O7m19Y3Nrfx2YWd3b/+geHjU1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hobua3nlBpHssHM07Qj+hA8pAzaqxUr/SKJbfszkFWiZeREmSo9Ypf3X7M0gilYYJq3fHcxPgTqgxnAqeFbqoxoWxEB9ixVNIItT+ZHzolZ1bpkzBWtqQhc/X3xIRGWo+jwHZG1Az1sjcT//M6qQlv/AmXSWpQssWiMBXExGT2NelzhcyIsSWUKW5vJWxIFWXGZlOwIXjLL6+SZqXsXZUv6xel6m0WRx5O4BTOwYNrqMI91KABDBCe4RXenEfnxXl3PhatOSebOYY/cD5/AH9hjMA=</latexit>

2
<latexit sha1_base64="weoL8WmA1iDu0bFMSrtSLdtU9Sg=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHZ9H4lePEIijwQ2ZHZoYGR2djMza0I2fIEXDxrj1U/y5t84wB4UrKSTSlV3uruCWHBtXPfbya2srq1v5DcLW9s7u3vF/YOGjhLFsM4iEalWQDUKLrFuuBHYihXSMBDYDEZ3U7/5hErzSD6YcYx+SAeS9zmjxkq1826x5JbdGcgy8TJSggzVbvGr04tYEqI0TFCt254bGz+lynAmcFLoJBpjykZ0gG1LJQ1R++ns0Ak5sUqP9CNlSxoyU39PpDTUehwGtjOkZqgXvan4n9dOTP/GT7mME4OSzRf1E0FMRKZfkx5XyIwYW0KZ4vZWwoZUUWZsNgUbgrf48jJpnJW9q/Jl7aJUuc3iyMMRHMMpeHANFbiHKtSBAcIzvMKb8+i8OO/Ox7w152Qzh/AHzucPgOWMwQ==</latexit>

3
<latexit sha1_base64="VFuKpcP2szKC8d4watpjz6oE7OE=">AAAB5HicbVBNS8NAEJ3Urxq/qlcvi0XwVBLx61j04rGC/YA2lM120q7dbMLuRiihv8CLB8Wrv8mb/8Ztm4O2Phh4vDfDzLwwFVwbz/t2SmvrG5tb5W13Z3dv/6DiHrZ0kimGTZaIRHVCqlFwiU3DjcBOqpDGocB2OL6b+e1nVJon8tFMUgxiOpQ84owaKz1c9CtVr+bNQVaJX5AqFGj0K1+9QcKyGKVhgmrd9b3UBDlVhjOBU7eXaUwpG9Mhdi2VNEYd5PNDp+TUKgMSJcqWNGSu/p7Iaaz1JA5tZ0zNSC97M/E/r5uZ6CbIuUwzg5ItFkWZICYhs6/JgCtkRkwsoUxxeythI6ooMzYb14bgL7+8SlrnNf+qdlmt3xZhlOEYTuAMfLiGOtxDA5rAAOEF3uDdeXJenY9FY8kpJo7gD5zPHxfri5g=</latexit>

4
<latexit sha1_base64="KMJ6kVEvOunAZ4fdE5RhwdRbsKg=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaNqEeiF4+QyCOBDZkdemFkdnYzM2tCCF/gxYPGePWTvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR3cxvPaHSPJYPZpygH9GB5CFn1FipXukVS27ZnYOsEi8jJchQ6xW/uv2YpRFKwwTVuuO5ifEnVBnOBE4L3VRjQtmIDrBjqaQRan8yP3RKzqzSJ2GsbElD5urviQmNtB5Hge2MqBnqZW8m/ud1UhPe+BMuk9SgZItFYSqIicnsa9LnCpkRY0soU9zeStiQKsqMzaZgQ/CWX14lzYuyd1Wu1C9L1dssjjycwCmcgwfXUIV7qEEDGCA8wyu8OY/Oi/PufCxac042cwx/4Hz+AIPtjMM=</latexit>

5

<latexit sha1_base64="PXh/MHDK/NIetPOTei1DGS5sk54=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQi8eI5gHJEmYnvcmQ2dl1ZlYISz7BiwdFvPpF3vwbJ8keNFrQUFR1090VJIJr47pfTmFpeWV1rbhe2tjc2t4p7+41dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6nvqtR1Sax/LejBP0IzqQPOSMGivdJb2HXrniVt0ZyF/i5aQCOeq98me3H7M0QmmYoFp3PDcxfkaV4UzgpNRNNSaUjegAO5ZKGqH2s9mpE3JklT4JY2VLGjJTf05kNNJ6HAW2M6JmqBe9qfif10lNeOlnXCapQcnmi8JUEBOT6d+kzxUyI8aWUKa4vZWwIVWUGZtOyYbgLb78lzRPqt559ez2tFK7yuMowgEcwjF4cAE1uIE6NIDBAJ7gBV4d4Tw7b877vLXg5DP78AvOxzdjwI3i</latexit>pq

<latexit sha1_base64="xTnVU9LIIvMUIutHcVm1RgxoeJo=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQx68ZiAeUCyhNlJbzJmdnaZmRXCki/w4kERr36SN//GSbIHTSxoKKq66e4KEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVvV6p7FbcGcgy8XJShhy1Xumr249ZGqE0TFCtO56bGD+jynAmcFLsphoTykZ0gB1LJY1Q+9ns0Ak5tUqfhLGyJQ2Zqb8nMhppPY4C2xlRM9SL3lT8z+ukJrzxMy6T1KBk80VhKoiJyfRr0ucKmRFjSyhT3N5K2JAqyozNpmhD8BZfXibN84p3VbmsX5Srt3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDfd2Mvw==</latexit>

1



How Classical Traitor Tracing Works

<latexit sha1_base64="tPu5Y2fK8MJDKoyqsy4vrqQ6evE=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2NQDx4jmgckS5idTJIhs7PrTK8QlnyCFw+KePWLvPk3TpI9aGJBQ1HVTXdXEEth0HW/ndzS8srqWn69sLG5tb1T3N2rmyjRjNdYJCPdDKjhUiheQ4GSN2PNaRhI3giG1xO/8cS1EZF6wFHM/ZD2legJRtFK9zedx06x5JbdKcgi8TJSggzVTvGr3Y1YEnKFTFJjWp4bo59SjYJJPi60E8Njyoa0z1uWKhpy46fTU8fkyCpd0ou0LYVkqv6eSGlozCgMbGdIcWDmvYn4n9dKsHfpp0LFCXLFZot6iSQYkcnfpCs0ZyhHllCmhb2VsAHVlKFNp2BD8OZfXiT1k7J3Xj67Oy1VrrI48nAAh3AMHlxABW6hCjVg0IdneIU3RzovzrvzMWvNOdnMPvyB8/kDILiNtg==</latexit>

Dq

<latexit sha1_base64="xydzg0E0FI79DvnyCIOroJ+edDw=">AAAB/3icbVDLSsNAFJ34rPUVFdy4GSyCq5KIr2XRjcsK9gFNCJPJpB06mUxnJmKJXfgrblwo4tbfcOffOG2z0NYDFw7n3Mu994SCUaUd59taWFxaXlktrZXXNza3tu2d3aZKM4lJA6csle0QKcIoJw1NNSNtIQlKQkZaYf967LfuiVQ05Xd6KIifoC6nMcVIGymw9z1NWURyMQoGHhJCpg9QBIPArjhVZwI4T9yCVECBemB/eVGKs4RwjRlSquM6Qvs5kppiRkZlL1NEINxHXdIxlKOEKD+f3D+CR0aJYJxKU1zDifp7IkeJUsMkNJ0J0j01643F/7xOpuNLP6dcZJpwPF0UZwzqFI7DgBGVBGs2NARhSc2tEPeQRFibyMomBHf25XnSPKm659Wz29NK7aqIowQOwCE4Bi64ADVwA+qgATB4BM/gFbxZT9aL9W59TFsXrGJmD/yB9fkDs0WWjQ==</latexit>

p̃q ⇡ pq Location of “jumps”

Linear scan
<latexit sha1_base64="JJX07OE6OrNpdwblTecxeoW+3co=">AAAB9HicbVDJSgNBEK2JW4xb1KOXxiB4CjPihiAEvXiSCGaBZAg9nZ6kSU/32N0TGIZ8hxcPinj1Y7z5N3aWgyY+KHi8V0VVvSDmTBvX/XZyS8srq2v59cLG5tb2TnF3r65logitEcmlagZYU84ErRlmOG3GiuIo4LQRDG7HfmNIlWZSPJo0pn6Ee4KFjGBjJf/+OmvrEMWSp6OrTrHklt0J0CLxZqQEM1Q7xa92V5IkosIQjrVueW5s/Awrwwino0I70TTGZIB7tGWpwBHVfjY5eoSOrNJFoVS2hEET9fdEhiOt0yiwnRE2fT3vjcX/vFZiwks/YyJODBVkuihMODISjRNAXaYoMTy1BBPF7K2I9LHCxNicCjYEb/7lRVI/KXvn5bOH01LlZhZHHg7gEI7BgwuowB1UoQYEnuAZXuHNGTovzrvzMW3NObOZffgD5/MHX76R3A==</latexit>

N = poly :
<latexit sha1_base64="YvfvB7SE7JooGof2O6oQFDUD/JY=">AAAB+3icbVDLSgMxFM3UV62vsS7dBIvgqsyILwSh6MaVVLAPaEvJpJk2NJOEJCMOw/yKGxeKuPVH3Pk3pu0stPXAhcM593LvPYFkVBvP+3YKS8srq2vF9dLG5tb2jrtbbmoRK0waWDCh2gHShFFOGoYaRtpSERQFjLSC8c3Ebz0SpangDyaRpBehIachxchYqe+W767Srg6hjiVRUrAku+y7Fa/qTQEXiZ+TCshR77tf3YHAcUS4wQxp3fE9aXopUoZiRrJSN9ZEIjxGQ9KxlKOI6F46vT2Dh1YZwFAoW9zAqfp7IkWR1kkU2M4ImZGe9ybif14nNuFFL6VcxoZwPFsUxgwaASdBwAFVBBuWWIKwovZWiEdIIWxsXCUbgj//8iJpHlf9s+rp/Umldp3HUQT74AAcAR+cgxq4BXXQABg8gWfwCt6czHlx3p2PWWvByWf2wB84nz/9mZRu</latexit>

N = superpoly : Variant of binary search
[Boyle-Chung-Pass’14, Nishimaki-Wichs-Z’16]



Why super-poly domains?

1) Can embed arbitrary info into key [Nishimaki-Wichs-Z’16]

2) Needed for other tracing structures (e.g. fingerprinting codes)

3) iO ⟹ diO for poly-many differing inputs [Boyle-Chung-Pass’14]
(algorithm inspiration for [Nishimaki-Wichs-Z’16])



<latexit sha1_base64="sWVuyFwLfSLFp1xvLjwoOj2Yl+4=">AAAB9HicbVDLSgMxFL3js9ZX1aWbYBFclRnxtSy6cVnBPqAdSia904ZmMmOSKZSh3+HGhSJu/Rh3/o3ptAttPRA4nHMv9+QEieDauO63s7K6tr6xWdgqbu/s7u2XDg4bOk4VwzqLRaxaAdUouMS64UZgK1FIo0BgMxjeTf3mCJXmsXw04wT9iPYlDzmjxkp+J6JmoMNMDyddr1squxU3B1km3pyUYY5at/TV6cUsjVAaJqjWbc9NjJ9RZTgTOCl2Uo0JZUPax7alkkao/SwPPSGnVumRMFb2SUNy9fdGRiOtx1FgJ/OQi95U/M9rpya88TMuk9SgZLNDYSqIicm0AdLjCpkRY0soU9xmJWxAFWXG9lS0JXiLX14mjfOKd1W5fLgoV2/ndRTgGE7gDDy4hircQw3qwOAJnuEV3pyR8+K8Ox+z0RVnvnMEf+B8/gAMapJL</latexit>

sk1
<latexit sha1_base64="aZQouxkccWeMh98ObCwxa+4es4Y=">AAAB9XicbVDLSsNAFL2pr1pfUZduBovgqiTF17LoxmUF+4A2lsl00g6dTMLMRCmh/+HGhSJu/Rd3/o2TNAttPTBwOOde7pnjx5wp7TjfVmlldW19o7xZ2dre2d2z9w/aKkokoS0S8Uh2fawoZ4K2NNOcdmNJcehz2vEnN5nfeaRSsUjc62lMvRCPBAsYwdpID/0Q67EKUjWZDeqVgV11ak4OtEzcglShQHNgf/WHEUlCKjThWKme68TaS7HUjHA6q/QTRWNMJnhEe4YKHFLlpXnqGToxyhAFkTRPaJSrvzdSHCo1DX0zmadc9DLxP6+X6ODKS5mIE00FmR8KEo50hLIK0JBJSjSfGoKJZCYrImMsMdGmqKwEd/HLy6Rdr7kXtfO7s2rjuqijDEdwDKfgwiU04Baa0AICEp7hFd6sJ+vFerc+5qMlq9g5hD+wPn8AR1iSYA==</latexit>

sk2
<latexit sha1_base64="3v7B/7WFaClS9crxXrZ1LDB2AaI=">AAAB9XicbVC7TsMwFL0pr1JeBUYWiwqJqUp4jxUsjEWiD6kNleM6rVXHiWwHVEX5DxYGEGLlX9j4G5w0A7QcydLROffqHh8v4kxp2/62SkvLK6tr5fXKxubW9k51d6+twlgS2iIhD2XXw4pyJmhLM81pN5IUBx6nHW9yk/mdRyoVC8W9nkbUDfBIMJ8RrI300A+wHis/UZN0cFoZVGt23c6BFolTkBoUaA6qX/1hSOKACk04Vqrn2JF2Eyw1I5ymlX6saITJBI9oz1CBA6rcJE+doiOjDJEfSvOERrn6eyPBgVLTwDOTecp5LxP/83qx9q/chIko1lSQ2SE/5kiHKKsADZmkRPOpIZhIZrIiMsYSE22Kykpw5r+8SNondeeifn53VmtcF3WU4QAO4RgcuIQG3EITWkBAwjO8wpv1ZL1Y79bHbLRkFTv78AfW5w9I3ZJh</latexit>

sk3
<latexit sha1_base64="DqvDMY6S4vyrMG68V4K0d/UG1ok=">AAAB9XicbVDLSsNAFL2pr1pfUZduBovgqiRSH8uiG5cV7APaWCbTSTt0MgkzE6WE/ocbF4q49V/c+TdO0iy09cDA4Zx7uWeOH3OmtON8W6WV1bX1jfJmZWt7Z3fP3j9oqyiRhLZIxCPZ9bGinAna0kxz2o0lxaHPacef3GR+55FKxSJxr6cx9UI8EixgBGsjPfRDrMcqSNVkNqhXBnbVqTk50DJxC1KFAs2B/dUfRiQJqdCEY6V6rhNrL8VSM8LprNJPFI0xmeAR7RkqcEiVl+apZ+jEKEMURNI8oVGu/t5IcajUNPTNZJ5y0cvE/7xeooMrL2UiTjQVZH4oSDjSEcoqQEMmKdF8aggmkpmsiIyxxESborIS3MUvL5P2Wc29qJ3f1auN66KOMhzBMZyCC5fQgFtoQgsISHiGV3iznqwX6936mI+WrGLnEP7A+vwBSmKSYg==</latexit>

sk4
<latexit sha1_base64="83vugh/m0hbZUV1SrZh499CoI94=">AAAB9XicbVDLSsNAFL2pr1pfVZduBovgqiRi1WXRjcsK9gFtLJPppB06mYSZiVJC/sONC0Xc+i/u/BsnaRbaemDgcM693DPHizhT2ra/rdLK6tr6RnmzsrW9s7tX3T/oqDCWhLZJyEPZ87CinAna1kxz2oskxYHHadeb3mR+95FKxUJxr2cRdQM8FsxnBGsjPQwCrCfKT9Q0HTYqw2rNrts50DJxClKDAq1h9WswCkkcUKEJx0r1HTvSboKlZoTTtDKIFY0wmeIx7RsqcECVm+SpU3RilBHyQ2me0ChXf28kOFBqFnhmMk+56GXif14/1v6VmzARxZoKMj/kxxzpEGUVoBGTlGg+MwQTyUxWRCZYYqJNUVkJzuKXl0nnrO5c1Bt357XmdVFHGY7gGE7BgUtowi20oA0EJDzDK7xZT9aL9W59zEdLVrFzCH9gff4AS+eSYw==</latexit>

sk5

Quantum Traitor Tracing

<latexit sha1_base64="edMTm442xJ8F795iIYC7Tp+D7KY=">AAAB6XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQi8co5gHJEmYnvcmQ2dllZlYIS/7AiwdFvPpH3vwbZ5McNLGgoajqprsrSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0m/utJ1Sax/LRjBP0IzqQPOSMGis9sFKvXHGr7hRkmXhzUoE56r3yV7cfszRCaZigWnc8NzF+RpXhTOCk1E01JpSN6AA7lkoaofaz6aUTcmKVPgljZUsaMlV/T2Q00nocBbYzomaoF71c/M/rpCa89jMuk9SgZLNFYSqIiUn+NulzhcyIsSWUKW5vJWxIFWXGhpOH4C2+vEyaZ1Xvsnpxf16p3czjKMIRHMMpeHAFNbiDOjSAQQjP8Apvzsh5cd6dj1lrwZnPHMIfOJ8//hSNBQ==</latexit>c <latexit sha1_base64="QisAg1h91JjvAqtydkKVAvrIKYk=">AAAB6nicbVDLSsNAFL2prxpfVZduBovgqiTia1l047KifUAbymQ6aYfOTMLMRCihn+DGhSJu/SJ3/o2TNgttPXDhcM693HtPmHCmjed9O6WV1bX1jfKmu7W9s7tX2T9o6ThVhDZJzGPVCbGmnEnaNMxw2kkUxSLktB2Ob3O//USVZrF8NJOEBgIPJYsYwcZKD8J1+5WqV/NmQMvEL0gVCjT6la/eICapoNIQjrXu+l5iggwrwwinU7eXappgMsZD2rVUYkF1kM1OnaITqwxQFCtb0qCZ+nsiw0LriQhtp8BmpBe9XPzP66Ymug4yJpPUUEnmi6KUIxOj/G80YIoSwyeWYKKYvRWREVaYGJtOHoK/+PIyaZ3V/Mvaxf15tX5TxFGGIziGU/DhCupwBw1oAoEhPMMrvDnceXHenY95a8kpZg7hD5zPH0HajSM=</latexit>m
<latexit sha1_base64="C2ya4uXMtT/2i6oPNFNJYlGbvVo=">AAAB+3icbVDLSsNAFJ3UV62vWJduBovgQkqiVl0W3bisaB/QhDKZ3rZDJw9nJmIJ+RU3LhRx64+482+ctFlo64ELh3Pu5d57vIgzqSzr2ygsLa+srhXXSxubW9s75m65JcNYUGjSkIei4xEJnAXQVExx6EQCiO9xaHvj68xvP4KQLAzu1SQC1yfDgA0YJUpLPbN858jYk6DgwUlOj2tOWuqZFatqTYEXiZ2TCsrR6JlfTj+ksQ+BopxI2bWtSLkJEYpRDmnJiSVEhI7JELqaBsQH6SbT21N8qJU+HoRCV6DwVP09kRBfyonv6U6fqJGc9zLxP68bq8Glm7AgihUEdLZoEHOsQpwFgftMAFV8ogmhgulbMR0RQajScWUh2PMvL5LWSdU+r9Zuzyr1qzyOItpHB+gI2egC1dENaqAmougJPaNX9GakxovxbnzMWgtGPrOH/sD4/AETZ5PS</latexit>

S ✓ {3, 5}

[Z’20]

Program contains quantum state

<latexit sha1_base64="+aPt6KWMSP6e4Hq2Oxz6KrDq5Es=">AAAB8HicbVDLTgJBEOzFF+IL9ehlIjHxRHaNryPRi0eM8jCwIbPDLEyYmV1nZk3Iwld48aAxXv0cb/6NA+xBwUo6qVR1p7sriDnTxnW/ndzS8srqWn69sLG5tb1T3N2r6yhRhNZIxCPVDLCmnElaM8xw2owVxSLgtBEMrid+44kqzSJ5b4Yx9QXuSRYygo2VHkZ3o3aPPiKvUyy5ZXcKtEi8jJQgQ7VT/Gp3I5IIKg3hWOuW58bGT7EyjHA6LrQTTWNMBrhHW5ZKLKj20+nBY3RklS4KI2VLGjRVf0+kWGg9FIHtFNj09bw3Ef/zWokJL/2UyTgxVJLZojDhyERo8j3qMkWJ4UNLMFHM3opIHytMjM2oYEPw5l9eJPWTsndePrs9LVWusjjycACHcAweXEAFbqAKNSAg4Ble4c1Rzovz7nzMWnNONrMPf+B8/gBGRZAT</latexit>

|S| � 1



changes during tracing  
<latexit sha1_base64="PXh/MHDK/NIetPOTei1DGS5sk54=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQi8eI5gHJEmYnvcmQ2dl1ZlYISz7BiwdFvPpF3vwbJ8keNFrQUFR1090VJIJr47pfTmFpeWV1rbhe2tjc2t4p7+41dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6nvqtR1Sax/LejBP0IzqQPOSMGivdJb2HXrniVt0ZyF/i5aQCOeq98me3H7M0QmmYoFp3PDcxfkaV4UzgpNRNNSaUjegAO5ZKGqH2s9mpE3JklT4JY2VLGjJTf05kNNJ6HAW2M6JmqBe9qfif10lNeOlnXCapQcnmi8JUEBOT6d+kzxUyI8aWUKa4vZWwIVWUGZtOyYbgLb78lzRPqt559ez2tFK7yuMowgEcwjF4cAE1uIE6NIDBAJ7gBV4d4Tw7b877vLXg5DP78AvOxzdjwI3i</latexit>pq

Problem: quantum states disturbed by observations

Other issues as well: definitions + how to estimate      . Already handled by [Z’20] 
<latexit sha1_base64="PXh/MHDK/NIetPOTei1DGS5sk54=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQi8eI5gHJEmYnvcmQ2dl1ZlYISz7BiwdFvPpF3vwbJ8keNFrQUFR1090VJIJr47pfTmFpeWV1rbhe2tjc2t4p7+41dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6nvqtR1Sax/LejBP0IzqQPOSMGivdJb2HXrniVt0ZyF/i5aQCOeq98me3H7M0QmmYoFp3PDcxfkaV4UzgpNRNNSaUjegAO5ZKGqH2s9mpE3JklT4JY2VLGjJTf05kNNJ6HAW2M6JmqBe9qfif10lNeOlnXCapQcnmi8JUEBOT6d+kzxUyI8aWUKa4vZWwIVWUGZtOyYbgLb78lzRPqt559ez2tFK7yuMowgEcwjF4cAE1uIE6NIDBAJ7gBV4d4Tw7b877vLXg5DP78AvOxzdjwI3i</latexit>pq



How [Z’20] Works

Family of ciphertext distributions 

Distribution of honest ciphertexts

<latexit sha1_base64="uywiI4cJhSMhd22Qi8dwJ7hS6to=">AAACCXicbVDLSsNAFJ34rPUVdelmsAgupCTia1Mo2oUrqWAfkIQwmU7boZNJOjMRSsjWjb/ixoUibv0Dd/6Nk7YLbT1w4XDOvdx7TxAzKpVlfRsLi0vLK6uFteL6xubWtrmz25RRIjBp4IhFoh0gSRjlpKGoYqQdC4LCgJFWMLjO/dYDEZJG/F6NYuKFqMdpl2KktOSb0A2R6mPE0lpWcdOaP3QzPx26lDvW8a2XVXyzZJWtMeA8saekBKao++aX24lwEhKuMENSOrYVKy9FQlHMSFZ0E0lihAeoRxxNOQqJ9NLxJxk81EoHdiOhiys4Vn9PpCiUchQGujO/W856ufif5ySqe+mllMeJIhxPFnUTBlUE81hghwqCFRtpgrCg+laI+0ggrHR4RR2CPfvyPGmelO3z8tndaal6NY2jAPbBATgCNrgAVXAD6qABMHgEz+AVvBlPxovxbnxMWheM6cwe+APj8wcvVZoC</latexit>

D = {Dq}q2[0,N ] =
<latexit sha1_base64="mBAqtAHnH56vqSnikce8KuqiLmc=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoPgKeyKr4sQ1IMniWAekCxhdjKbDJmZXWZmhbDkF7x4UMSrP+TNv3E22YMmFjQUVd10dwUxZ9q47rdTWFpeWV0rrpc2Nre2d8q7e00dJYrQBol4pNoB1pQzSRuGGU7bsaJYBJy2gtFN5reeqNIsko9mHFNf4IFkISPYZNJt7/6qV664VXcKtEi8nFQgR71X/ur2I5IIKg3hWOuO58bGT7EyjHA6KXUTTWNMRnhAO5ZKLKj20+mtE3RklT4KI2VLGjRVf0+kWGg9FoHtFNgM9byXif95ncSEl37KZJwYKslsUZhwZCKUPY76TFFi+NgSTBSztyIyxAoTY+Mp2RC8+ZcXSfOk6p1Xzx5OK7XrPI4iHMAhHIMHF1CDO6hDAwgM4Rle4c0Rzovz7nzMWgtOPrMPf+B8/gBt+Y3a</latexit>

DN =



How [Z’20] Works

<latexit sha1_base64="2tppKrIJfbOYq5gEjcQfyAged44=">AAAB/HicbVDLSsNAFJ34rPUV7dLNYBFclJIUXxuh6MZlBfuANoTJZNoOncykMxMhhPorblwo4tYPceffOG2z0NYDFw7n3Mu99wQxo0o7zre1srq2vrFZ2Cpu7+zu7dsHhy0lEolJEwsmZCdAijDKSVNTzUgnlgRFASPtYHQ79duPRCoq+INOY+JFaMBpn2KkjeTbpbHvVMa+a6pW6eFQaHXt22Wn6swAl4mbkzLI0fDtr14ocBIRrjFDSnVdJ9ZehqSmmJFJsZcoEiM8QgPSNZSjiCgvmx0/gSdGCWFfSFNcw5n6eyJDkVJpFJjOCOmhWvSm4n9eN9H9Ky+jPE404Xi+qJ8wqAWcJgFDKgnWLDUEYUnNrRAPkURYm7yKJgR38eVl0qpV3Yvq+f1ZuX6Tx1EAR+AYnAIXXII6uAMN0AQYpOAZvII368l6sd6tj3nripXPlMAfWJ8/8AaTsA==</latexit>q0, q1, q2, · · · = Tracer query sequence
<latexit sha1_base64="j8v4PWSFmYcJU/Jvd8pBsOJtvGg=">AAACCHicbVDLSsNAFL2pr1pfUZcuHCyCi1KS4msjFN24rGBboQ1hMp22QycPZyZCCVm68VfcuFDErZ/gzr9xmmahrReGezjnHu7c40WcSWVZ30ZhYXFpeaW4Wlpb39jcMrd3WjKMBaFNEvJQ3HlYUs4C2lRMcXoXCYp9j9O2N7qa6O0HKiQLg1s1jqjj40HA+oxgpSnX3I/c5N610krW7bzX0kq3FyqJLlyzbFWtrNA8sHNQhrwarvmlnST2aaAIx1J2bCtSToKFYoTTtNSNJY0wGeEB7WgYYJ9KJ8kOSdGhZnqoHwr9AoUy9rcjwb6UY9/Tkz5WQzmrTcj/tE6s+udOwoIoVjQg00X9mCMVokkqqMcEJYqPNcBEMP1XRIZYYKJ0diUdgj178jxo1ar2afXk5rhcv8zjKMIeHMAR2HAGdbiGBjSBwCM8wyu8GU/Gi/FufExHC0bu2YU/ZXz+ANfDmTo=</latexit>pq0 , pq1 , pq2 , · · · = Observed success probabilities

Family of ciphertext distributions 

Distribution of honest ciphertexts

<latexit sha1_base64="uywiI4cJhSMhd22Qi8dwJ7hS6to=">AAACCXicbVDLSsNAFJ34rPUVdelmsAgupCTia1Mo2oUrqWAfkIQwmU7boZNJOjMRSsjWjb/ixoUibv0Dd/6Nk7YLbT1w4XDOvdx7TxAzKpVlfRsLi0vLK6uFteL6xubWtrmz25RRIjBp4IhFoh0gSRjlpKGoYqQdC4LCgJFWMLjO/dYDEZJG/F6NYuKFqMdpl2KktOSb0A2R6mPE0lpWcdOaP3QzPx26lDvW8a2XVXyzZJWtMeA8saekBKao++aX24lwEhKuMENSOrYVKy9FQlHMSFZ0E0lihAeoRxxNOQqJ9NLxJxk81EoHdiOhiys4Vn9PpCiUchQGujO/W856ufif5ySqe+mllMeJIhxPFnUTBlUE81hghwqCFRtpgrCg+laI+0ggrHR4RR2CPfvyPGmelO3z8tndaal6NY2jAPbBATgCNrgAVXAD6qABMHgEz+AVvBlPxovxbnxMWheM6cwe+APj8wcvVZoC</latexit>

D = {Dq}q2[0,N ] =
<latexit sha1_base64="mBAqtAHnH56vqSnikce8KuqiLmc=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoPgKeyKr4sQ1IMniWAekCxhdjKbDJmZXWZmhbDkF7x4UMSrP+TNv3E22YMmFjQUVd10dwUxZ9q47rdTWFpeWV0rrpc2Nre2d8q7e00dJYrQBol4pNoB1pQzSRuGGU7bsaJYBJy2gtFN5reeqNIsko9mHFNf4IFkISPYZNJt7/6qV664VXcKtEi8nFQgR71X/ur2I5IIKg3hWOuO58bGT7EyjHA6KXUTTWNMRnhAO5ZKLKj20+mtE3RklT4KI2VLGjRVf0+kWGg9FoHtFNgM9byXif95ncSEl37KZJwYKslsUZhwZCKUPY76TFFi+NgSTBSztyIyxAoTY+Mp2RC8+ZcXSfOk6p1Xzx5OK7XrPI4iHMAhHIMHF1CDO6hDAwgM4Rle4c0Rzovz7nzMWgtOPrMPf+B8/gBt+Y3a</latexit>

DN =



How [Z’20] Works

Guarantees:
•                    
•  
•  

<latexit sha1_base64="ZjxGp3g35zxu7jbUMN75TrkHKB0=">AAAB83icbVDLSgMxFL1TX7W+qi7dBIvgqsyIr2XRjcsK9gGdoWTSTBuaSUKSEcvQ33DjQhG3/ow7/8b0sdDWAxcO59zLvffEijNjff/bK6ysrq1vFDdLW9s7u3vl/YOmkZkmtEEkl7odY0M5E7RhmeW0rTTFacxpKx7eTvzWI9WGSfFgR4pGKe4LljCCrZNC1fVDrJSWT8jvlit+1Z8CLZNgTiowR71b/gp7kmQpFZZwbEwn8JWNcqwtI5yOS2FmqMJkiPu046jAKTVRPr15jE6c0kOJ1K6ERVP190SOU2NGaew6U2wHZtGbiP95ncwm11HOhMosFWS2KMk4shJNAkA9pimxfOQIJpq5WxEZYI2JdTGVXAjB4svLpHlWDS6rF/fnldrNPI4iHMExnEIAV1CDO6hDAwgoeIZXePMy78V79z5mrQVvPnMIf+B9/gBbkZFB</latexit>

p0 ⇡ 0
if 

<latexit sha1_base64="rbQ+alweg57l4v7qs78N46dBSRA=">AAAB8nicbVDLSsNAFL2pr1pfVZduBovgqiTia1l047KCfUAbwmQ6SYdOZuLMRCihn+HGhSJu/Rp3/o3TNgttPXDhcM693HtPmHKmjet+O6WV1bX1jfJmZWt7Z3evun/Q1jJThLaI5FJ1Q6wpZ4K2DDOcdlNFcRJy2glHt1O/80SVZlI8mHFK/QTHgkWMYGOlXhrkj4E76cexG1Rrbt2dAS0TryA1KNAMql/9gSRZQoUhHGvd89zU+DlWhhFOJ5V+pmmKyQjHtGepwAnVfj47eYJOrDJAkVS2hEEz9fdEjhOtx0loOxNshnrRm4r/eb3MRNd+zkSaGSrIfFGUcWQkmv6PBkxRYvjYEkwUs7ciMsQKE2NTqtgQvMWXl0n7rO5d1i/uz2uNmyKOMhzBMZyCB1fQgDtoQgsISHiGV3hzjPPivDsf89aSU8wcwh84nz/9VZET</latexit>

pq0 � 0
<latexit sha1_base64="n5q5Q2gmuNQvnCcmW387Q29o6CQ=">AAAB7HicbVBNSwMxEJ2tX7V+VT16CRbBU9kVvy5C0YsnqeC2hXYp2TTbhmaTNckKZelv8OJBEa/+IG/+G9N2D9r6YODx3gwz88KEM21c99spLC2vrK4V10sbm1vbO+XdvYaWqSLUJ5JL1QqxppwJ6htmOG0liuI45LQZDm8mfvOJKs2keDCjhAYx7gsWMYKNlfzHrnt11y1X3Ko7BVokXk4qkKPeLX91epKkMRWGcKx123MTE2RYGUY4HZc6qaYJJkPcp21LBY6pDrLpsWN0ZJUeiqSyJQyaqr8nMhxrPYpD2xljM9Dz3kT8z2unJroMMiaS1FBBZouilCMj0eRz1GOKEsNHlmCimL0VkQFWmBibT8mG4M2/vEgaJ1XvvHp2f1qpXedxFOEADuEYPLiAGtxCHXwgwOAZXuHNEc6L8+58zFoLTj6zD3/gfP4AIYyOQQ==</latexit>

q0 = N
always

<latexit sha1_base64="0ASpFyi9LL0JeOEk/cGMl9f95Ps=">AAACA3icbVC7TsMwFHV4lvIKsMFiUSGxUCWI11jBwlgk+pDaKHJcp7XqxMZ2EFUUiYVfYWEAIVZ+go2/wU0zQMuRrnR8zr3yvScQjCrtON/W3PzC4tJyaaW8ura+sWlvbTcVTyQmDcwZl+0AKcJoTBqaakbaQhIUBYy0guHV2G/dE6koj2/1SBAvQv2YhhQjbSTf3hV+eufTrIuEkPwB5s+UHrlZ5tsVp+rkgLPELUgFFKj79le3x3ESkVhjhpTquI7QXoqkppiRrNxNFBEID1GfdAyNUUSUl+Y3ZPDAKD0Ycmkq1jBXf0+kKFJqFAWmM0J6oKa9sfif10l0eOGlNBaJJjGefBQmDGoOx4HAHpUEazYyBGFJza4QD5BEWJvYyiYEd/rkWdI8rrpn1dObk0rtsoijBPbAPjgELjgHNXAN6qABMHgEz+AVvFlP1ov1bn1MWuesYmYH/IH1+QObpZgl</latexit>pqi ⇡ pqi�1

<latexit sha1_base64="LPWhxJ7dbwfP1UvQowPL7Rg0Omo=">AAAB8nicbVDLSgNBEOz1GeMr6tHLYBA8aNgVX8egF48RzAM2S5idzCZDZmc2M7NCWPIZXjwo4tWv8ebfOEn2oIkFDUVVN91dYcKZNq777Swtr6yurRc2iptb2zu7pb39hpapIrROJJeqFWJNORO0bpjhtJUoiuOQ02Y4uJv4zSeqNJPi0YwSGsS4J1jECDZW8ocddjrsZOzMG3dKZbfiToEWiZeTMuSodUpf7a4kaUyFIRxr7XtuYoIMK8MIp+NiO9U0wWSAe9S3VOCY6iCbnjxGx1bpokgqW8Kgqfp7IsOx1qM4tJ0xNn09703E/zw/NdFNkDGRpIYKMlsUpRwZiSb/oy5TlBg+sgQTxeytiPSxwsTYlIo2BG/+5UXSOK94V5XLh4ty9TaPowCHcAQn4ME1VOEealAHAhKe4RXeHOO8OO/Ox6x1yclnDuAPnM8ft4SQ5g==</latexit>qi, qi�1if only honest users between

Local consistency

(no guarantees for        after first query) <latexit sha1_base64="5QcRAx1ANt9YQ67L75Qge0O6V+w=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQiyeJaB6QLGF2MpsMmZ1dZnqFsOQTvHhQxKtf5M2/cZLsQaMFDUVVN91dQSKFQdf9cgpLyyura8X10sbm1vZOeXevaeJUM95gsYx1O6CGS6F4AwVK3k40p1EgeSsYXU/91iPXRsTqAccJ9yM6UCIUjKKV7pPeba9ccavuDOQv8XJSgRz1Xvmz249ZGnGFTFJjOp6boJ9RjYJJPil1U8MTykZ0wDuWKhpx42ezUyfkyCp9EsbalkIyU39OZDQyZhwFtjOiODSL3lT8z+ukGF76mVBJilyx+aIwlQRjMv2b9IXmDOXYEsq0sLcSNqSaMrTplGwI3uLLf0nzpOqdV8/uTiu1qzyOIhzAIRyDBxdQgxuoQwMYDOAJXuDVkc6z8+a8z1sLTj6zD7/gfHwDLrSNvw==</latexit>pN

<latexit sha1_base64="2tppKrIJfbOYq5gEjcQfyAged44=">AAAB/HicbVDLSsNAFJ34rPUV7dLNYBFclJIUXxuh6MZlBfuANoTJZNoOncykMxMhhPorblwo4tYPceffOG2z0NYDFw7n3Mu99wQxo0o7zre1srq2vrFZ2Cpu7+zu7dsHhy0lEolJEwsmZCdAijDKSVNTzUgnlgRFASPtYHQ79duPRCoq+INOY+JFaMBpn2KkjeTbpbHvVMa+a6pW6eFQaHXt22Wn6swAl4mbkzLI0fDtr14ocBIRrjFDSnVdJ9ZehqSmmJFJsZcoEiM8QgPSNZSjiCgvmx0/gSdGCWFfSFNcw5n6eyJDkVJpFJjOCOmhWvSm4n9eN9H9Ky+jPE404Xi+qJ8wqAWcJgFDKgnWLDUEYUnNrRAPkURYm7yKJgR38eVl0qpV3Yvq+f1ZuX6Tx1EAR+AYnAIXXII6uAMN0AQYpOAZvII368l6sd6tj3nripXPlMAfWJ8/8AaTsA==</latexit>q0, q1, q2, · · · = Tracer query sequence
<latexit sha1_base64="j8v4PWSFmYcJU/Jvd8pBsOJtvGg=">AAACCHicbVDLSsNAFL2pr1pfUZcuHCyCi1KS4msjFN24rGBboQ1hMp22QycPZyZCCVm68VfcuFDErZ/gzr9xmmahrReGezjnHu7c40WcSWVZ30ZhYXFpeaW4Wlpb39jcMrd3WjKMBaFNEvJQ3HlYUs4C2lRMcXoXCYp9j9O2N7qa6O0HKiQLg1s1jqjj40HA+oxgpSnX3I/c5N610krW7bzX0kq3FyqJLlyzbFWtrNA8sHNQhrwarvmlnST2aaAIx1J2bCtSToKFYoTTtNSNJY0wGeEB7WgYYJ9KJ8kOSdGhZnqoHwr9AoUy9rcjwb6UY9/Tkz5WQzmrTcj/tE6s+udOwoIoVjQg00X9mCMVokkqqMcEJYqPNcBEMP1XRIZYYKJ0diUdgj178jxo1ar2afXk5rhcv8zjKMIeHMAR2HAGdbiGBjSBwCM8wyu8GU/Gi/FufExHC0bu2YU/ZXz+ANfDmTo=</latexit>pq0 , pq1 , pq2 , · · · = Observed success probabilities

Family of ciphertext distributions 

Distribution of honest ciphertexts

<latexit sha1_base64="uywiI4cJhSMhd22Qi8dwJ7hS6to=">AAACCXicbVDLSsNAFJ34rPUVdelmsAgupCTia1Mo2oUrqWAfkIQwmU7boZNJOjMRSsjWjb/ixoUibv0Dd/6Nk7YLbT1w4XDOvdx7TxAzKpVlfRsLi0vLK6uFteL6xubWtrmz25RRIjBp4IhFoh0gSRjlpKGoYqQdC4LCgJFWMLjO/dYDEZJG/F6NYuKFqMdpl2KktOSb0A2R6mPE0lpWcdOaP3QzPx26lDvW8a2XVXyzZJWtMeA8saekBKao++aX24lwEhKuMENSOrYVKy9FQlHMSFZ0E0lihAeoRxxNOQqJ9NLxJxk81EoHdiOhiys4Vn9PpCiUchQGujO/W856ufif5ySqe+mllMeJIhxPFnUTBlUE81hghwqCFRtpgrCg+laI+0ggrHR4RR2CPfvyPGmelO3z8tndaal6NY2jAPbBATgCNrgAVXAD6qABMHgEz+AVvBlPxovxbnxMWheM6cwe+APj8wcvVZoC</latexit>

D = {Dq}q2[0,N ] =
<latexit sha1_base64="mBAqtAHnH56vqSnikce8KuqiLmc=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoPgKeyKr4sQ1IMniWAekCxhdjKbDJmZXWZmhbDkF7x4UMSrP+TNv3E22YMmFjQUVd10dwUxZ9q47rdTWFpeWV0rrpc2Nre2d8q7e00dJYrQBol4pNoB1pQzSRuGGU7bsaJYBJy2gtFN5reeqNIsko9mHFNf4IFkISPYZNJt7/6qV664VXcKtEi8nFQgR71X/ur2I5IIKg3hWOuO58bGT7EyjHA6KXUTTWNMRnhAO5ZKLKj20+mtE3RklT4KI2VLGjRVf0+kWGg9FoHtFNgM9byXif95ncSEl37KZJwYKslsUZhwZCKUPY76TFFi+NgSTBSztyIyxAoTY+Mp2RC8+ZcXSfOk6p1Xzx5OK7XrPI4iHMAhHIMHF1CDO6hDAwgM4Rle4c0Rzovz7nzMWgtOPrMPf+B8/gBt+Y3a</latexit>

DN =



<latexit sha1_base64="4/k5jobkzTtpsH0dyf/Ydh0Arwo=">AAACHHicbVDLSsNAFJ34rPUVdelmsAguSknqcyMU3bisYB/QhjCZTNuhk0mcmQgl5EPc+CtuXCjixoXg3zhJs9DWcxnu4dx7uXOPFzEqlWV9GwuLS8srq6W18vrG5ta2ubPblmEsMGnhkIWi6yFJGOWkpahipBsJggKPkY43vs7qnQciJA35nZpExAnQkNMBxUhpyTWPIze5d620mme7yPW02sd+qCS8hHY1CyuPqeiaFatm5YDzxC5IBRRouuZn3w9xHBCuMENS9mwrUk6ChKKYkbTcjyWJEB6jIelpylFApJPkx6XwUCs+HIRCP65grv6eSFAg5STwdGeA1EjO1jLxv1ovVoMLJ6E8ihXheLpoEDOoQpg5BX0qCFZsognCguq/QjxCAmGl/SxrE+zZk+dJu16zz2qntyeVxlVhRwnsgwNwBGxwDhrgBjRBC2DwCJ7BK3gznowX4934mLYuGMXMHvgD4+sHnNafKQ==</latexit>

pq0 , pq1 , pq2 , · · · = 1, 1, 1, 0, 0, 0, · · ·
Always valid outcome with just local consistency:

Only log bits of info

[Z’20]: 
• Local consistency good enough for linear scan / 
• Fails for binary search / 

<latexit sha1_base64="zAvItCBXuts+SFKb3qG+y16/K3U=">AAAB+HicbVDLSsNAFL2pr1ofjbp0M1gEVyURXxuh6MaVVLAPaEOZTCft0MkkzEyEGPolblwo4tZPceffOE2z0OqBgcM593LPHD/mTGnH+bJKS8srq2vl9crG5tZ21d7ZbasokYS2SMQj2fWxopwJ2tJMc9qNJcWhz2nHn1zP/M4DlYpF4l6nMfVCPBIsYARrIw3s6u1lP8R6rIIsjng6Hdg1p+7kQH+JW5AaFGgO7M/+MCJJSIUmHCvVc51YexmWmhFOp5V+omiMyQSPaM9QgUOqvCwPPkWHRhmiIJLmCY1y9edGhkOl0tA3k3nIRW8m/uf1Eh1ceBkTcaKpIPNDQcKRjtCsBTRkkhLNU0MwkcxkRWSMJSbadFUxJbiLX/5L2sd196x+endSa1wVdZRhHw7gCFw4hwbcQBNaQCCBJ3iBV+vRerberPf5aMkqdvbgF6yPbyqQk3E=</latexit>

N = poly
<latexit sha1_base64="sl8nm/4lwPpa+TXc+30NmEOHd18=">AAAB/XicbVDLSgMxFM3UV62v8bFzEyyCqzIjvjZC0Y0rqWAf0A4lk2ba0EwSkoxQh+KvuHGhiFv/w51/YzqdhbYeCBzOuZd7ckLJqDae9+0UFhaXlleKq6W19Y3NLXd7p6FFojCpY8GEaoVIE0Y5qRtqGGlJRVAcMtIMh9cTv/lAlKaC35uRJEGM+pxGFCNjpa67d3vZiZEZ6CjViSRKCjYad92yV/EywHni56QMctS67lenJ3ASE24wQ1q3fU+aIEXKUMzIuNRJNJEID1GftC3lKCY6SLP0Y3holR6MhLKPG5ipvzdSFGs9ikM7mSWd9Sbif147MdFFkFIuE0M4nh6KEgaNgJMqYI8qgg0bWYKwojYrxAOkEDa2sJItwZ/98jxpHFf8s8rp3Um5epXXUQT74AAcAR+cgyq4ATVQBxg8gmfwCt6cJ+fFeXc+pqMFJ9/ZBX/gfP4AVouV0g==</latexit>

N = superpoly



[Kitagawa-Nishimaki’22]: global consistency, but only when no collusions

<latexit sha1_base64="4/k5jobkzTtpsH0dyf/Ydh0Arwo=">AAACHHicbVDLSsNAFJ34rPUVdelmsAguSknqcyMU3bisYB/QhjCZTNuhk0mcmQgl5EPc+CtuXCjixoXg3zhJs9DWcxnu4dx7uXOPFzEqlWV9GwuLS8srq6W18vrG5ta2ubPblmEsMGnhkIWi6yFJGOWkpahipBsJggKPkY43vs7qnQciJA35nZpExAnQkNMBxUhpyTWPIze5d620mme7yPW02sd+qCS8hHY1CyuPqeiaFatm5YDzxC5IBRRouuZn3w9xHBCuMENS9mwrUk6ChKKYkbTcjyWJEB6jIelpylFApJPkx6XwUCs+HIRCP65grv6eSFAg5STwdGeA1EjO1jLxv1ovVoMLJ6E8ihXheLpoEDOoQpg5BX0qCFZsognCguq/QjxCAmGl/SxrE+zZk+dJu16zz2qntyeVxlVhRwnsgwNwBGxwDhrgBjRBC2DwCJ7BK3gznowX4934mLYuGMXMHvgD4+sHnNafKQ==</latexit>

pq0 , pq1 , pq2 , · · · = 1, 1, 1, 0, 0, 0, · · ·
Always valid outcome with just local consistency:

Only log bits of info

[Z’20]: 
• Good enough for linear scan / 
• Fails for binary search / 

<latexit sha1_base64="zAvItCBXuts+SFKb3qG+y16/K3U=">AAAB+HicbVDLSsNAFL2pr1ofjbp0M1gEVyURXxuh6MaVVLAPaEOZTCft0MkkzEyEGPolblwo4tZPceffOE2z0OqBgcM593LPHD/mTGnH+bJKS8srq2vl9crG5tZ21d7ZbasokYS2SMQj2fWxopwJ2tJMc9qNJcWhz2nHn1zP/M4DlYpF4l6nMfVCPBIsYARrIw3s6u1lP8R6rIIsjng6Hdg1p+7kQH+JW5AaFGgO7M/+MCJJSIUmHCvVc51YexmWmhFOp5V+omiMyQSPaM9QgUOqvCwPPkWHRhmiIJLmCY1y9edGhkOl0tA3k3nIRW8m/uf1Eh1ceBkTcaKpIPNDQcKRjtCsBTRkkhLNU0MwkcxkRWSMJSbadFUxJbiLX/5L2sd196x+endSa1wVdZRhHw7gCFw4hwbcQBNaQCCBJ3iBV+vRerberPf5aMkqdvbgF6yPbyqQk3E=</latexit>

N = poly
<latexit sha1_base64="sl8nm/4lwPpa+TXc+30NmEOHd18=">AAAB/XicbVDLSgMxFM3UV62v8bFzEyyCqzIjvjZC0Y0rqWAf0A4lk2ba0EwSkoxQh+KvuHGhiFv/w51/YzqdhbYeCBzOuZd7ckLJqDae9+0UFhaXlleKq6W19Y3NLXd7p6FFojCpY8GEaoVIE0Y5qRtqGGlJRVAcMtIMh9cTv/lAlKaC35uRJEGM+pxGFCNjpa67d3vZiZEZ6CjViSRKCjYad92yV/EywHni56QMctS67lenJ3ASE24wQ1q3fU+aIEXKUMzIuNRJNJEID1GftC3lKCY6SLP0Y3holR6MhLKPG5ipvzdSFGs9ikM7mSWd9Sbif147MdFFkFIuE0M4nh6KEgaNgJMqYI8qgg0bWYKwojYrxAOkEDa2sJItwZ/98jxpHFf8s8rp3Um5epXXUQT74AAcAR+cgyq4ATVQBxg8gmfwCt6cJ+fFeXc+pqMFJ9/ZBX/gfP4AVouV0g==</latexit>

N = superpoly



This Work



This Work

Guarantees:
•                    
•  
•  
•  

<latexit sha1_base64="ZjxGp3g35zxu7jbUMN75TrkHKB0=">AAAB83icbVDLSgMxFL1TX7W+qi7dBIvgqsyIr2XRjcsK9gGdoWTSTBuaSUKSEcvQ33DjQhG3/ow7/8b0sdDWAxcO59zLvffEijNjff/bK6ysrq1vFDdLW9s7u3vl/YOmkZkmtEEkl7odY0M5E7RhmeW0rTTFacxpKx7eTvzWI9WGSfFgR4pGKe4LljCCrZNC1fVDrJSWT8jvlit+1Z8CLZNgTiowR71b/gp7kmQpFZZwbEwn8JWNcqwtI5yOS2FmqMJkiPu046jAKTVRPr15jE6c0kOJ1K6ERVP190SOU2NGaew6U2wHZtGbiP95ncwm11HOhMosFWS2KMk4shJNAkA9pimxfOQIJpq5WxEZYI2JdTGVXAjB4svLpHlWDS6rF/fnldrNPI4iHMExnEIAV1CDO6hDAwgoeIZXePMy78V79z5mrQVvPnMIf+B9/gBbkZFB</latexit>

p0 ⇡ 0
if 

<latexit sha1_base64="rbQ+alweg57l4v7qs78N46dBSRA=">AAAB8nicbVDLSsNAFL2pr1pfVZduBovgqiTia1l047KCfUAbwmQ6SYdOZuLMRCihn+HGhSJu/Rp3/o3TNgttPXDhcM693HtPmHKmjet+O6WV1bX1jfJmZWt7Z3evun/Q1jJThLaI5FJ1Q6wpZ4K2DDOcdlNFcRJy2glHt1O/80SVZlI8mHFK/QTHgkWMYGOlXhrkj4E76cexG1Rrbt2dAS0TryA1KNAMql/9gSRZQoUhHGvd89zU+DlWhhFOJ5V+pmmKyQjHtGepwAnVfj47eYJOrDJAkVS2hEEz9fdEjhOtx0loOxNshnrRm4r/eb3MRNd+zkSaGSrIfFGUcWQkmv6PBkxRYvjYEkwUs7ciMsQKE2NTqtgQvMWXl0n7rO5d1i/uz2uNmyKOMhzBMZyCB1fQgDtoQgsISHiGV3hzjPPivDsf89aSU8wcwh84nz/9VZET</latexit>

pq0 � 0
<latexit sha1_base64="n5q5Q2gmuNQvnCcmW387Q29o6CQ=">AAAB7HicbVBNSwMxEJ2tX7V+VT16CRbBU9kVvy5C0YsnqeC2hXYp2TTbhmaTNckKZelv8OJBEa/+IG/+G9N2D9r6YODx3gwz88KEM21c99spLC2vrK4V10sbm1vbO+XdvYaWqSLUJ5JL1QqxppwJ6htmOG0liuI45LQZDm8mfvOJKs2keDCjhAYx7gsWMYKNlfzHrnt11y1X3Ko7BVokXk4qkKPeLX91epKkMRWGcKx123MTE2RYGUY4HZc6qaYJJkPcp21LBY6pDrLpsWN0ZJUeiqSyJQyaqr8nMhxrPYpD2xljM9Dz3kT8z2unJroMMiaS1FBBZouilCMj0eRz1GOKEsNHlmCimL0VkQFWmBibT8mG4M2/vEgaJ1XvvHp2f1qpXedxFOEADuEYPLiAGtxCHXwgwOAZXuHNEc6L8+58zFoLTj6zD3/gfP4AIYyOQQ==</latexit>

q0 = N
always

<latexit sha1_base64="0ASpFyi9LL0JeOEk/cGMl9f95Ps=">AAACA3icbVC7TsMwFHV4lvIKsMFiUSGxUCWI11jBwlgk+pDaKHJcp7XqxMZ2EFUUiYVfYWEAIVZ+go2/wU0zQMuRrnR8zr3yvScQjCrtON/W3PzC4tJyaaW8ura+sWlvbTcVTyQmDcwZl+0AKcJoTBqaakbaQhIUBYy0guHV2G/dE6koj2/1SBAvQv2YhhQjbSTf3hV+eufTrIuEkPwB5s+UHrlZ5tsVp+rkgLPELUgFFKj79le3x3ESkVhjhpTquI7QXoqkppiRrNxNFBEID1GfdAyNUUSUl+Y3ZPDAKD0Ycmkq1jBXf0+kKFJqFAWmM0J6oKa9sfif10l0eOGlNBaJJjGefBQmDGoOx4HAHpUEazYyBGFJza4QD5BEWJvYyiYEd/rkWdI8rrpn1dObk0rtsoijBPbAPjgELjgHNXAN6qABMHgEz+AVvFlP1ov1bn1MWuesYmYH/IH1+QObpZgl</latexit>pqi ⇡ pqi�1

<latexit sha1_base64="LPWhxJ7dbwfP1UvQowPL7Rg0Omo=">AAAB8nicbVDLSgNBEOz1GeMr6tHLYBA8aNgVX8egF48RzAM2S5idzCZDZmc2M7NCWPIZXjwo4tWv8ebfOEn2oIkFDUVVN91dYcKZNq777Swtr6yurRc2iptb2zu7pb39hpapIrROJJeqFWJNORO0bpjhtJUoiuOQ02Y4uJv4zSeqNJPi0YwSGsS4J1jECDZW8ocddjrsZOzMG3dKZbfiToEWiZeTMuSodUpf7a4kaUyFIRxr7XtuYoIMK8MIp+NiO9U0wWSAe9S3VOCY6iCbnjxGx1bpokgqW8Kgqfp7IsOx1qM4tJ0xNn09703E/zw/NdFNkDGRpIYKMlsUpRwZiSb/oy5TlBg+sgQTxeytiPSxwsTYlIo2BG/+5UXSOK94V5XLh4ty9TaPowCHcAQn4ME1VOEealAHAhKe4RXeHOO8OO/Ox6x1yclnDuAPnM8ft4SQ5g==</latexit>qi, qi�1if only honest users between
<latexit sha1_base64="Bl6khkacBjoDPxqP72Fbe+uZGeA=">AAACA3icbVC7TsMwFHXKq5RXgA0WiwqJhSqpeI0VLIxFog+pjSLHdVqrjmNsB1FFkVj4FRYGEGLlJ9j4G9y0A7Qc6UrH59wr33sCwajSjvNtFRYWl5ZXiqultfWNzS17e6ep4kRi0sAxi2U7QIowyklDU81IW0iCooCRVjC8GvuteyIVjfmtHgniRajPaUgx0kby7T3hp3c+zbpICBk/wPyZ0uNqlvl22ak4OeA8caekDKao+/ZXtxfjJCJcY4aU6riO0F6KpKaYkazUTRQRCA9Rn3QM5SgiykvzGzJ4aJQeDGNpimuYq78nUhQpNYoC0xkhPVCz3lj8z+skOrzwUspFognHk4/ChEEdw3EgsEclwZqNDEFYUrMrxAMkEdYmtpIJwZ09eZ40qxX3rHJ6c1KuXU7jKIJ9cACOgAvOQQ1cgzpoAAwewTN4BW/Wk/VivVsfk9aCNZ3ZBX9gff4AnSuYJg==</latexit>pqi ⇡ pqi�2 if

<latexit sha1_base64="eNuA5F3O7AO5oTiVyF17GHPjCBo=">AAAB8nicbVDLSsNAFL2pr1pfVZduBovgxpIUXxuh6MZlBfuANITJdNIOnWTSmYlQQj/DjQtF3Po17vwbp20W2nrgwuGce7n3niDhTGnb/rYKK6tr6xvFzdLW9s7uXnn/oKVEKgltEsGF7ARYUc5i2tRMc9pJJMVRwGk7GN5N/fYTlYqJ+FGPE+pFuB+zkBGsjeSOfHYz8jN2Vpv45YpdtWdAy8TJSQVyNPzyV7cnSBrRWBOOlXIdO9FehqVmhNNJqZsqmmAyxH3qGhrjiCovm508QSdG6aFQSFOxRjP190SGI6XGUWA6I6wHatGbiv95bqrDay9jcZJqGpP5ojDlSAs0/R/1mKRE87EhmEhmbkVkgCUm2qRUMiE4iy8vk1at6lxWLx7OK/XbPI4iHMExnIIDV1CHe2hAEwgIeIZXeLO09WK9Wx/z1oKVzxzCH1ifP9NEkPg=</latexit>qi = qi�2

Note: No guarantees for                      ,
 Case              Implied by local consistency 

<latexit sha1_base64="SYHxbi2+HU/k0ocM6rFVadLc8oo=">AAAB8nicbVDLSgNBEOz1GeMr6tHLYBC8GHbF10UIevEYwTxgsyyzk0kyZHZmMzMrhCWf4cWDIl79Gm/+jZNkD5pY0FBUddPdFSWcaeO6387S8srq2npho7i5tb2zW9rbb2iZKkLrRHKpWhHWlDNB64YZTluJojiOOG1Gg7uJ33yiSjMpHs0ooUGMe4J1GcHGSv4wZDfDMGOng3FYKrsVdwq0SLyclCFHLSx9tTuSpDEVhnCste+5iQkyrAwjnI6L7VTTBJMB7lHfUoFjqoNsevIYHVulg7pS2RIGTdXfExmOtR7Fke2MsenreW8i/uf5qeleBxkTSWqoILNF3ZQjI9Hkf9RhihLDR5Zgopi9FZE+VpgYm1LRhuDNv7xIGmcV77Jy8XBert7mcRTgEI7gBDy4gircQw3qQEDCM7zCm2OcF+fd+Zi1Ljn5zAH8gfP5AynwkTE=</latexit>qi = qi�k
<latexit sha1_base64="azprv/ZdeOL1GykUNkDIY5BT+js=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKez6Pga9eIxgHpAsYXbSmwyZnV1nZoWw5CO8eFDEq9/jzb9xkuxBowUNRVU33V1BIrg2rvvlFJaWV1bXiuuljc2t7Z3y7l5Tx6li2GCxiFU7oBoFl9gw3AhsJwppFAhsBaObqd96RKV5LO/NOEE/ogPJQ86osVJr1B3gAzntlStu1Z2B/CVeTiqQo94rf3b7MUsjlIYJqnXHcxPjZ1QZzgROSt1UY0LZiA6wY6mkEWo/m507IUdW6ZMwVrakITP150RGI63HUWA7I2qGetGbiv95ndSEV37GZZIalGy+KEwFMTGZ/k76XCEzYmwJZYrbWwkbUkWZsQmVbAje4st/SfOk6l1Uz+/OKrXrPI4iHMAhHIMHl1CDW6hDAxiM4Ale4NVJnGfnzXmftxacfGYffsH5+AalQo8h</latexit>

k � 3
<latexit sha1_base64="3oEsdwZzDxZwXxsLfYicDQHsoOM=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr4sQ9OIxonlAsoTZyWwyZHZ2mekVwpJP8OJBEa9+kTf/xkmyB40WNBRV3XR3BYkUBl33yyksLa+srhXXSxubW9s75d29polTzXiDxTLW7YAaLoXiDRQoeTvRnEaB5K1gdDP1W49cGxGrBxwn3I/oQIlQMIpWuh9deb1yxa26M5C/xMtJBXLUe+XPbj9macQVMkmN6Xhugn5GNQom+aTUTQ1PKBvRAe9YqmjEjZ/NTp2QI6v0SRhrWwrJTP05kdHImHEU2M6I4tAselPxP6+TYnjpZ0IlKXLF5ovCVBKMyfRv0heaM5RjSyjTwt5K2JBqytCmU7IheIsv/yXNk6p3Xj27O63UrvM4inAAh3AMHlxADW6hDg1gMIAneIFXRzrPzpvzPm8tOPnMPvyC8/ENx2mNew==</latexit>

k = 1

NEW: single-step rewinding
Enforced using quantum state 

repair [Chiesa-Ma-Spooner-Z’21]



“Hesitant” Algorithms

Idea: always make sure one of last two queries has large

 ⟹ if ever get small        , immediately backtrack with

<latexit sha1_base64="JBakr+hB+Na6YSGh9KLjCYiq9b8=">AAAB7nicbVDLSsNAFL2pr1pfVZduBovgqiTia1l047KCfUAbwmQ6aYdOJuPMRCihH+HGhSJu/R53/o2TNgttPXDhcM693HtPKDnTxnW/ndLK6tr6RnmzsrW9s7tX3T9o6yRVhLZIwhPVDbGmnAnaMsxw2pWK4jjktBOOb3O/80SVZol4MBNJ/RgPBYsYwcZKHRlkjwGbBtWaW3dnQMvEK0gNCjSD6ld/kJA0psIQjrXuea40foaVYYTTaaWfaioxGeMh7VkqcEy1n83OnaITqwxQlChbwqCZ+nsiw7HWkzi0nTE2I73o5eJ/Xi810bWfMSFTQwWZL4pSjkyC8t/RgClKDJ9Ygoli9lZERlhhYmxCFRuCt/jyMmmf1b3L+sX9ea1xU8RRhiM4hlPw4AoacAdNaAGBMTzDK7w50nlx3p2PeWvJKWYO4Q+czx+mO4/K</latexit>pqi
<latexit sha1_base64="JBakr+hB+Na6YSGh9KLjCYiq9b8=">AAAB7nicbVDLSsNAFL2pr1pfVZduBovgqiTia1l047KCfUAbwmQ6aYdOJuPMRCihH+HGhSJu/R53/o2TNgttPXDhcM693HtPKDnTxnW/ndLK6tr6RnmzsrW9s7tX3T9o6yRVhLZIwhPVDbGmnAnaMsxw2pWK4jjktBOOb3O/80SVZol4MBNJ/RgPBYsYwcZKHRlkjwGbBtWaW3dnQMvEK0gNCjSD6ld/kJA0psIQjrXuea40foaVYYTTaaWfaioxGeMh7VkqcEy1n83OnaITqwxQlChbwqCZ+nsiw7HWkzi0nTE2I73o5eJ/Xi810bWfMSFTQwWZL4pSjkyC8t/RgClKDJ9Ygoli9lZERlhhYmxCFRuCt/jyMmmf1b3L+sX9ea1xU8RRhiM4hlPw4AoacAdNaAGBMTzDK7w50nlx3p2PeWvJKWYO4Q+czx+mO4/K</latexit>pqi

<latexit sha1_base64="wr//Zs+U/OuCoyCuP32ivX35k1Q=">AAAB+HicbVDLSsNAFL3xWeujUZduBosgiCURXxuh6MZlBfuANoTJdNIOnTycmQg15EvcuFDErZ/izr9x0mahrQcu93DOvcyd48WcSWVZ38bC4tLyympprby+sblVMbd3WjJKBKFNEvFIdDwsKWchbSqmOO3EguLA47TtjW5yv/1IhWRReK/GMXUCPAiZzwhWWnLNyoObsiM7u8r7sZ25ZtWqWROgeWIXpAoFGq751etHJAloqAjHUnZtK1ZOioVihNOs3EskjTEZ4QHtahrigEonnRyeoQOt9JEfCV2hQhP190aKAynHgacnA6yGctbLxf+8bqL8SydlYZwoGpLpQ37CkYpQngLqM0GJ4mNNMBFM34rIEAtMlM6qrEOwZ788T1onNfu8dnZ3Wq1fF3GUYA/24RBsuIA63EIDmkAggWd4hTfjyXgx3o2P6eiCUezswh8Ynz/ya5Kk</latexit>qi+1 = qi�1

Otherwise, all future         may be small
<latexit sha1_base64="JBakr+hB+Na6YSGh9KLjCYiq9b8=">AAAB7nicbVDLSsNAFL2pr1pfVZduBovgqiTia1l047KCfUAbwmQ6aYdOJuPMRCihH+HGhSJu/R53/o2TNgttPXDhcM693HtPKDnTxnW/ndLK6tr6RnmzsrW9s7tX3T9o6yRVhLZIwhPVDbGmnAnaMsxw2pWK4jjktBOOb3O/80SVZol4MBNJ/RgPBYsYwcZKHRlkjwGbBtWaW3dnQMvEK0gNCjSD6ld/kJA0psIQjrXuea40foaVYYTTaaWfaioxGeMh7VkqcEy1n83OnaITqwxQlChbwqCZ+nsiw7HWkzi0nTE2I73o5eJ/Xi810bWfMSFTQwWZL4pSjkyC8t/RgClKDJ9Ygoli9lZERlhhYmxCFRuCt/jyMmmf1b3L+sX9ea1xU8RRhiM4hlPw4AoacAdNaAGBMTzDK7w50nlx3p2PeWvJKWYO4Q+czx+mO4/K</latexit>pqi



Hesitant Binary Search

<latexit sha1_base64="GQuMYZhMmwPAndQ0tTFN44pZFYg=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQx68ZiAeUCyhNlJbzJmdnaZmRXCki/w4kERr36SN//GSbIHTSxoKKq66e4KEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivV3V6p7FbcGcgy8XJShhy1Xumr249ZGqE0TFCtO56bGD+jynAmcFLsphoTykZ0gB1LJY1Q+9ns0Ak5tUqfhLGyJQ2Zqb8nMhppPY4C2xlRM9SL3lT8z+ukJrzxMy6T1KBk80VhKoiJyfRr0ucKmRFjSyhT3N5K2JAqyozNpmhD8BZfXibN84p3VbmsX5Srt3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDfFmMvg==</latexit>

0
<latexit sha1_base64="Myr3Kcmiy/fK9XQuulchFknRygM=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQiydJwDwgWcLspJOMmZ1dZmaFsOQLvHhQxKuf5M2/cZLsQRMLGoqqbrq7glhwbVz328mtrK6tb+Q3C1vbO7t7xf2Dho4SxbDOIhGpVkA1Ci6xbrgR2IoV0jAQ2AxGt1O/+YRK80g+mHGMfkgHkvc5o8ZKtftuseSW3RnIMvEyUoIM1W7xq9OLWBKiNExQrdueGxs/pcpwJnBS6CQaY8pGdIBtSyUNUfvp7NAJObFKj/QjZUsaMlN/T6Q01HocBrYzpGaoF72p+J/XTkz/2k+5jBODks0X9RNBTESmX5MeV8iMGFtCmeL2VsKGVFFmbDYFG4K3+PIyaZyVvcvyRe28VLnJ4sjDERzDKXhwBRW4gyrUgQHCM7zCm/PovDjvzse8NedkM4fwB87nD6nRjNw=</latexit>

N
<latexit sha1_base64="n8VndHKNp4+G2wx+iZzA8f++XZI=">AAAB8nicbVDLSsNAFL3xWeur6tLNYBFclaT4WhbduJIK9gFpKJPppB06mQkzE6GEfIYbF4q49Wvc+TdO2yy09cCFwzn3cu89YcKZNq777aysrq1vbJa2yts7u3v7lYPDtpapIrRFJJeqG2JNORO0ZZjhtJsoiuOQ0044vp36nSeqNJPi0UwSGsR4KFjECDZW8nuRwiS7z7N63q9U3Zo7A1omXkGqUKDZr3z1BpKkMRWGcKy177mJCTKsDCOc5uVeqmmCyRgPqW+pwDHVQTY7OUenVhmgSCpbwqCZ+nsiw7HWkzi0nTE2I73oTcX/PD810XWQMZGkhgoyXxSlHBmJpv+jAVOUGD6xBBPF7K2IjLBNwdiUyjYEb/HlZdKu17zL2sXDebVxU8RRgmM4gTPw4AoacAdNaAEBCc/wCm+OcV6cd+dj3rriFDNH8AfO5w9o6JFa</latexit>

N

2

<latexit sha1_base64="6a1il+76/Bz1NtMkVsJKpITOQ2Q=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQi8eI5gHJEmYnvcmQ2dl1ZlYISz7BiwdFvPpF3vwbJ8keNFrQUFR1090VJIJr47pfTmFpeWV1rbhe2tjc2t4p7+41dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6nvqtR1Sax/LejBP0IzqQPOSMGivdPfTcXrniVt0ZyF/i5aQCOeq98me3H7M0QmmYoFp3PDcxfkaV4UzgpNRNNSaUjegAO5ZKGqH2s9mpE3JklT4JY2VLGjJTf05kNNJ6HAW2M6JmqBe9qfif10lNeOlnXCapQcnmi8JUEBOT6d+kzxUyI8aWUKa4vZWwIVWUGZtOyYbgLb78lzRPqt559ez2tFK7yuMowgEcwjF4cAE1uIE6NIDBAJ7gBV4d4Tw7b877vLXg5DP78AvOxzcCwo2i</latexit>q0<latexit sha1_base64="kNd3UNMz/2RnnPSdWQcmtCuFhMg=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQi8eI5gHJEmYnvcmQ2dl1ZlYISz7BiwdFvPpF3vwbJ8keNFrQUFR1090VJIJr47pfTmFpeWV1rbhe2tjc2t4p7+41dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6nvqtR1Sax/LejBP0IzqQPOSMGivdPfS8XrniVt0ZyF/i5aQCOeq98me3H7M0QmmYoFp3PDcxfkaV4UzgpNRNNSaUjegAO5ZKGqH2s9mpE3JklT4JY2VLGjJTf05kNNJ6HAW2M6JmqBe9qfif10lNeOlnXCapQcnmi8JUEBOT6d+kzxUyI8aWUKa4vZWwIVWUGZtOyYbgLb78lzRPqt559ez2tFK7yuMowgEcwjF4cAE1uIE6NIDBAJ7gBV4d4Tw7b877vLXg5DP78AvOxzcERo2j</latexit>q1

must contain malicious user

may contain honest user



Hesitant Binary Search

<latexit sha1_base64="GQuMYZhMmwPAndQ0tTFN44pZFYg=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQx68ZiAeUCyhNlJbzJmdnaZmRXCki/w4kERr36SN//GSbIHTSxoKKq66e4KEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivV3V6p7FbcGcgy8XJShhy1Xumr249ZGqE0TFCtO56bGD+jynAmcFLsphoTykZ0gB1LJY1Q+9ns0Ak5tUqfhLGyJQ2Zqb8nMhppPY4C2xlRM9SL3lT8z+ukJrzxMy6T1KBk80VhKoiJyfRr0ucKmRFjSyhT3N5K2JAqyozNpmhD8BZfXibN84p3VbmsX5Srt3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDfFmMvg==</latexit>

0
<latexit sha1_base64="Myr3Kcmiy/fK9XQuulchFknRygM=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQiydJwDwgWcLspJOMmZ1dZmaFsOQLvHhQxKuf5M2/cZLsQRMLGoqqbrq7glhwbVz328mtrK6tb+Q3C1vbO7t7xf2Dho4SxbDOIhGpVkA1Ci6xbrgR2IoV0jAQ2AxGt1O/+YRK80g+mHGMfkgHkvc5o8ZKtftuseSW3RnIMvEyUoIM1W7xq9OLWBKiNExQrdueGxs/pcpwJnBS6CQaY8pGdIBtSyUNUfvp7NAJObFKj/QjZUsaMlN/T6Q01HocBrYzpGaoF72p+J/XTkz/2k+5jBODks0X9RNBTESmX5MeV8iMGFtCmeL2VsKGVFFmbDYFG4K3+PIyaZyVvcvyRe28VLnJ4sjDERzDKXhwBRW4gyrUgQHCM7zCm/PovDjvzse8NedkM4fwB87nD6nRjNw=</latexit>

N
<latexit sha1_base64="n8VndHKNp4+G2wx+iZzA8f++XZI=">AAAB8nicbVDLSsNAFL3xWeur6tLNYBFclaT4WhbduJIK9gFpKJPppB06mQkzE6GEfIYbF4q49Wvc+TdO2yy09cCFwzn3cu89YcKZNq777aysrq1vbJa2yts7u3v7lYPDtpapIrRFJJeqG2JNORO0ZZjhtJsoiuOQ0044vp36nSeqNJPi0UwSGsR4KFjECDZW8nuRwiS7z7N63q9U3Zo7A1omXkGqUKDZr3z1BpKkMRWGcKy177mJCTKsDCOc5uVeqmmCyRgPqW+pwDHVQTY7OUenVhmgSCpbwqCZ+nsiw7HWkzi0nTE2I73oTcX/PD810XWQMZGkhgoyXxSlHBmJpv+jAVOUGD6xBBPF7K2IjLBNwdiUyjYEb/HlZdKu17zL2sXDebVxU8RRgmM4gTPw4AoacAdNaAEBCc/wCm+OcV6cd+dj3rriFDNH8AfO5w9o6JFa</latexit>

N

2

<latexit sha1_base64="6a1il+76/Bz1NtMkVsJKpITOQ2Q=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQi8eI5gHJEmYnvcmQ2dl1ZlYISz7BiwdFvPpF3vwbJ8keNFrQUFR1090VJIJr47pfTmFpeWV1rbhe2tjc2t4p7+41dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6nvqtR1Sax/LejBP0IzqQPOSMGivdPfTcXrniVt0ZyF/i5aQCOeq98me3H7M0QmmYoFp3PDcxfkaV4UzgpNRNNSaUjegAO5ZKGqH2s9mpE3JklT4JY2VLGjJTf05kNNJ6HAW2M6JmqBe9qfif10lNeOlnXCapQcnmi8JUEBOT6d+kzxUyI8aWUKa4vZWwIVWUGZtOyYbgLb78lzRPqt559ez2tFK7yuMowgEcwjF4cAE1uIE6NIDBAJ7gBV4d4Tw7b877vLXg5DP78AvOxzcCwo2i</latexit>q0<latexit sha1_base64="kNd3UNMz/2RnnPSdWQcmtCuFhMg=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQi8eI5gHJEmYnvcmQ2dl1ZlYISz7BiwdFvPpF3vwbJ8keNFrQUFR1090VJIJr47pfTmFpeWV1rbhe2tjc2t4p7+41dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6nvqtR1Sax/LejBP0IzqQPOSMGivdPfS8XrniVt0ZyF/i5aQCOeq98me3H7M0QmmYoFp3PDcxfkaV4UzgpNRNNSaUjegAO5ZKGqH2s9mpE3JklT4JY2VLGjJTf05kNNJ6HAW2M6JmqBe9qfif10lNeOlnXCapQcnmi8JUEBOT6d+kzxUyI8aWUKa4vZWwIVWUGZtOyYbgLb78lzRPqt559ez2tFK7yuMowgEcwjF4cAE1uIE6NIDBAJ7gBV4d4Tw7b877vLXg5DP78AvOxzcERo2j</latexit>q1
<latexit sha1_base64="GQuMYZhMmwPAndQ0tTFN44pZFYg=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQx68ZiAeUCyhNlJbzJmdnaZmRXCki/w4kERr36SN//GSbIHTSxoKKq66e4KEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivV3V6p7FbcGcgy8XJShhy1Xumr249ZGqE0TFCtO56bGD+jynAmcFLsphoTykZ0gB1LJY1Q+9ns0Ak5tUqfhLGyJQ2Zqb8nMhppPY4C2xlRM9SL3lT8z+ukJrzxMy6T1KBk80VhKoiJyfRr0ucKmRFjSyhT3N5K2JAqyozNpmhD8BZfXibN84p3VbmsX5Srt3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDfFmMvg==</latexit>

0
<latexit sha1_base64="Myr3Kcmiy/fK9XQuulchFknRygM=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQiydJwDwgWcLspJOMmZ1dZmaFsOQLvHhQxKuf5M2/cZLsQRMLGoqqbrq7glhwbVz328mtrK6tb+Q3C1vbO7t7xf2Dho4SxbDOIhGpVkA1Ci6xbrgR2IoV0jAQ2AxGt1O/+YRK80g+mHGMfkgHkvc5o8ZKtftuseSW3RnIMvEyUoIM1W7xq9OLWBKiNExQrdueGxs/pcpwJnBS6CQaY8pGdIBtSyUNUfvp7NAJObFKj/QjZUsaMlN/T6Q01HocBrYzpGaoF72p+J/XTkz/2k+5jBODks0X9RNBTESmX5MeV8iMGFtCmeL2VsKGVFFmbDYFG4K3+PIyaZyVvcvyRe28VLnJ4sjDERzDKXhwBRW4gyrUgQHCM7zCm/PovDjvzse8NedkM4fwB87nD6nRjNw=</latexit>

N
<latexit sha1_base64="n8VndHKNp4+G2wx+iZzA8f++XZI=">AAAB8nicbVDLSsNAFL3xWeur6tLNYBFclaT4WhbduJIK9gFpKJPppB06mQkzE6GEfIYbF4q49Wvc+TdO2yy09cCFwzn3cu89YcKZNq777aysrq1vbJa2yts7u3v7lYPDtpapIrRFJJeqG2JNORO0ZZjhtJsoiuOQ0044vp36nSeqNJPi0UwSGsR4KFjECDZW8nuRwiS7z7N63q9U3Zo7A1omXkGqUKDZr3z1BpKkMRWGcKy177mJCTKsDCOc5uVeqmmCyRgPqW+pwDHVQTY7OUenVhmgSCpbwqCZ+nsiw7HWkzi0nTE2I73oTcX/PD810XWQMZGkhgoyXxSlHBmJpv+jAVOUGD6xBBPF7K2IjLBNwdiUyjYEb/HlZdKu17zL2sXDebVxU8RRgmM4gTPw4AoacAdNaAEBCc/wCm+OcV6cd+dj3rriFDNH8AfO5w9o6JFa</latexit>

N

2

<latexit sha1_base64="6a1il+76/Bz1NtMkVsJKpITOQ2Q=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQi8eI5gHJEmYnvcmQ2dl1ZlYISz7BiwdFvPpF3vwbJ8keNFrQUFR1090VJIJr47pfTmFpeWV1rbhe2tjc2t4p7+41dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6nvqtR1Sax/LejBP0IzqQPOSMGivdPfTcXrniVt0ZyF/i5aQCOeq98me3H7M0QmmYoFp3PDcxfkaV4UzgpNRNNSaUjegAO5ZKGqH2s9mpE3JklT4JY2VLGjJTf05kNNJ6HAW2M6JmqBe9qfif10lNeOlnXCapQcnmi8JUEBOT6d+kzxUyI8aWUKa4vZWwIVWUGZtOyYbgLb78lzRPqt559ez2tFK7yuMowgEcwjF4cAE1uIE6NIDBAJ7gBV4d4Tw7b877vLXg5DP78AvOxzcCwo2i</latexit>q0<latexit sha1_base64="kNd3UNMz/2RnnPSdWQcmtCuFhMg=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQi8eI5gHJEmYnvcmQ2dl1ZlYISz7BiwdFvPpF3vwbJ8keNFrQUFR1090VJIJr47pfTmFpeWV1rbhe2tjc2t4p7+41dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6nvqtR1Sax/LejBP0IzqQPOSMGivdPfS8XrniVt0ZyF/i5aQCOeq98me3H7M0QmmYoFp3PDcxfkaV4UzgpNRNNSaUjegAO5ZKGqH2s9mpE3JklT4JY2VLGjJTf05kNNJ6HAW2M6JmqBe9qfif10lNeOlnXCapQcnmi8JUEBOT6d+kzxUyI8aWUKa4vZWwIVWUGZtOyYbgLb78lzRPqt559ez2tFK7yuMowgEcwjF4cAE1uIE6NIDBAJ7gBV4d4Tw7b877vLXg5DP78AvOxzcERo2j</latexit>q1

<latexit sha1_base64="b9hUREE2ZlHx4N/uOzCO4CoIMro=">AAAB8nicbVDLSsNAFL2pr1pfVZduBovgqiTia1l040oq2AekoUymk3boZCbMTIQS8hluXCji1q9x5984bbPQ1gMXDufcy733hAln2rjut1NaWV1b3yhvVra2d3b3qvsHbS1TRWiLSC5VN8SaciZoyzDDaTdRFMchp51wfDv1O09UaSbFo5kkNIjxULCIEWys5PcihUl2n2fneb9ac+vuDGiZeAWpQYFmv/rVG0iSxlQYwrHWvucmJsiwMoxwmld6qaYJJmM8pL6lAsdUB9ns5BydWGWAIqlsCYNm6u+JDMdaT+LQdsbYjPSiNxX/8/zURNdBxkSSGirIfFGUcmQkmv6PBkxRYvjEEkwUs7ciMsI2BWNTqtgQvMWXl0n7rO5d1i8ezmuNmyKOMhzBMZyCB1fQgDtoQgsISHiGV3hzjPPivDsf89aSU8wcwh84nz9r8pFc</latexit>

N

4

<latexit sha1_base64="2zRk1MZyvCQpkcU6cL9ylO1uedw=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHaJryPRi0eM8khgQ2aHBibMzq4zsyZkwyd48aAxXv0ib/6NA+xBwUo6qVR1p7sriAXXxnW/ndzK6tr6Rn6zsLW9s7tX3D9o6ChRDOssEpFqBVSj4BLrhhuBrVghDQOBzWB0M/WbT6g0j+SDGcfoh3QgeZ8zaqx0/9itdIslt+zOQJaJl5ESZKh1i1+dXsSSEKVhgmrd9tzY+ClVhjOBk0In0RhTNqIDbFsqaYjaT2enTsiJVXqkHylb0pCZ+nsipaHW4zCwnSE1Q73oTcX/vHZi+ld+ymWcGJRsvqifCGIiMv2b9LhCZsTYEsoUt7cSNqSKMmPTKdgQvMWXl0mjUvYuyud3Z6XqdRZHHo7gGE7Bg0uowi3UoA4MBvAMr/DmCOfFeXc+5q05J5s5hD9wPn8ABcqNpA==</latexit>q2

must contain malicious user

may contain honest user



Hesitant Binary Search

<latexit sha1_base64="GQuMYZhMmwPAndQ0tTFN44pZFYg=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQx68ZiAeUCyhNlJbzJmdnaZmRXCki/w4kERr36SN//GSbIHTSxoKKq66e4KEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivV3V6p7FbcGcgy8XJShhy1Xumr249ZGqE0TFCtO56bGD+jynAmcFLsphoTykZ0gB1LJY1Q+9ns0Ak5tUqfhLGyJQ2Zqb8nMhppPY4C2xlRM9SL3lT8z+ukJrzxMy6T1KBk80VhKoiJyfRr0ucKmRFjSyhT3N5K2JAqyozNpmhD8BZfXibN84p3VbmsX5Srt3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDfFmMvg==</latexit>

0
<latexit sha1_base64="Myr3Kcmiy/fK9XQuulchFknRygM=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQiydJwDwgWcLspJOMmZ1dZmaFsOQLvHhQxKuf5M2/cZLsQRMLGoqqbrq7glhwbVz328mtrK6tb+Q3C1vbO7t7xf2Dho4SxbDOIhGpVkA1Ci6xbrgR2IoV0jAQ2AxGt1O/+YRK80g+mHGMfkgHkvc5o8ZKtftuseSW3RnIMvEyUoIM1W7xq9OLWBKiNExQrdueGxs/pcpwJnBS6CQaY8pGdIBtSyUNUfvp7NAJObFKj/QjZUsaMlN/T6Q01HocBrYzpGaoF72p+J/XTkz/2k+5jBODks0X9RNBTESmX5MeV8iMGFtCmeL2VsKGVFFmbDYFG4K3+PIyaZyVvcvyRe28VLnJ4sjDERzDKXhwBRW4gyrUgQHCM7zCm/PovDjvzse8NedkM4fwB87nD6nRjNw=</latexit>

N
<latexit sha1_base64="n8VndHKNp4+G2wx+iZzA8f++XZI=">AAAB8nicbVDLSsNAFL3xWeur6tLNYBFclaT4WhbduJIK9gFpKJPppB06mQkzE6GEfIYbF4q49Wvc+TdO2yy09cCFwzn3cu89YcKZNq777aysrq1vbJa2yts7u3v7lYPDtpapIrRFJJeqG2JNORO0ZZjhtJsoiuOQ0044vp36nSeqNJPi0UwSGsR4KFjECDZW8nuRwiS7z7N63q9U3Zo7A1omXkGqUKDZr3z1BpKkMRWGcKy177mJCTKsDCOc5uVeqmmCyRgPqW+pwDHVQTY7OUenVhmgSCpbwqCZ+nsiw7HWkzi0nTE2I73oTcX/PD810XWQMZGkhgoyXxSlHBmJpv+jAVOUGD6xBBPF7K2IjLBNwdiUyjYEb/HlZdKu17zL2sXDebVxU8RRgmM4gTPw4AoacAdNaAEBCc/wCm+OcV6cd+dj3rriFDNH8AfO5w9o6JFa</latexit>

N

2

<latexit sha1_base64="6a1il+76/Bz1NtMkVsJKpITOQ2Q=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQi8eI5gHJEmYnvcmQ2dl1ZlYISz7BiwdFvPpF3vwbJ8keNFrQUFR1090VJIJr47pfTmFpeWV1rbhe2tjc2t4p7+41dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6nvqtR1Sax/LejBP0IzqQPOSMGivdPfTcXrniVt0ZyF/i5aQCOeq98me3H7M0QmmYoFp3PDcxfkaV4UzgpNRNNSaUjegAO5ZKGqH2s9mpE3JklT4JY2VLGjJTf05kNNJ6HAW2M6JmqBe9qfif10lNeOlnXCapQcnmi8JUEBOT6d+kzxUyI8aWUKa4vZWwIVWUGZtOyYbgLb78lzRPqt559ez2tFK7yuMowgEcwjF4cAE1uIE6NIDBAJ7gBV4d4Tw7b877vLXg5DP78AvOxzcCwo2i</latexit>q0<latexit sha1_base64="kNd3UNMz/2RnnPSdWQcmtCuFhMg=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQi8eI5gHJEmYnvcmQ2dl1ZlYISz7BiwdFvPpF3vwbJ8keNFrQUFR1090VJIJr47pfTmFpeWV1rbhe2tjc2t4p7+41dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6nvqtR1Sax/LejBP0IzqQPOSMGivdPfS8XrniVt0ZyF/i5aQCOeq98me3H7M0QmmYoFp3PDcxfkaV4UzgpNRNNSaUjegAO5ZKGqH2s9mpE3JklT4JY2VLGjJTf05kNNJ6HAW2M6JmqBe9qfif10lNeOlnXCapQcnmi8JUEBOT6d+kzxUyI8aWUKa4vZWwIVWUGZtOyYbgLb78lzRPqt559ez2tFK7yuMowgEcwjF4cAE1uIE6NIDBAJ7gBV4d4Tw7b877vLXg5DP78AvOxzcERo2j</latexit>q1
<latexit sha1_base64="GQuMYZhMmwPAndQ0tTFN44pZFYg=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQx68ZiAeUCyhNlJbzJmdnaZmRXCki/w4kERr36SN//GSbIHTSxoKKq66e4KEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivV3V6p7FbcGcgy8XJShhy1Xumr249ZGqE0TFCtO56bGD+jynAmcFLsphoTykZ0gB1LJY1Q+9ns0Ak5tUqfhLGyJQ2Zqb8nMhppPY4C2xlRM9SL3lT8z+ukJrzxMy6T1KBk80VhKoiJyfRr0ucKmRFjSyhT3N5K2JAqyozNpmhD8BZfXibN84p3VbmsX5Srt3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDfFmMvg==</latexit>

0
<latexit sha1_base64="Myr3Kcmiy/fK9XQuulchFknRygM=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQiydJwDwgWcLspJOMmZ1dZmaFsOQLvHhQxKuf5M2/cZLsQRMLGoqqbrq7glhwbVz328mtrK6tb+Q3C1vbO7t7xf2Dho4SxbDOIhGpVkA1Ci6xbrgR2IoV0jAQ2AxGt1O/+YRK80g+mHGMfkgHkvc5o8ZKtftuseSW3RnIMvEyUoIM1W7xq9OLWBKiNExQrdueGxs/pcpwJnBS6CQaY8pGdIBtSyUNUfvp7NAJObFKj/QjZUsaMlN/T6Q01HocBrYzpGaoF72p+J/XTkz/2k+5jBODks0X9RNBTESmX5MeV8iMGFtCmeL2VsKGVFFmbDYFG4K3+PIyaZyVvcvyRe28VLnJ4sjDERzDKXhwBRW4gyrUgQHCM7zCm/PovDjvzse8NedkM4fwB87nD6nRjNw=</latexit>

N
<latexit sha1_base64="n8VndHKNp4+G2wx+iZzA8f++XZI=">AAAB8nicbVDLSsNAFL3xWeur6tLNYBFclaT4WhbduJIK9gFpKJPppB06mQkzE6GEfIYbF4q49Wvc+TdO2yy09cCFwzn3cu89YcKZNq777aysrq1vbJa2yts7u3v7lYPDtpapIrRFJJeqG2JNORO0ZZjhtJsoiuOQ0044vp36nSeqNJPi0UwSGsR4KFjECDZW8nuRwiS7z7N63q9U3Zo7A1omXkGqUKDZr3z1BpKkMRWGcKy177mJCTKsDCOc5uVeqmmCyRgPqW+pwDHVQTY7OUenVhmgSCpbwqCZ+nsiw7HWkzi0nTE2I73oTcX/PD810XWQMZGkhgoyXxSlHBmJpv+jAVOUGD6xBBPF7K2IjLBNwdiUyjYEb/HlZdKu17zL2sXDebVxU8RRgmM4gTPw4AoacAdNaAEBCc/wCm+OcV6cd+dj3rriFDNH8AfO5w9o6JFa</latexit>

N

2

<latexit sha1_base64="6a1il+76/Bz1NtMkVsJKpITOQ2Q=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQi8eI5gHJEmYnvcmQ2dl1ZlYISz7BiwdFvPpF3vwbJ8keNFrQUFR1090VJIJr47pfTmFpeWV1rbhe2tjc2t4p7+41dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6nvqtR1Sax/LejBP0IzqQPOSMGivdPfTcXrniVt0ZyF/i5aQCOeq98me3H7M0QmmYoFp3PDcxfkaV4UzgpNRNNSaUjegAO5ZKGqH2s9mpE3JklT4JY2VLGjJTf05kNNJ6HAW2M6JmqBe9qfif10lNeOlnXCapQcnmi8JUEBOT6d+kzxUyI8aWUKa4vZWwIVWUGZtOyYbgLb78lzRPqt559ez2tFK7yuMowgEcwjF4cAE1uIE6NIDBAJ7gBV4d4Tw7b877vLXg5DP78AvOxzcCwo2i</latexit>q0<latexit sha1_base64="kNd3UNMz/2RnnPSdWQcmtCuFhMg=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQi8eI5gHJEmYnvcmQ2dl1ZlYISz7BiwdFvPpF3vwbJ8keNFrQUFR1090VJIJr47pfTmFpeWV1rbhe2tjc2t4p7+41dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6nvqtR1Sax/LejBP0IzqQPOSMGivdPfS8XrniVt0ZyF/i5aQCOeq98me3H7M0QmmYoFp3PDcxfkaV4UzgpNRNNSaUjegAO5ZKGqH2s9mpE3JklT4JY2VLGjJTf05kNNJ6HAW2M6JmqBe9qfif10lNeOlnXCapQcnmi8JUEBOT6d+kzxUyI8aWUKa4vZWwIVWUGZtOyYbgLb78lzRPqt559ez2tFK7yuMowgEcwjF4cAE1uIE6NIDBAJ7gBV4d4Tw7b877vLXg5DP78AvOxzcERo2j</latexit>q1

<latexit sha1_base64="b9hUREE2ZlHx4N/uOzCO4CoIMro=">AAAB8nicbVDLSsNAFL2pr1pfVZduBovgqiTia1l040oq2AekoUymk3boZCbMTIQS8hluXCji1q9x5984bbPQ1gMXDufcy733hAln2rjut1NaWV1b3yhvVra2d3b3qvsHbS1TRWiLSC5VN8SaciZoyzDDaTdRFMchp51wfDv1O09UaSbFo5kkNIjxULCIEWys5PcihUl2n2fneb9ac+vuDGiZeAWpQYFmv/rVG0iSxlQYwrHWvucmJsiwMoxwmld6qaYJJmM8pL6lAsdUB9ns5BydWGWAIqlsCYNm6u+JDMdaT+LQdsbYjPSiNxX/8/zURNdBxkSSGirIfFGUcmQkmv6PBkxRYvjEEkwUs7ciMsI2BWNTqtgQvMWXl0n7rO5d1i8ezmuNmyKOMhzBMZyCB1fQgDtoQgsISHiGV3hzjPPivDsf89aSU8wcwh84nz9r8pFc</latexit>

N

4

<latexit sha1_base64="2zRk1MZyvCQpkcU6cL9ylO1uedw=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHaJryPRi0eM8khgQ2aHBibMzq4zsyZkwyd48aAxXv0ib/6NA+xBwUo6qVR1p7sriAXXxnW/ndzK6tr6Rn6zsLW9s7tX3D9o6ChRDOssEpFqBVSj4BLrhhuBrVghDQOBzWB0M/WbT6g0j+SDGcfoh3QgeZ8zaqx0/9itdIslt+zOQJaJl5ESZKh1i1+dXsSSEKVhgmrd9tzY+ClVhjOBk0In0RhTNqIDbFsqaYjaT2enTsiJVXqkHylb0pCZ+nsipaHW4zCwnSE1Q73oTcX/vHZi+ld+ymWcGJRsvqifCGIiMv2b9LhCZsTYEsoUt7cSNqSKMmPTKdgQvMWXl0mjUvYuyud3Z6XqdRZHHo7gGE7Bg0uowi3UoA4MBvAMr/DmCOfFeXc+5q05J5s5hD9wPn8ABcqNpA==</latexit>q2

<latexit sha1_base64="GQuMYZhMmwPAndQ0tTFN44pZFYg=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQx68ZiAeUCyhNlJbzJmdnaZmRXCki/w4kERr36SN//GSbIHTSxoKKq66e4KEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivV3V6p7FbcGcgy8XJShhy1Xumr249ZGqE0TFCtO56bGD+jynAmcFLsphoTykZ0gB1LJY1Q+9ns0Ak5tUqfhLGyJQ2Zqb8nMhppPY4C2xlRM9SL3lT8z+ukJrzxMy6T1KBk80VhKoiJyfRr0ucKmRFjSyhT3N5K2JAqyozNpmhD8BZfXibN84p3VbmsX5Srt3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDfFmMvg==</latexit>

0
<latexit sha1_base64="Myr3Kcmiy/fK9XQuulchFknRygM=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQiydJwDwgWcLspJOMmZ1dZmaFsOQLvHhQxKuf5M2/cZLsQRMLGoqqbrq7glhwbVz328mtrK6tb+Q3C1vbO7t7xf2Dho4SxbDOIhGpVkA1Ci6xbrgR2IoV0jAQ2AxGt1O/+YRK80g+mHGMfkgHkvc5o8ZKtftuseSW3RnIMvEyUoIM1W7xq9OLWBKiNExQrdueGxs/pcpwJnBS6CQaY8pGdIBtSyUNUfvp7NAJObFKj/QjZUsaMlN/T6Q01HocBrYzpGaoF72p+J/XTkz/2k+5jBODks0X9RNBTESmX5MeV8iMGFtCmeL2VsKGVFFmbDYFG4K3+PIyaZyVvcvyRe28VLnJ4sjDERzDKXhwBRW4gyrUgQHCM7zCm/PovDjvzse8NedkM4fwB87nD6nRjNw=</latexit>

N
<latexit sha1_base64="n8VndHKNp4+G2wx+iZzA8f++XZI=">AAAB8nicbVDLSsNAFL3xWeur6tLNYBFclaT4WhbduJIK9gFpKJPppB06mQkzE6GEfIYbF4q49Wvc+TdO2yy09cCFwzn3cu89YcKZNq777aysrq1vbJa2yts7u3v7lYPDtpapIrRFJJeqG2JNORO0ZZjhtJsoiuOQ0044vp36nSeqNJPi0UwSGsR4KFjECDZW8nuRwiS7z7N63q9U3Zo7A1omXkGqUKDZr3z1BpKkMRWGcKy177mJCTKsDCOc5uVeqmmCyRgPqW+pwDHVQTY7OUenVhmgSCpbwqCZ+nsiw7HWkzi0nTE2I73oTcX/PD810XWQMZGkhgoyXxSlHBmJpv+jAVOUGD6xBBPF7K2IjLBNwdiUyjYEb/HlZdKu17zL2sXDebVxU8RRgmM4gTPw4AoacAdNaAEBCc/wCm+OcV6cd+dj3rriFDNH8AfO5w9o6JFa</latexit>

N

2

<latexit sha1_base64="kNd3UNMz/2RnnPSdWQcmtCuFhMg=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQi8eI5gHJEmYnvcmQ2dl1ZlYISz7BiwdFvPpF3vwbJ8keNFrQUFR1090VJIJr47pfTmFpeWV1rbhe2tjc2t4p7+41dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6nvqtR1Sax/LejBP0IzqQPOSMGivdPfS8XrniVt0ZyF/i5aQCOeq98me3H7M0QmmYoFp3PDcxfkaV4UzgpNRNNSaUjegAO5ZKGqH2s9mpE3JklT4JY2VLGjJTf05kNNJ6HAW2M6JmqBe9qfif10lNeOlnXCapQcnmi8JUEBOT6d+kzxUyI8aWUKa4vZWwIVWUGZtOyYbgLb78lzRPqt559ez2tFK7yuMowgEcwjF4cAE1uIE6NIDBAJ7gBV4d4Tw7b877vLXg5DP78AvOxzcERo2j</latexit>q1

<latexit sha1_base64="3O+BVQkoTqK4daBnl/rcaKHtTwY=">AAAB7nicbVDLSgNBEOzxGeMr6tHLYBA8hd3g6yIEvXiMYB6QLMvsZDYZMju7mZkVwpKP8OJBEa9+jzf/xkmyB00saCiquunuChLBtXGcb7Syura+sVnYKm7v7O7tlw4OmzpOFWUNGotYtQOimeCSNQw3grUTxUgUCNYKhndTv/XElOaxfDTjhHkR6UseckqMlVojv3oz8h2/VHYqzgx4mbg5KUOOul/66vZimkZMGiqI1h3XSYyXEWU4FWxS7KaaJYQOSZ91LJUkYtrLZudO8KlVejiMlS1p8Ez9PZGRSOtxFNjOiJiBXvSm4n9eJzXhtZdxmaSGSTpfFKYCmxhPf8c9rhg1YmwJoYrbWzEdEEWosQkVbQju4svLpFmtuJeVi4fzcu02j6MAx3ACZ+DCFdTgHurQAApDeIZXeEMJekHv6GPeuoLymSP4A/T5A4AIjwk=</latexit>q2 = q0

<latexit sha1_base64="/9Z4mOkPEIAd3oPYUsufUSOJ9K4=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiRaH8uiG1dSwT6gCWUynbRDJ5MwMxFKyG+4caGIW3/GnX/jNM1CWw9cOJxzL/fe48ecKW3b31ZpZXVtfaO8Wdna3tndq+4fdFSUSELbJOKR7PlYUc4EbWumOe3FkuLQ57TrT25nfveJSsUi8ainMfVCPBIsYARrI7luIDFJz++ztJENqjW7budAy8QpSA0KtAbVL3cYkSSkQhOOleo7dqy9FEvNCKdZxU0UjTGZ4BHtGypwSJWX5jdn6MQoQxRE0pTQKFd/T6Q4VGoa+qYzxHqsFr2Z+J/XT3Rw7aVMxImmgswXBQlHOkKzANCQSUo0nxqCiWTmVkTG2MSgTUwVE4Kz+PIy6ZzVncv6xUOj1rwp4ijDERzDKThwBU24gxa0gUAMz/AKb1ZivVjv1se8tWQVM4fwB9bnD+GokZk=</latexit>

3N

4

<latexit sha1_base64="IBSVAjirouzebXSxTK7y5z0W09E=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHZ9H4lePGKURwIbMjs0MGF2dp2ZNSEbPsGLB43x6hd5828cYA8KVtJJpao73V1BLLg2rvvt5JaWV1bX8uuFjc2t7Z3i7l5dR4liWGORiFQzoBoFl1gz3AhsxgppGAhsBMObid94QqV5JB/MKEY/pH3Je5xRY6X7x85pp1hyy+4UZJF4GSlBhmqn+NXuRiwJURomqNYtz42Nn1JlOBM4LrQTjTFlQ9rHlqWShqj9dHrqmBxZpUt6kbIlDZmqvydSGmo9CgPbGVIz0PPeRPzPayWmd+WnXMaJQclmi3qJICYik79JlytkRowsoUxxeythA6ooMzadgg3Bm395kdRPyt5F+fzurFS5zuLIwwEcwjF4cAkVuIUq1IBBH57hFd4c4bw4787HrDXnZDP78AfO5w8HTo2l</latexit>q3

must contain malicious user

may contain honest user



Hesitant Binary Search

May have moved!

<latexit sha1_base64="GQuMYZhMmwPAndQ0tTFN44pZFYg=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQx68ZiAeUCyhNlJbzJmdnaZmRXCki/w4kERr36SN//GSbIHTSxoKKq66e4KEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivV3V6p7FbcGcgy8XJShhy1Xumr249ZGqE0TFCtO56bGD+jynAmcFLsphoTykZ0gB1LJY1Q+9ns0Ak5tUqfhLGyJQ2Zqb8nMhppPY4C2xlRM9SL3lT8z+ukJrzxMy6T1KBk80VhKoiJyfRr0ucKmRFjSyhT3N5K2JAqyozNpmhD8BZfXibN84p3VbmsX5Srt3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDfFmMvg==</latexit>

0
<latexit sha1_base64="Myr3Kcmiy/fK9XQuulchFknRygM=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQiydJwDwgWcLspJOMmZ1dZmaFsOQLvHhQxKuf5M2/cZLsQRMLGoqqbrq7glhwbVz328mtrK6tb+Q3C1vbO7t7xf2Dho4SxbDOIhGpVkA1Ci6xbrgR2IoV0jAQ2AxGt1O/+YRK80g+mHGMfkgHkvc5o8ZKtftuseSW3RnIMvEyUoIM1W7xq9OLWBKiNExQrdueGxs/pcpwJnBS6CQaY8pGdIBtSyUNUfvp7NAJObFKj/QjZUsaMlN/T6Q01HocBrYzpGaoF72p+J/XTkz/2k+5jBODks0X9RNBTESmX5MeV8iMGFtCmeL2VsKGVFFmbDYFG4K3+PIyaZyVvcvyRe28VLnJ4sjDERzDKXhwBRW4gyrUgQHCM7zCm/PovDjvzse8NedkM4fwB87nD6nRjNw=</latexit>

N
<latexit sha1_base64="n8VndHKNp4+G2wx+iZzA8f++XZI=">AAAB8nicbVDLSsNAFL3xWeur6tLNYBFclaT4WhbduJIK9gFpKJPppB06mQkzE6GEfIYbF4q49Wvc+TdO2yy09cCFwzn3cu89YcKZNq777aysrq1vbJa2yts7u3v7lYPDtpapIrRFJJeqG2JNORO0ZZjhtJsoiuOQ0044vp36nSeqNJPi0UwSGsR4KFjECDZW8nuRwiS7z7N63q9U3Zo7A1omXkGqUKDZr3z1BpKkMRWGcKy177mJCTKsDCOc5uVeqmmCyRgPqW+pwDHVQTY7OUenVhmgSCpbwqCZ+nsiw7HWkzi0nTE2I73oTcX/PD810XWQMZGkhgoyXxSlHBmJpv+jAVOUGD6xBBPF7K2IjLBNwdiUyjYEb/HlZdKu17zL2sXDebVxU8RRgmM4gTPw4AoacAdNaAEBCc/wCm+OcV6cd+dj3rriFDNH8AfO5w9o6JFa</latexit>

N

2

<latexit sha1_base64="/9Z4mOkPEIAd3oPYUsufUSOJ9K4=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiRaH8uiG1dSwT6gCWUynbRDJ5MwMxFKyG+4caGIW3/GnX/jNM1CWw9cOJxzL/fe48ecKW3b31ZpZXVtfaO8Wdna3tndq+4fdFSUSELbJOKR7PlYUc4EbWumOe3FkuLQ57TrT25nfveJSsUi8ainMfVCPBIsYARrI7luIDFJz++ztJENqjW7budAy8QpSA0KtAbVL3cYkSSkQhOOleo7dqy9FEvNCKdZxU0UjTGZ4BHtGypwSJWX5jdn6MQoQxRE0pTQKFd/T6Q4VGoa+qYzxHqsFr2Z+J/XT3Rw7aVMxImmgswXBQlHOkKzANCQSUo0nxqCiWTmVkTG2MSgTUwVE4Kz+PIy6ZzVncv6xUOj1rwp4ijDERzDKThwBU24gxa0gUAMz/AKb1ZivVjv1se8tWQVM4fwB9bnD+GokZk=</latexit>

3N

4

<latexit sha1_base64="IBSVAjirouzebXSxTK7y5z0W09E=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHZ9H4lePGKURwIbMjs0MGF2dp2ZNSEbPsGLB43x6hd5828cYA8KVtJJpao73V1BLLg2rvvt5JaWV1bX8uuFjc2t7Z3i7l5dR4liWGORiFQzoBoFl1gz3AhsxgppGAhsBMObid94QqV5JB/MKEY/pH3Je5xRY6X7x85pp1hyy+4UZJF4GSlBhmqn+NXuRiwJURomqNYtz42Nn1JlOBM4LrQTjTFlQ9rHlqWShqj9dHrqmBxZpUt6kbIlDZmqvydSGmo9CgPbGVIz0PPeRPzPayWmd+WnXMaJQclmi3qJICYik79JlytkRowsoUxxeythA6ooMzadgg3Bm395kdRPyt5F+fzurFS5zuLIwwEcwjF4cAkVuIUq1IBBH57hFd4c4bw4787HrDXnZDP78AfO5w8HTo2l</latexit>q3

My not find jump in
<latexit sha1_base64="mp5HJbh0h6M7IGX8IiqyW/kwTbc=">AAACDnicbZDLSgMxFIYzXmu9jbp0EywFF1Jmar0si25cSQV7gc5QMmmmDc1cSM4IZZgncOOruHGhiFvX7nwb03YW2vpD4Mt/ziE5vxcLrsCyvo2l5ZXVtfXCRnFza3tn19zbb6kokZQ1aSQi2fGIYoKHrAkcBOvEkpHAE6ztja4n9fYDk4pH4T2MY+YGZBByn1MC2uqZZUcwH7qOLwlNb7O0mp3M+FRfapkj+WAIbs8sWRVrKrwIdg4llKvRM7+cfkSTgIVABVGqa1sxuCmRwKlgWdFJFIsJHZEB62oMScCUm07XyXBZO33sR1KfEPDU/T2RkkCpceDpzoDAUM3XJuZ/tW4C/qWb8jBOgIV09pCfCAwRnmSD+1wyCmKsgVDJ9V8xHRKdBugEizoEe37lRWhVK/Z55eyuVqpf5XEU0CE6QsfIRheojm5QAzURRY/oGb2iN+PJeDHejY9Z65KRzxygPzI+fwDAlZyR</latexit>
N

2
,
3N

4

�must contain malicious user

may contain honest user



Hesitant Binary Search

<latexit sha1_base64="GQuMYZhMmwPAndQ0tTFN44pZFYg=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQx68ZiAeUCyhNlJbzJmdnaZmRXCki/w4kERr36SN//GSbIHTSxoKKq66e4KEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivV3V6p7FbcGcgy8XJShhy1Xumr249ZGqE0TFCtO56bGD+jynAmcFLsphoTykZ0gB1LJY1Q+9ns0Ak5tUqfhLGyJQ2Zqb8nMhppPY4C2xlRM9SL3lT8z+ukJrzxMy6T1KBk80VhKoiJyfRr0ucKmRFjSyhT3N5K2JAqyozNpmhD8BZfXibN84p3VbmsX5Srt3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kDfFmMvg==</latexit>

0
<latexit sha1_base64="Myr3Kcmiy/fK9XQuulchFknRygM=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQiydJwDwgWcLspJOMmZ1dZmaFsOQLvHhQxKuf5M2/cZLsQRMLGoqqbrq7glhwbVz328mtrK6tb+Q3C1vbO7t7xf2Dho4SxbDOIhGpVkA1Ci6xbrgR2IoV0jAQ2AxGt1O/+YRK80g+mHGMfkgHkvc5o8ZKtftuseSW3RnIMvEyUoIM1W7xq9OLWBKiNExQrdueGxs/pcpwJnBS6CQaY8pGdIBtSyUNUfvp7NAJObFKj/QjZUsaMlN/T6Q01HocBrYzpGaoF72p+J/XTkz/2k+5jBODks0X9RNBTESmX5MeV8iMGFtCmeL2VsKGVFFmbDYFG4K3+PIyaZyVvcvyRe28VLnJ4sjDERzDKXhwBRW4gyrUgQHCM7zCm/PovDjvzse8NedkM4fwB87nD6nRjNw=</latexit>

N
<latexit sha1_base64="/9Z4mOkPEIAd3oPYUsufUSOJ9K4=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiRaH8uiG1dSwT6gCWUynbRDJ5MwMxFKyG+4caGIW3/GnX/jNM1CWw9cOJxzL/fe48ecKW3b31ZpZXVtfaO8Wdna3tndq+4fdFSUSELbJOKR7PlYUc4EbWumOe3FkuLQ57TrT25nfveJSsUi8ainMfVCPBIsYARrI7luIDFJz++ztJENqjW7budAy8QpSA0KtAbVL3cYkSSkQhOOleo7dqy9FEvNCKdZxU0UjTGZ4BHtGypwSJWX5jdn6MQoQxRE0pTQKFd/T6Q4VGoa+qYzxHqsFr2Z+J/XT3Rw7aVMxImmgswXBQlHOkKzANCQSUo0nxqCiWTmVkTG2MSgTUwVE4Kz+PIy6ZzVncv6xUOj1rwp4ijDERzDKThwBU24gxa0gUAMz/AKb1ZivVjv1se8tWQVM4fwB9bnD+GokZk=</latexit>

3N

4

<latexit sha1_base64="IBSVAjirouzebXSxTK7y5z0W09E=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHZ9H4lePGKURwIbMjs0MGF2dp2ZNSEbPsGLB43x6hd5828cYA8KVtJJpao73V1BLLg2rvvt5JaWV1bX8uuFjc2t7Z3i7l5dR4liWGORiFQzoBoFl1gz3AhsxgppGAhsBMObid94QqV5JB/MKEY/pH3Je5xRY6X7x85pp1hyy+4UZJF4GSlBhmqn+NXuRiwJURomqNYtz42Nn1JlOBM4LrQTjTFlQ9rHlqWShqj9dHrqmBxZpUt6kbIlDZmqvydSGmo9CgPbGVIz0PPeRPzPayWmd+WnXMaJQclmi3qJICYik79JlytkRowsoUxxeythA6ooMzadgg3Bm395kdRPyt5F+fzurFS5zuLIwwEcwjF4cAkVuIUq1IBBH57hFd4c4bw4787HrDXnZDP78AfO5w8HTo2l</latexit>q3

<latexit sha1_base64="p3XrSrH/eHaTzUvLKi9iCi6dzFI=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiQ+uyy6cSUV7AOaUCbTSTt0MgkzE6GE/IYbF4q49Wfc+TdO0yy09cCFwzn3cu89fsyZ0rb9bZVWVtfWN8qbla3tnd296v5BR0WJJLRNIh7Jno8V5UzQtmaa014sKQ59Trv+5Hbmd5+oVCwSj3oaUy/EI8ECRrA2kusGEpP0/D5LG9mgWrPrdg60TJyC1KBAa1D9cocRSUIqNOFYqb5jx9pLsdSMcJpV3ETRGJMJHtG+oQKHVHlpfnOGTowyREEkTQmNcvX3RIpDpaahbzpDrMdq0ZuJ/3n9RAcNL2UiTjQVZL4oSDjSEZoFgIZMUqL51BBMJDO3IjLGJgZtYqqYEJzFl5dJ56zuXNUvHy5qzZsijjIcwTGcggPX0IQ7aEEbCMTwDK/wZiXWi/VufcxbS1Yxcwh/YH3+AOe8kZ0=</latexit>
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<latexit sha1_base64="kWdU7Lkm9Q/WkmxOyc/grSUKdEA=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHYNPo5ELx4xyiOBDZkdGpgwO7vOzJqQDZ/gxYPGePWLvPk3DrAHBSvppFLVne6uIBZcG9f9dnIrq2vrG/nNwtb2zu5ecf+goaNEMayzSESqFVCNgkusG24EtmKFNAwENoPRzdRvPqHSPJIPZhyjH9KB5H3OqLHS/WO30i2W3LI7A1kmXkZKkKHWLX51ehFLQpSGCap123Nj46dUGc4ETgqdRGNM2YgOsG2ppCFqP52dOiEnVumRfqRsSUNm6u+JlIZaj8PAdobUDPWiNxX/89qJ6V/5KZdxYlCy+aJ+IoiJyPRv0uMKmRFjSyhT3N5K2JAqyoxNp2BD8BZfXiaNs7J3UT6/q5Sq11kceTiCYzgFDy6hCrdQgzowGMAzvMKbI5wX5935mLfmnGzmEP7A+fwBCNKNpg==</latexit>q4

must contain malicious user

may contain honest user

Recurse on entire interval to left of query



Thm: Alg finds malicious user in                               steps

                            upper bound on #(malicious users)

<latexit sha1_base64="IdfiC8X4OrKRl10981a2/3txnB8=">AAAB83icbVDLSgNBEOz1GeMr6tHLYBDiJewGX8egF08awTwgu4bZySQZMjuzzMwKYclvePGgiFd/xpt/4yTZgyYWNBRV3XR3hTFn2rjut7O0vLK6tp7byG9ube/sFvb2G1omitA6kVyqVog15UzQumGG01asKI5CTpvh8HriN5+o0kyKBzOKaRDhvmA9RrCxkn9XGvpc9h8r6PakUyi6ZXcKtEi8jBQhQ61T+PK7kiQRFYZwrHXbc2MTpFgZRjgd5/1E0xiTIe7TtqUCR1QH6fTmMTq2Shf1pLIlDJqqvydSHGk9ikLbGWEz0PPeRPzPayemdxmkTMSJoYLMFvUSjoxEkwBQlylKDB9Zgoli9lZEBlhhYmxMeRuCN//yImlUyt55+ez+tFi9yuLIwSEcQQk8uIAq3EAN6kAghmd4hTcncV6cd+dj1rrkZDMH8AfO5w9pHZCj</latexit>

O(k log2 N)
<latexit sha1_base64="0W5NzQ0i3OfO0UHKDE3uOdTMf98=">AAAB6XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr4sQ9OIxinlAsoTZSW8yZHZ2mZkVwpI/8OJBEa/+kTf/xkmyB40WNBRV3XR3BYng2rjul1NYWl5ZXSuulzY2t7Z3yrt7TR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWMbqZ+6xGV5rF8MOME/YgOJA85o8ZK96OrXrniVt0ZyF/i5aQCOeq98me3H7M0QmmYoFp3PDcxfkaV4UzgpNRNNSaUjegAO5ZKGqH2s9mlE3JklT4JY2VLGjJTf05kNNJ6HAW2M6JmqBe9qfif10lNeOlnXCapQcnmi8JUEBOT6dukzxUyI8aWUKa4vZWwIVWUGRtOyYbgLb78lzRPqt559ezutFK7zuMowgEcwjF4cAE1uIU6NIBBCE/wAq/OyHl23pz3eWvByWf24Recj29Xl41A</latexit>

k =

Compare to classical binary search:
 

<latexit sha1_base64="8H+7d8YuWYCfeTKW3lxVRAVoDa0=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoMQL2FXfB2DXjxpBPPAZAmzk9lkyOzMMjMrhCV/4cWDIl79G2/+jZNkD5pY0FBUddPdFcScaeO6305uaXlldS2/XtjY3NreKe7uNbRMFKF1IrlUrQBrypmgdcMMp61YURwFnDaD4fXEbz5RpZkUD2YUUz/CfcFCRrCx0uNdedjhso9uj7vFkltxp0CLxMtICTLUusWvTk+SJKLCEI61bntubPwUK8MIp+NCJ9E0xmSI+7RtqcAR1X46vXiMjqzSQ6FUtoRBU/X3RIojrUdRYDsjbAZ63puI/3ntxISXfspEnBgqyGxRmHBkJJq8j3pMUWL4yBJMFLO3IjLAChNjQyrYELz5lxdJ46TinVfO7k9L1assjjwcwCGUwYMLqMIN1KAOBAQ8wyu8Odp5cd6dj1lrzslm9uEPnM8fPdKP/w==</latexit>

O(k logN)
[Boyle-Chung-Pass’14, Nishimaki-Wichs-Z’16]



Results

Embedded identity collusion-resistant traitor tracing against quantum decoders
• iO ⟹ optimal params
• PKE ⟹

<latexit sha1_base64="+RqbV+Fop2vuf5a2eMTH349uhJg=">AAACGHicbVDLSsNAFJ34rPUVdekmWIR2UxPxtRGKblxWsA9oQplMJ+3QySTMTISQ5jPc+CtuXCjitjv/xkkaQVsvDJx7zr137j1uSImQpvmlLS2vrK6tlzbKm1vbO7v63n5bBBFHuIUCGvCuCwWmhOGWJJLibsgx9F2KO+74NtM7j5gLErAHGYfY8eGQEY8gKBXV108mtg/lSHhJCDn0RTq5trMkoHFatSvVHzUSakhaq/X1ilk38zAWgVWACiii2den9iBAkY+ZRBQK0bPMUDoJ5JIgitOyrSaHEI3hEPcUZNDHwknyw1LjWDEDwwu4ekwaOfu7I1Ebi9h3VWW+57yWkf9pvUh6V05CWBhJzNDsIy+ihgyMzCVjQDhGksYKQMSJ2tVAI2UQksqGsjLBmj95EbRP69ZF/fz+rNK4KewogUNwBKrAApegAe5AE7QAAk/gBbyBd+1Ze9U+tM9Z6ZJW9ByAP6FNvwFgUaE2</latexit>

|params| = poly(#(users))



Results

iO ⟹ diO w/ quantum auxiliary input for poly-many differing inputs 

Embedded identity collusion-resistant traitor tracing against quantum decoders
• iO ⟹ optimal params
• PKE ⟹

<latexit sha1_base64="+RqbV+Fop2vuf5a2eMTH349uhJg=">AAACGHicbVDLSsNAFJ34rPUVdekmWIR2UxPxtRGKblxWsA9oQplMJ+3QySTMTISQ5jPc+CtuXCjitjv/xkkaQVsvDJx7zr137j1uSImQpvmlLS2vrK6tlzbKm1vbO7v63n5bBBFHuIUCGvCuCwWmhOGWJJLibsgx9F2KO+74NtM7j5gLErAHGYfY8eGQEY8gKBXV108mtg/lSHhJCDn0RTq5trMkoHFatSvVHzUSakhaq/X1ilk38zAWgVWACiii2den9iBAkY+ZRBQK0bPMUDoJ5JIgitOyrSaHEI3hEPcUZNDHwknyw1LjWDEDwwu4ekwaOfu7I1Ebi9h3VWW+57yWkf9pvUh6V05CWBhJzNDsIy+ihgyMzCVjQDhGksYKQMSJ2tVAI2UQksqGsjLBmj95EbRP69ZF/fz+rNK4KewogUNwBKrAApegAe5AE7QAAk/gBbyBd+1Ze9U+tM9Z6ZJW9ByAP6FNvwFgUaE2</latexit>

|params| = poly(#(users))



Results

iO ⟹ diO w/ quantum auxiliary input for poly-many differing inputs 

Embedded identity collusion-resistant traitor tracing against quantum decoders
• iO ⟹ optimal params
• PKE ⟹

<latexit sha1_base64="+RqbV+Fop2vuf5a2eMTH349uhJg=">AAACGHicbVDLSsNAFJ34rPUVdekmWIR2UxPxtRGKblxWsA9oQplMJ+3QySTMTISQ5jPc+CtuXCjitjv/xkkaQVsvDJx7zr137j1uSImQpvmlLS2vrK6tlzbKm1vbO7v63n5bBBFHuIUCGvCuCwWmhOGWJJLibsgx9F2KO+74NtM7j5gLErAHGYfY8eGQEY8gKBXV108mtg/lSHhJCDn0RTq5trMkoHFatSvVHzUSakhaq/X1ilk38zAWgVWACiii2den9iBAkY+ZRBQK0bPMUDoJ5JIgitOyrSaHEI3hEPcUZNDHwknyw1LjWDEDwwu4ekwaOfu7I1Ebi9h3VWW+57yWkf9pvUh6V05CWBhJzNDsIy+ihgyMzCVjQDhGksYKQMSJ2tVAI2UQksqGsjLBmj95EbRP69ZF/fz+rNK4KewogUNwBKrAApegAe5AE7QAAk/gBbyBd+1Ze9U+tM9Z6ZJW9ByAP6FNvwFgUaE2</latexit>

|params| = poly(#(users))

PKE ⟹ col-res. TT against quantum decoders, 
PKE ⟹ bounded collusion TT against quantum decoders,

<latexit sha1_base64="VzPEABRLZbVYMttl6MH+ruSaB4c="></latexit>

|ctxt| = O(1), |pk| = |sk| = poly(#(users))
<latexit sha1_base64="elgFGDsgtqIC6CSihSHKOrk2Wuc=">AAACI3icbVDLS8MwHE7na85X1aOX4hDmZbTiC0UYevE4wT1gKyNN0y0sTUqSCqPr/+LFf8WLB2V48eD/YrZV0c0PAl++3/vzIkqksu0PI7ewuLS8kl8trK1vbG6Z2zt1yWOBcA1xykXTgxJTwnBNEUVxMxIYhh7FDa9/M443HrCQhLN7NYiwG8IuIwFBUGmpY14M2yFUPRkkERQwlOnw6kfgdJCWvn96FI3HbdqXHo+Znx52zKJdtiew5omTkSLIUO2Yo7bPURxiphCFUrYcO1JuAoUiiOK00I4ljiDqwy5uacpgiKWbTG5MrQOt+FbAhX5MWRP1d0Wil5eD0NOZk41nY2Pxv1grVsG5mxAWxQozNB0UxNRS3BobZvlEYKToQBOIBNG7WqinvUJK21rQJjizJ8+T+lHZOS2f3B0XK9eZHXmwB/ZBCTjgDFTALaiCGkDgETyDV/BmPBkvxsh4n6bmjKxmF/yB8fkFzumm0w==</latexit>

|params| = poly(collusion bound)

Develop hesitant algorithms for fingerprinting code-based traitor tracing
[Chor-Fiat-Naor-Pinkas’94,Boneh-Naor’08,Sirvent’08, Billet-Phan’08]



Thanks!


