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• What is the ith character?


• What is the substring at [i,j]?

Random Access in Compressed Data

Data



• Random access in persistent strings problem:  Compactly represent a version 
tree with n nodes to support

• access(v, j): return S(v)[j]

Persistent Strings

v1

<latexit sha1_base64="zd6z1iDvEy/5BQvvTe7N2MlaejU=">AAAB6nicbZDLSgMxFIbP1Futt6pLN8EiuCozpaDLghuXLdoLtEPJpJk2NJMMSaZQhj6CC11UxK3gu7h0J76M6WWhrT8EPv7/HHLOCWLOtHHdLyezsbm1vZPdze3tHxwe5Y9PGlomitA6kVyqVoA15UzQumGG01asKI4CTpvB8GaWN0dUaSbFvRnH1I9wX7CQEWysdTfqet18wS26c6F18JZQqGzXvj+mj+/Vbv6z05MkiagwhGOt254bGz/FyjDC6STXSTSNMRniPm1bFDii2k/no07QhXV6KJTKPmHQ3P3dkeJI63EU2MoIm4FezWbmf1k7MeG1nzIRJ4YKsvgoTDgyEs32Rj2mKDF8bAETxeysiAywwsTY6+TsEbzVldehUSp65WK55hUqJVgoC2dwDpfgwRVU4BaqUAcCfXiAKTw73HlyXpzXRWnGWfacwh85bz9xx5Gc</latexit>

v0

<latexit sha1_base64="J4YQHrg5ZFucNnhWTVOP42yGqkw=">AAAB6nicbZDLSgMxFIbP1Futt6pLN8EiuCozpaDLghuXLdoLtEPJpJk2NJMMSaZQhj6CC11UxK3gu7h0J76M6WWhrT8EPv7/HHLOCWLOtHHdLyezsbm1vZPdze3tHxwe5Y9PGlomitA6kVyqVoA15UzQumGG01asKI4CTpvB8GaWN0dUaSbFvRnH1I9wX7CQEWysdTfqut18wS26c6F18JZQqGzXvj+mj+/Vbv6z05MkiagwhGOt254bGz/FyjDC6STXSTSNMRniPm1bFDii2k/no07QhXV6KJTKPmHQ3P3dkeJI63EU2MoIm4FezWbmf1k7MeG1nzIRJ4YKsvgoTDgyEs32Rj2mKDF8bAETxeysiAywwsTY6+TsEbzVldehUSp65WK55hUqJVgoC2dwDpfgwRVU4BaqUAcCfXiAKTw73HlyXpzXRWnGWfacwh85bz9wQ5Gb</latexit>

v2

<latexit sha1_base64="50ThIJ8Edtg1dDGoNmW+rrWPy/I=">AAAB6nicbZDLSgMxFIZP6q3WW9Wlm2ARXJWZUtBlwY3LFu0F2qFk0kwbmskMSaZQhj6CC11UxK3gu7h0J76M6WWhrT8EPv7/HHLO8WPBtXGcL5TZ2Nza3snu5vb2Dw6P8scnDR0lirI6jUSkWj7RTHDJ6oYbwVqxYiT0BWv6w5tZ3hwxpXkk7804Zl5I+pIHnBJjrbtRt9TNF5yiMxdeB3cJhcp27ftj+vhe7eY/O72IJiGThgqiddt1YuOlRBlOBZvkOolmMaFD0mdti5KETHvpfNQJvrBODweRsk8aPHd/d6Qk1Hoc+rYyJGagV7OZ+V/WTkxw7aVcxolhki4+ChKBTYRne+MeV4waMbZAqOJ2VkwHRBFq7HVy9gju6srr0CgV3XKxXHMLlRIslIUzOIdLcOEKKnALVagDhT48wBSekUBP6AW9LkozaNlzCn+E3n4Ac0uRnQ==</latexit>

insert(0,a)

<latexit sha1_base64="yBh87/CJQOoBi82MXxtp4yx9jwo=">AAAB/XicbVDJSgNBEO2JW4zbuNy8DAYhgoSZENFjwIvHCGaBZAg9nZqkSc9Cd40Yh+CvePGgiFf/w5t/YyeZgyY+KHi8V0VVPS8WXKFtfxu5ldW19Y38ZmFre2d3z9w/aKookQwaLBKRbHtUgeAhNJCjgHYsgQaegJY3up76rXuQikfhHY5jcAM6CLnPGUUt9cyjLsIDKj/loQKJJfucnk16ZtEu2zNYy8TJSJFkqPfMr24/YkkAITJBleo4doxuSiVyJmBS6CYKYspGdAAdTUMagHLT2fUT61QrfcuPpK4QrZn6eyKlgVLjwNOdAcWhWvSm4n9eJ0H/ytWPxQlCyOaL/ERYGFnTKKw+l8BQjDWhTHJ9q8WGVFKGOrCCDsFZfHmZNCtlp1q+uK0Wa5Usjjw5JiekRBxySWrkhtRJgzDySJ7JK3kznowX4934mLfmjGzmkPyB8fkDMXCVAA==</latexit>

insert(1,c)

<latexit sha1_base64="AuPziuucA78C98uR7hPjS7qSzok=">AAAB/XicbVDJSgNBEO2JW4zbuNy8DAYhgoSZENFjwIvHCGaBZAg9nZqkSc9Cd40Yh+CvePGgiFf/w5t/YyeZgyY+KHi8V0VVPS8WXKFtfxu5ldW19Y38ZmFre2d3z9w/aKookQwaLBKRbHtUgeAhNJCjgHYsgQaegJY3up76rXuQikfhHY5jcAM6CLnPGUUt9cyjLsIDKj/loQKJJeecnU16ZtEu2zNYy8TJSJFkqPfMr24/YkkAITJBleo4doxuSiVyJmBS6CYKYspGdAAdTUMagHLT2fUT61QrfcuPpK4QrZn6eyKlgVLjwNOdAcWhWvSm4n9eJ0H/ytWPxQlCyOaL/ERYGFnTKKw+l8BQjDWhTHJ9q8WGVFKGOrCCDsFZfHmZNCtlp1q+uK0Wa5Usjjw5JiekRBxySWrkhtRJgzDySJ7JK3kznowX4934mLfmjGzmkPyB8fkDNgSVAw==</latexit>

delete(1)

<latexit sha1_base64="bLXrMP3JDzWXFVZpyuBdcb9N8BQ=">AAAB+3icbVBNS8NAEN3Ur1q/Yj16CRahXkpSKnosePFYwX5AG8pmM2mXbj7YnUhL6F/x4kERr/4Rb/4bt20O2vpg4PHeDDPzvERwhbb9bRS2tnd294r7pYPDo+MT87TcUXEqGbRZLGLZ86gCwSNoI0cBvUQCDT0BXW9yt/C7TyAVj6NHnCXghnQU8YAziloamuUBwhRVkPkgAKHqXM2HZsWu2UtYm8TJSYXkaA3Nr4EfszSECJmgSvUdO0E3oxI5EzAvDVIFCWUTOoK+phENQbnZ8va5dakV3wpiqStCa6n+nshoqNQs9HRnSHGs1r2F+J/XTzG4dTMeJSlCxFaLglRYGFuLICyfS2AoZppQJrm+1WJjKilDHVdJh+Csv7xJOvWa06hdPzQqzXoeR5GckwtSJQ65IU1yT1qkTRiZkmfySt6MufFivBsfq9aCkc+ckT8wPn8A0G6UPg==</latexit>

insert(1,b)

<latexit sha1_base64="Xl7jFHZLu9Re/LrFNqJdBku7sUw=">AAAB/XicbVDJSgNBEO2JW4zbuNy8DAYhgoSZENFjwIvHCGaBZAg9nZqkSc9Cd40Yh+CvePGgiFf/w5t/YyeZgyY+KHi8V0VVPS8WXKFtfxu5ldW19Y38ZmFre2d3z9w/aKookQwaLBKRbHtUgeAhNJCjgHYsgQaegJY3up76rXuQikfhHY5jcAM6CLnPGUUt9cyjLsIDKj/loQKJJefcO5v0zKJdtmewlomTkSLJUO+ZX91+xJIAQmSCKtVx7BjdlErkTMCk0E0UxJSN6AA6moY0AOWms+sn1qlW+pYfSV0hWjP190RKA6XGgac7A4pDtehNxf+8ToL+lasfixOEkM0X+YmwMLKmUVh9LoGhGGtCmeT6VosNqaQMdWAFHYKz+PIyaVbKTrV8cVst1ipZHHlyTE5IiTjkktTIDamTBmHkkTyTV/JmPBkvxrvxMW/NGdnMIfkD4/MHNH6VAg==</latexit>

insert(1,b)

<latexit sha1_base64="Xl7jFHZLu9Re/LrFNqJdBku7sUw=">AAAB/XicbVDJSgNBEO2JW4zbuNy8DAYhgoSZENFjwIvHCGaBZAg9nZqkSc9Cd40Yh+CvePGgiFf/w5t/YyeZgyY+KHi8V0VVPS8WXKFtfxu5ldW19Y38ZmFre2d3z9w/aKookQwaLBKRbHtUgeAhNJCjgHYsgQaegJY3up76rXuQikfhHY5jcAM6CLnPGUUt9cyjLsIDKj/loQKJJefcO5v0zKJdtmewlomTkSLJUO+ZX91+xJIAQmSCKtVx7BjdlErkTMCk0E0UxJSN6AA6moY0AOWms+sn1qlW+pYfSV0hWjP190RKA6XGgac7A4pDtehNxf+8ToL+lasfixOEkM0X+YmwMLKmUVh9LoGhGGtCmeT6VosNqaQMdWAFHYKz+PIyaVbKTrV8cVst1ipZHHlyTE5IiTjkktTIDamTBmHkkTyTV/JmPBkvxrvxMW/NGdnMIfkD4/MHNH6VAg==</latexit>

insert(1,c)

<latexit sha1_base64="AuPziuucA78C98uR7hPjS7qSzok=">AAAB/XicbVDJSgNBEO2JW4zbuNy8DAYhgoSZENFjwIvHCGaBZAg9nZqkSc9Cd40Yh+CvePGgiFf/w5t/YyeZgyY+KHi8V0VVPS8WXKFtfxu5ldW19Y38ZmFre2d3z9w/aKookQwaLBKRbHtUgeAhNJCjgHYsgQaegJY3up76rXuQikfhHY5jcAM6CLnPGUUt9cyjLsIDKj/loQKJJeecnU16ZtEu2zNYy8TJSJFkqPfMr24/YkkAITJBleo4doxuSiVyJmBS6CYKYspGdAAdTUMagHLT2fUT61QrfcuPpK4QrZn6eyKlgVLjwNOdAcWhWvSm4n9eJ0H/ytWPxQlCyOaL/ERYGFnTKKw+l8BQjDWhTHJ9q8WGVFKGOrCCDsFZfHmZNCtlp1q+uK0Wa5Usjjw5JiekRBxySWrkhtRJgzDySJ7JK3kznowX4934mLfmjGzmkPyB8fkDNgSVAw==</latexit>

delete(1)

<latexit sha1_base64="bLXrMP3JDzWXFVZpyuBdcb9N8BQ=">AAAB+3icbVBNS8NAEN3Ur1q/Yj16CRahXkpSKnosePFYwX5AG8pmM2mXbj7YnUhL6F/x4kERr/4Rb/4bt20O2vpg4PHeDDPzvERwhbb9bRS2tnd294r7pYPDo+MT87TcUXEqGbRZLGLZ86gCwSNoI0cBvUQCDT0BXW9yt/C7TyAVj6NHnCXghnQU8YAziloamuUBwhRVkPkgAKHqXM2HZsWu2UtYm8TJSYXkaA3Nr4EfszSECJmgSvUdO0E3oxI5EzAvDVIFCWUTOoK+phENQbnZ8va5dakV3wpiqStCa6n+nshoqNQs9HRnSHGs1r2F+J/XTzG4dTMeJSlCxFaLglRYGFuLICyfS2AoZppQJrm+1WJjKilDHVdJh+Csv7xJOvWa06hdPzQqzXoeR5GckwtSJQ65IU1yT1qkTRiZkmfySt6MufFivBsfq9aCkc+ckT8wPn8A0G6UPg==</latexit>

v3

<latexit sha1_base64="FFQE1wh+v7AC0kc65tdSWB1s9/s=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHYRo0cSLx4xyiOBDZkdGpgwO7uZmSUhGz7BiweN8eoXefNvHGAPClbSSaWqO91dQSy4Nq777eQ2Nre2d/K7hb39g8Oj4vFJU0eJYthgkYhUO6AaBZfYMNwIbMcKaRgIbAXju7nfmqDSPJJPZhqjH9Kh5APOqLHS46R31SuW3LK7AFknXkZKkKHeK351+xFLQpSGCap1x3Nj46dUGc4EzgrdRGNM2ZgOsWOppCFqP12cOiMXVumTQaRsSUMW6u+JlIZaT8PAdobUjPSqNxf/8zqJGdz6KZdxYlCy5aJBIoiJyPxv0ucKmRFTSyhT3N5K2IgqyoxNp2BD8FZfXifNStmrlq8fqqVaJYsjD2dwDpfgwQ3U4B7q0AAGQ3iGV3hzhPPivDsfy9ack82cwh84nz8JdI2Y</latexit>

v4

<latexit sha1_base64="rjZg0McXt+FNeK19TzVmX+2kYqM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lKRY8FLx4r2lpoQ9lsN+3SzSbsTgol9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgobm1vbO8Xd0t7+weFR+fikbeJUM95isYx1J6CGS6F4CwVK3kk0p1Eg+VMwvp37TxOujYjVI04T7kd0qEQoGEUrPUz69X654lbdBcg68XJSgRzNfvmrN4hZGnGFTFJjup6boJ9RjYJJPiv1UsMTysZ0yLuWKhpx42eLU2fkwioDEsbalkKyUH9PZDQyZhoFtjOiODKr3lz8z+umGN74mVBJilyx5aIwlQRjMv+bDITmDOXUEsq0sLcSNqKaMrTplGwI3urL66Rdq3r16tV9vdKo5XEU4QzO4RI8uIYG3EETWsBgCM/wCm+OdF6cd+dj2Vpw8plT+APn8wcK+I2Z</latexit>

v5

<latexit sha1_base64="0QHoF9e+L3I448ibNyAkgFLoYqQ=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHYJRI8kXjxilEcCGzI7NDBhdnYzM0tCNnyCFw8a49Uv8ubfOMAeFKykk0pVd7q7glhwbVz328ltbe/s7uX3CweHR8cnxdOzlo4SxbDJIhGpTkA1Ci6xabgR2IkV0jAQ2A4mdwu/PUWleSSfzCxGP6QjyYecUWOlx2m/1i+W3LK7BNkkXkZKkKHRL371BhFLQpSGCap113Nj46dUGc4Ezgu9RGNM2YSOsGuppCFqP12eOidXVhmQYaRsSUOW6u+JlIZaz8LAdobUjPW6txD/87qJGd76KZdxYlCy1aJhIoiJyOJvMuAKmREzSyhT3N5K2JgqyoxNp2BD8NZf3iStStmrlmsP1VK9ksWRhwu4hGvw4AbqcA8NaAKDETzDK7w5wnlx3p2PVWvOyWbO4Q+czx8MfI2a</latexit>

v6

<latexit sha1_base64="9LgP0AN2QYrKo42K8XmlQO8pxn4=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHYJPo4kXjxilEcCGzI7zMKE2dnNTC8JIXyCFw8a49Uv8ubfOMAeFKykk0pVd7q7gkQKg6777eQ2Nre2d/K7hb39g8Oj4vFJ08SpZrzBYhnrdkANl0LxBgqUvJ1oTqNA8lYwupv7rTHXRsTqCScJ9yM6UCIUjKKVHse9616x5JbdBcg68TJSggz1XvGr249ZGnGFTFJjOp6boD+lGgWTfFbopoYnlI3ogHcsVTTixp8uTp2RC6v0SRhrWwrJQv09MaWRMZMosJ0RxaFZ9ebif14nxfDWnwqVpMgVWy4KU0kwJvO/SV9ozlBOLKFMC3srYUOqKUObTsGG4K2+vE6albJXLV89VEu1ShZHHs7gHC7BgxuowT3UoQEMBvAMr/DmSOfFeXc+lq05J5s5hT9wPn8ADgCNmw==</latexit>

v7

<latexit sha1_base64="WFkzV/TugdS4RywMllSWjbJgcGU=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHYJBo8kXjxilEcCGzI7NDBhdnYzM0tCNnyCFw8a49Uv8ubfOMAeFKykk0pVd7q7glhwbVz328ltbe/s7uX3CweHR8cnxdOzlo4SxbDJIhGpTkA1Ci6xabgR2IkV0jAQ2A4mdwu/PUWleSSfzCxGP6QjyYecUWOlx2m/1i+W3LK7BNkkXkZKkKHRL371BhFLQpSGCap113Nj46dUGc4Ezgu9RGNM2YSOsGuppCFqP12eOidXVhmQYaRsSUOW6u+JlIZaz8LAdobUjPW6txD/87qJGd76KZdxYlCy1aJhIoiJyOJvMuAKmREzSyhT3N5K2JgqyoxNp2BD8NZf3iStStmrlm8eqqV6JYsjDxdwCdfgQQ3qcA8NaAKDETzDK7w5wnlx3p2PVWvOyWbO4Q+czx8PhI2c</latexit>

"
<latexit sha1_base64="nwz8HQIo1ZmnGNFFsCq3AMdE+0o=">AAACCHicbVDLSgNBEJz1GeMr6tHLYBA8hd2o6DHgxWME84BkCbOT2WTIPJaZ3kBY8gPeveoveBOv/oV/4Gc4SfagiQUNRVU33V1RIrgF3//y1tY3Nre2CzvF3b39g8PS0XHT6tRQ1qBaaNOOiGWCK9YADoK1E8OIjARrRaO7md8aM2O5Vo8wSVgoyUDxmFMCTup0x8SwxHKhVa9U9iv+HHiVBDkpoxz1Xum729c0lUwBFcTaTuAnEGbEAKeCTYvd1LKE0BEZsI6jikhmw2x+8hSfO6WPY21cKcBz9fdERqS1Exm5TklgaJe9mfivR2Vk+GAIS/shvg0zrpIUmKKL9XEqMGg8SwX3uWEUxMQRQg13H2A6JIZQcNkVXTTBchCrpFmtBJeV64ercq2ah1RAp+gMXaAA3aAaukd11EAUafSMXtCr9+S9ee/ex6J1zctnTtAfeJ8/ut2ayQ==</latexit>

a
<latexit sha1_base64="5aC55cQ3CnjiK/EM2kMRGmweZew=">AAACB3icbVDLSgNBEJyNrxhfUY9eBoPgKexGRY8BLx4jmAcmS5iddJIhs7PLTK8YlnyAd6/6C97Eq5/hH/gZTpI9aGJBQ1HVTXdXEEth0HW/nNzK6tr6Rn6zsLW9s7tX3D9omCjRHOo8kpFuBcyAFArqKFBCK9bAwkBCMxhdT/3mA2gjInWH4xj8kA2U6AvO0Er3HYRHREzZpFssuWV3BrpMvIyUSIZat/jd6UU8CUEhl8yYtufG6KdMo+ASJoVOYiBmfMQG0LZUsRCMn84untATq/RoP9K2FNKZ+nsiZaEx4zCwnSHDoVn0puK/Hg8DLQZDXNiP/Ss/FSpOEBSfr+8nkmJEp6HQntDAUY4tYVwL+wHlQ6YZRxtdwUbjLQaxTBqVsndWvrg9L1UrWUh5ckSOySnxyCWpkhtSI3XCiSLP5IW8Ok/Om/PufMxbc042c0j+wPn8ATCVmoI=</latexit>

ac
<latexit sha1_base64="IS3hJqwDykan/Anc6dbnOwLcPjs=">AAACCHicbVDLSgNBEJz1GeMr6tHLYBA8hd2o6DHgxWME84BkCbOT2WTIPJaZXjEs+QHvXvUXvIlX/8I/8DOcJHvQxIKGoqqb7q4oEdyC7395K6tr6xubha3i9s7u3n7p4LBpdWooa1AttGlHxDLBFWsAB8HaiWFERoK1otHN1G89MGO5VvcwTlgoyUDxmFMCTup0gT0CQEbopFcq+xV/BrxMgpyUUY56r/Td7WuaSqaACmJtJ/ATCDNigFPBJsVuallC6IgMWMdRRSSzYTY7eYJPndLHsTauFOCZ+nsiI9LasYxcpyQwtIveVPzXozIyfDCEhf0QX4cZV0kKTNH5+jgVGDSepoL73DAKYuwIoYa7DzAdEkMouOyKLppgMYhl0qxWgvPK5d1FuVbNQyqgY3SCzlCArlAN3aI6aiCKNHpGL+jVe/LevHfvY9664uUzR+gPvM8f+Hea7w==</latexit>

c
<latexit sha1_base64="B03ebh+k+R8bUDJGrojL3cB6WdA=">AAACB3icbVDLSgNBEJyNrxhfUY9eBoPgKexGRY8BLx4jmAcmS5iddJIhs7PLTK8YlnyAd6/6C97Eq5/hH/gZTpI9aGJBQ1HVTXdXEEth0HW/nNzK6tr6Rn6zsLW9s7tX3D9omCjRHOo8kpFuBcyAFArqKFBCK9bAwkBCMxhdT/3mA2gjInWH4xj8kA2U6AvO0Er3HYRHREz5pFssuWV3BrpMvIyUSIZat/jd6UU8CUEhl8yYtufG6KdMo+ASJoVOYiBmfMQG0LZUsRCMn84untATq/RoP9K2FNKZ+nsiZaEx4zCwnSHDoVn0puK/Hg8DLQZDXNiP/Ss/FSpOEBSfr+8nkmJEp6HQntDAUY4tYVwL+wHlQ6YZRxtdwUbjLQaxTBqVsndWvrg9L1UrWUh5ckSOySnxyCWpkhtSI3XCiSLP5IW8Ok/Om/PufMxbc042c0j+wPn8ATPLmoQ=</latexit>

cc
<latexit sha1_base64="lVnmi+JT/8JYFJa/YV3aXrJhaT8=">AAACCHicbVDLSgNBEJz1GeMr6tHLYBA8hd2o6DHgxWME84BkCbOT2WTIPJaZXjEs+QHvXvUXvIlX/8I/8DOcJHvQxIKGoqqb7q4oEdyC7395K6tr6xubha3i9s7u3n7p4LBpdWooa1AttGlHxDLBFWsAB8HaiWFERoK1otHN1G89MGO5VvcwTlgoyUDxmFMCTup0gT0CQEbppFcq+xV/BrxMgpyUUY56r/Td7WuaSqaACmJtJ/ATCDNigFPBJsVuallC6IgMWMdRRSSzYTY7eYJPndLHsTauFOCZ+nsiI9LasYxcpyQwtIveVPzXozIyfDCEhf0QX4cZV0kKTNH5+jgVGDSepoL73DAKYuwIoYa7DzAdEkMouOyKLppgMYhl0qxWgvPK5d1FuVbNQyqgY3SCzlCArlAN3aI6aiCKNHpGL+jVe/LevHfvY9664uUzR+gPvM8f+6+a8Q==</latexit>

ab
<latexit sha1_base64="CMl3xybh9kkb/B+Xr5cvr6IDVYM=">AAACCHicbVDLSgNBEJz1GeMr6tHLYBA8hd2o6DHgxWME84BkCbOT2WTIPJaZXjEs+QHvXvUXvIlX/8I/8DOcJHvQxIKGoqqb7q4oEdyC7395K6tr6xubha3i9s7u3n7p4LBpdWooa1AttGlHxDLBFWsAB8HaiWFERoK1otHN1G89MGO5VvcwTlgoyUDxmFMCTup0gT0CQEaiSa9U9iv+DHiZBDkpoxz1Xum729c0lUwBFcTaTuAnEGbEAKeCTYrd1LKE0BEZsI6jikhmw2x28gSfOqWPY21cKcAz9fdERqS1Yxm5TklgaBe9qfivR2Vk+GAIC/shvg4zrpIUmKLz9XEqMGg8TQX3uWEUxNgRQg13H2A6JIZQcNkVXTTBYhDLpFmtBOeVy7uLcq2ah1RAx+gEnaEAXaEaukV11EAUafSMXtCr9+S9ee/ex7x1xctnjtAfeJ8/9tya7g==</latexit>

abb
<latexit sha1_base64="HQEYBozVl1XJz2KJZQb5w3p01Yg=">AAACCXicbVDLSgMxFM34rPVVdekmWARXZaYquiy4cVnBPqAdSpJm2tAkMyR3xDL0C9y71V9wJ279Cv/AzzBtZ6GtBy4czrmXe++hiRQWfP/LW1ldW9/YLGwVt3d29/ZLB4dNG6eG8QaLZWzalFguheYNECB5OzGcKCp5i45upn7rgRsrYn0P44SHigy0iAQj4KRuF/gjAGSE0kmvVPYr/gx4mQQ5KaMc9V7pu9uPWaq4BiaJtZ3ATyDMiAHBJJ8Uu6nlCWEjMuAdRzVR3IbZ7OYJPnVKH0excaUBz9TfExlR1o4VdZ2KwNAuelPxX48pasRgCAv7IboOM6GTFLhm8/VRKjHEeBoL7gvDGcixI4QZ4T7AbEgMYeDCK7pogsUglkmzWgnOK5d3F+VaNQ+pgI7RCTpDAbpCNXSL6qiBGErQM3pBr96T9+a9ex/z1hUvnzlCf+B9/gC9lpta</latexit>

bb
<latexit sha1_base64="V7XhRqhGAWJ6nHrVMlI1sZU0j3Q=">AAACCHicbVDLSgMxFM34rPVVdekmWARXZaYquiy4cVnBPqAdSpJm2tAkMyR3xDL0B9y71V9wJ279C//AzzBtZ6GtBy4czrmXe++hiRQWfP/LW1ldW9/YLGwVt3d29/ZLB4dNG6eG8QaLZWzalFguheYNECB5OzGcKCp5i45upn7rgRsrYn0P44SHigy0iAQj4KROF/gjAGSUTnqlsl/xZ8DLJMhJGeWo90rf3X7MUsU1MEms7QR+AmFGDAgm+aTYTS1PCBuRAe84qoniNsxmJ0/wqVP6OIqNKw14pv6eyIiydqyo61QEhnbRm4r/ekxRIwZDWNgP0XWYCZ2kwDWbr49SiSHG01RwXxjOQI4dIcwI9wFmQ2IIA5dd0UUTLAaxTJrVSnBeuby7KNeqeUgFdIxO0BkK0BWqoVtURw3EUIye0Qt69Z68N+/d+5i3rnj5zBH6A+/zB/h4mu8=</latexit>

N = 13

n = 8 



• Version control systems.

• Highly-repetitive collections.

Applications



Results
time space notes

O(1) O(N) Explicit string 
representation

O(log n) O(n) Fully persistent BST 

O(log n) O(n log n) LZ compression + random 
access

O(log n/log log n) O(n log1+ ε n) LZ compression + random 
access

O(log n/log log n) O(n) new

Ω(log n/log log n) n logO(1) n new



Random Access to Segment Selection

v1

<latexit sha1_base64="zd6z1iDvEy/5BQvvTe7N2MlaejU=">AAAB6nicbZDLSgMxFIbP1Futt6pLN8EiuCozpaDLghuXLdoLtEPJpJk2NJMMSaZQhj6CC11UxK3gu7h0J76M6WWhrT8EPv7/HHLOCWLOtHHdLyezsbm1vZPdze3tHxwe5Y9PGlomitA6kVyqVoA15UzQumGG01asKI4CTpvB8GaWN0dUaSbFvRnH1I9wX7CQEWysdTfqet18wS26c6F18JZQqGzXvj+mj+/Vbv6z05MkiagwhGOt254bGz/FyjDC6STXSTSNMRniPm1bFDii2k/no07QhXV6KJTKPmHQ3P3dkeJI63EU2MoIm4FezWbmf1k7MeG1nzIRJ4YKsvgoTDgyEs32Rj2mKDF8bAETxeysiAywwsTY6+TsEbzVldehUSp65WK55hUqJVgoC2dwDpfgwRVU4BaqUAcCfXiAKTw73HlyXpzXRWnGWfacwh85bz9xx5Gc</latexit>

v0

<latexit sha1_base64="J4YQHrg5ZFucNnhWTVOP42yGqkw=">AAAB6nicbZDLSgMxFIbP1Futt6pLN8EiuCozpaDLghuXLdoLtEPJpJk2NJMMSaZQhj6CC11UxK3gu7h0J76M6WWhrT8EPv7/HHLOCWLOtHHdLyezsbm1vZPdze3tHxwe5Y9PGlomitA6kVyqVoA15UzQumGG01asKI4CTpvB8GaWN0dUaSbFvRnH1I9wX7CQEWysdTfqut18wS26c6F18JZQqGzXvj+mj+/Vbv6z05MkiagwhGOt254bGz/FyjDC6STXSTSNMRniPm1bFDii2k/no07QhXV6KJTKPmHQ3P3dkeJI63EU2MoIm4FezWbmf1k7MeG1nzIRJ4YKsvgoTDgyEs32Rj2mKDF8bAETxeysiAywwsTY6+TsEbzVldehUSp65WK55hUqJVgoC2dwDpfgwRVU4BaqUAcCfXiAKTw73HlyXpzXRWnGWfacwh85bz9wQ5Gb</latexit>

v2

<latexit sha1_base64="50ThIJ8Edtg1dDGoNmW+rrWPy/I=">AAAB6nicbZDLSgMxFIZP6q3WW9Wlm2ARXJWZUtBlwY3LFu0F2qFk0kwbmskMSaZQhj6CC11UxK3gu7h0J76M6WWhrT8EPv7/HHLO8WPBtXGcL5TZ2Nza3snu5vb2Dw6P8scnDR0lirI6jUSkWj7RTHDJ6oYbwVqxYiT0BWv6w5tZ3hwxpXkk7804Zl5I+pIHnBJjrbtRt9TNF5yiMxdeB3cJhcp27ftj+vhe7eY/O72IJiGThgqiddt1YuOlRBlOBZvkOolmMaFD0mdti5KETHvpfNQJvrBODweRsk8aPHd/d6Qk1Hoc+rYyJGagV7OZ+V/WTkxw7aVcxolhki4+ChKBTYRne+MeV4waMbZAqOJ2VkwHRBFq7HVy9gju6srr0CgV3XKxXHMLlRIslIUzOIdLcOEKKnALVagDhT48wBSekUBP6AW9LkozaNlzCn+E3n4Ac0uRnQ==</latexit>

insert(0,a)

<latexit sha1_base64="yBh87/CJQOoBi82MXxtp4yx9jwo=">AAAB/XicbVDJSgNBEO2JW4zbuNy8DAYhgoSZENFjwIvHCGaBZAg9nZqkSc9Cd40Yh+CvePGgiFf/w5t/YyeZgyY+KHi8V0VVPS8WXKFtfxu5ldW19Y38ZmFre2d3z9w/aKookQwaLBKRbHtUgeAhNJCjgHYsgQaegJY3up76rXuQikfhHY5jcAM6CLnPGUUt9cyjLsIDKj/loQKJJfucnk16ZtEu2zNYy8TJSJFkqPfMr24/YkkAITJBleo4doxuSiVyJmBS6CYKYspGdAAdTUMagHLT2fUT61QrfcuPpK4QrZn6eyKlgVLjwNOdAcWhWvSm4n9eJ0H/ytWPxQlCyOaL/ERYGFnTKKw+l8BQjDWhTHJ9q8WGVFKGOrCCDsFZfHmZNCtlp1q+uK0Wa5Usjjw5JiekRBxySWrkhtRJgzDySJ7JK3kznowX4934mLfmjGzmkPyB8fkDMXCVAA==</latexit>

insert(1,c)

<latexit sha1_base64="AuPziuucA78C98uR7hPjS7qSzok=">AAAB/XicbVDJSgNBEO2JW4zbuNy8DAYhgoSZENFjwIvHCGaBZAg9nZqkSc9Cd40Yh+CvePGgiFf/w5t/YyeZgyY+KHi8V0VVPS8WXKFtfxu5ldW19Y38ZmFre2d3z9w/aKookQwaLBKRbHtUgeAhNJCjgHYsgQaegJY3up76rXuQikfhHY5jcAM6CLnPGUUt9cyjLsIDKj/loQKJJeecnU16ZtEu2zNYy8TJSJFkqPfMr24/YkkAITJBleo4doxuSiVyJmBS6CYKYspGdAAdTUMagHLT2fUT61QrfcuPpK4QrZn6eyKlgVLjwNOdAcWhWvSm4n9eJ0H/ytWPxQlCyOaL/ERYGFnTKKw+l8BQjDWhTHJ9q8WGVFKGOrCCDsFZfHmZNCtlp1q+uK0Wa5Usjjw5JiekRBxySWrkhtRJgzDySJ7JK3kznowX4934mLfmjGzmkPyB8fkDNgSVAw==</latexit>

delete(1)

<latexit sha1_base64="bLXrMP3JDzWXFVZpyuBdcb9N8BQ=">AAAB+3icbVBNS8NAEN3Ur1q/Yj16CRahXkpSKnosePFYwX5AG8pmM2mXbj7YnUhL6F/x4kERr/4Rb/4bt20O2vpg4PHeDDPzvERwhbb9bRS2tnd294r7pYPDo+MT87TcUXEqGbRZLGLZ86gCwSNoI0cBvUQCDT0BXW9yt/C7TyAVj6NHnCXghnQU8YAziloamuUBwhRVkPkgAKHqXM2HZsWu2UtYm8TJSYXkaA3Nr4EfszSECJmgSvUdO0E3oxI5EzAvDVIFCWUTOoK+phENQbnZ8va5dakV3wpiqStCa6n+nshoqNQs9HRnSHGs1r2F+J/XTzG4dTMeJSlCxFaLglRYGFuLICyfS2AoZppQJrm+1WJjKilDHVdJh+Csv7xJOvWa06hdPzQqzXoeR5GckwtSJQ65IU1yT1qkTRiZkmfySt6MufFivBsfq9aCkc+ckT8wPn8A0G6UPg==</latexit>

insert(1,b)

<latexit sha1_base64="Xl7jFHZLu9Re/LrFNqJdBku7sUw=">AAAB/XicbVDJSgNBEO2JW4zbuNy8DAYhgoSZENFjwIvHCGaBZAg9nZqkSc9Cd40Yh+CvePGgiFf/w5t/YyeZgyY+KHi8V0VVPS8WXKFtfxu5ldW19Y38ZmFre2d3z9w/aKookQwaLBKRbHtUgeAhNJCjgHYsgQaegJY3up76rXuQikfhHY5jcAM6CLnPGUUt9cyjLsIDKj/loQKJJefcO5v0zKJdtmewlomTkSLJUO+ZX91+xJIAQmSCKtVx7BjdlErkTMCk0E0UxJSN6AA6moY0AOWms+sn1qlW+pYfSV0hWjP190RKA6XGgac7A4pDtehNxf+8ToL+lasfixOEkM0X+YmwMLKmUVh9LoGhGGtCmeT6VosNqaQMdWAFHYKz+PIyaVbKTrV8cVst1ipZHHlyTE5IiTjkktTIDamTBmHkkTyTV/JmPBkvxrvxMW/NGdnMIfkD4/MHNH6VAg==</latexit>

insert(1,b)

<latexit sha1_base64="Xl7jFHZLu9Re/LrFNqJdBku7sUw=">AAAB/XicbVDJSgNBEO2JW4zbuNy8DAYhgoSZENFjwIvHCGaBZAg9nZqkSc9Cd40Yh+CvePGgiFf/w5t/YyeZgyY+KHi8V0VVPS8WXKFtfxu5ldW19Y38ZmFre2d3z9w/aKookQwaLBKRbHtUgeAhNJCjgHYsgQaegJY3up76rXuQikfhHY5jcAM6CLnPGUUt9cyjLsIDKj/loQKJJefcO5v0zKJdtmewlomTkSLJUO+ZX91+xJIAQmSCKtVx7BjdlErkTMCk0E0UxJSN6AA6moY0AOWms+sn1qlW+pYfSV0hWjP190RKA6XGgac7A4pDtehNxf+8ToL+lasfixOEkM0X+YmwMLKmUVh9LoGhGGtCmeT6VosNqaQMdWAFHYKz+PIyaVbKTrV8cVst1ipZHHlyTE5IiTjkktTIDamTBmHkkTyTV/JmPBkvxrvxMW/NGdnMIfkD4/MHNH6VAg==</latexit>

insert(1,c)

<latexit sha1_base64="AuPziuucA78C98uR7hPjS7qSzok=">AAAB/XicbVDJSgNBEO2JW4zbuNy8DAYhgoSZENFjwIvHCGaBZAg9nZqkSc9Cd40Yh+CvePGgiFf/w5t/YyeZgyY+KHi8V0VVPS8WXKFtfxu5ldW19Y38ZmFre2d3z9w/aKookQwaLBKRbHtUgeAhNJCjgHYsgQaegJY3up76rXuQikfhHY5jcAM6CLnPGUUt9cyjLsIDKj/loQKJJeecnU16ZtEu2zNYy8TJSJFkqPfMr24/YkkAITJBleo4doxuSiVyJmBS6CYKYspGdAAdTUMagHLT2fUT61QrfcuPpK4QrZn6eyKlgVLjwNOdAcWhWvSm4n9eJ0H/ytWPxQlCyOaL/ERYGFnTKKw+l8BQjDWhTHJ9q8WGVFKGOrCCDsFZfHmZNCtlp1q+uK0Wa5Usjjw5JiekRBxySWrkhtRJgzDySJ7JK3kznowX4934mLfmjGzmkPyB8fkDNgSVAw==</latexit>

delete(1)

<latexit sha1_base64="bLXrMP3JDzWXFVZpyuBdcb9N8BQ=">AAAB+3icbVBNS8NAEN3Ur1q/Yj16CRahXkpSKnosePFYwX5AG8pmM2mXbj7YnUhL6F/x4kERr/4Rb/4bt20O2vpg4PHeDDPzvERwhbb9bRS2tnd294r7pYPDo+MT87TcUXEqGbRZLGLZ86gCwSNoI0cBvUQCDT0BXW9yt/C7TyAVj6NHnCXghnQU8YAziloamuUBwhRVkPkgAKHqXM2HZsWu2UtYm8TJSYXkaA3Nr4EfszSECJmgSvUdO0E3oxI5EzAvDVIFCWUTOoK+phENQbnZ8va5dakV3wpiqStCa6n+nshoqNQs9HRnSHGs1r2F+J/XTzG4dTMeJSlCxFaLglRYGFuLICyfS2AoZppQJrm+1WJjKilDHVdJh+Csv7xJOvWa06hdPzQqzXoeR5GckwtSJQ65IU1yT1qkTRiZkmfySt6MufFivBsfq9aCkc+ckT8wPn8A0G6UPg==</latexit>

v3

<latexit sha1_base64="FFQE1wh+v7AC0kc65tdSWB1s9/s=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHYRo0cSLx4xyiOBDZkdGpgwO7uZmSUhGz7BiweN8eoXefNvHGAPClbSSaWqO91dQSy4Nq777eQ2Nre2d/K7hb39g8Oj4vFJU0eJYthgkYhUO6AaBZfYMNwIbMcKaRgIbAXju7nfmqDSPJJPZhqjH9Kh5APOqLHS46R31SuW3LK7AFknXkZKkKHeK351+xFLQpSGCap1x3Nj46dUGc4EzgrdRGNM2ZgOsWOppCFqP12cOiMXVumTQaRsSUMW6u+JlIZaT8PAdobUjPSqNxf/8zqJGdz6KZdxYlCy5aJBIoiJyPxv0ucKmRFTSyhT3N5K2IgqyoxNp2BD8FZfXifNStmrlq8fqqVaJYsjD2dwDpfgwQ3U4B7q0AAGQ3iGV3hzhPPivDsfy9ack82cwh84nz8JdI2Y</latexit>

v4

<latexit sha1_base64="rjZg0McXt+FNeK19TzVmX+2kYqM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lKRY8FLx4r2lpoQ9lsN+3SzSbsTgol9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgobm1vbO8Xd0t7+weFR+fikbeJUM95isYx1J6CGS6F4CwVK3kk0p1Eg+VMwvp37TxOujYjVI04T7kd0qEQoGEUrPUz69X654lbdBcg68XJSgRzNfvmrN4hZGnGFTFJjup6boJ9RjYJJPiv1UsMTysZ0yLuWKhpx42eLU2fkwioDEsbalkKyUH9PZDQyZhoFtjOiODKr3lz8z+umGN74mVBJilyx5aIwlQRjMv+bDITmDOXUEsq0sLcSNqKaMrTplGwI3urL66Rdq3r16tV9vdKo5XEU4QzO4RI8uIYG3EETWsBgCM/wCm+OdF6cd+dj2Vpw8plT+APn8wcK+I2Z</latexit>

v5

<latexit sha1_base64="0QHoF9e+L3I448ibNyAkgFLoYqQ=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHYJRI8kXjxilEcCGzI7NDBhdnYzM0tCNnyCFw8a49Uv8ubfOMAeFKykk0pVd7q7glhwbVz328ltbe/s7uX3CweHR8cnxdOzlo4SxbDJIhGpTkA1Ci6xabgR2IkV0jAQ2A4mdwu/PUWleSSfzCxGP6QjyYecUWOlx2m/1i+W3LK7BNkkXkZKkKHRL371BhFLQpSGCap113Nj46dUGc4Ezgu9RGNM2YSOsGuppCFqP12eOidXVhmQYaRsSUOW6u+JlIZaz8LAdobUjPW6txD/87qJGd76KZdxYlCy1aJhIoiJyOJvMuAKmREzSyhT3N5K2JgqyoxNp2BD8NZf3iStStmrlmsP1VK9ksWRhwu4hGvw4AbqcA8NaAKDETzDK7w5wnlx3p2PVWvOyWbO4Q+czx8MfI2a</latexit>

v6

<latexit sha1_base64="9LgP0AN2QYrKo42K8XmlQO8pxn4=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHYJPo4kXjxilEcCGzI7zMKE2dnNTC8JIXyCFw8a49Uv8ubfOMAeFKykk0pVd7q7gkQKg6777eQ2Nre2d/K7hb39g8Oj4vFJ08SpZrzBYhnrdkANl0LxBgqUvJ1oTqNA8lYwupv7rTHXRsTqCScJ9yM6UCIUjKKVHse9616x5JbdBcg68TJSggz1XvGr249ZGnGFTFJjOp6boD+lGgWTfFbopoYnlI3ogHcsVTTixp8uTp2RC6v0SRhrWwrJQv09MaWRMZMosJ0RxaFZ9ebif14nxfDWnwqVpMgVWy4KU0kwJvO/SV9ozlBOLKFMC3srYUOqKUObTsGG4K2+vE6albJXLV89VEu1ShZHHs7gHC7BgxuowT3UoQEMBvAMr/DmSOfFeXc+lq05J5s5hT9wPn8ADgCNmw==</latexit>

v7

<latexit sha1_base64="WFkzV/TugdS4RywMllSWjbJgcGU=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHYJBo8kXjxilEcCGzI7NDBhdnYzM0tCNnyCFw8a49Uv8ubfOMAeFKykk0pVd7q7glhwbVz328ltbe/s7uX3CweHR8cnxdOzlo4SxbDJIhGpTkA1Ci6xabgR2IkV0jAQ2A4mdwu/PUWleSSfzCxGP6QjyYecUWOlx2m/1i+W3LK7BNkkXkZKkKHRL371BhFLQpSGCap113Nj46dUGc4Ezgu9RGNM2YSOsGuppCFqP12eOidXVhmQYaRsSUOW6u+JlIZaz8LAdobUjPW6txD/87qJGd76KZdxYlCy1aJhIoiJyOJvMuAKmREzSyhT3N5K2JgqyoxNp2BD8NZf3iStStmrlm8eqqV6JYsjDxdwCdfgQQ3qcA8NaAKDETzDK7w5wnlx3p2PVWvOyWbO4Q+czx8PhI2c</latexit>

"
<latexit sha1_base64="nwz8HQIo1ZmnGNFFsCq3AMdE+0o=">AAACCHicbVDLSgNBEJz1GeMr6tHLYBA8hd2o6DHgxWME84BkCbOT2WTIPJaZ3kBY8gPeveoveBOv/oV/4Gc4SfagiQUNRVU33V1RIrgF3//y1tY3Nre2CzvF3b39g8PS0XHT6tRQ1qBaaNOOiGWCK9YADoK1E8OIjARrRaO7md8aM2O5Vo8wSVgoyUDxmFMCTup0x8SwxHKhVa9U9iv+HHiVBDkpoxz1Xum729c0lUwBFcTaTuAnEGbEAKeCTYvd1LKE0BEZsI6jikhmw2x+8hSfO6WPY21cKcBz9fdERqS1Exm5TklgaJe9mfivR2Vk+GAIS/shvg0zrpIUmKKL9XEqMGg8SwX3uWEUxMQRQg13H2A6JIZQcNkVXTTBchCrpFmtBJeV64ercq2ah1RAp+gMXaAA3aAaukd11EAUafSMXtCr9+S9ee/ex6J1zctnTtAfeJ8/ut2ayQ==</latexit>

a
<latexit sha1_base64="5aC55cQ3CnjiK/EM2kMRGmweZew=">AAACB3icbVDLSgNBEJyNrxhfUY9eBoPgKexGRY8BLx4jmAcmS5iddJIhs7PLTK8YlnyAd6/6C97Eq5/hH/gZTpI9aGJBQ1HVTXdXEEth0HW/nNzK6tr6Rn6zsLW9s7tX3D9omCjRHOo8kpFuBcyAFArqKFBCK9bAwkBCMxhdT/3mA2gjInWH4xj8kA2U6AvO0Er3HYRHREzZpFssuWV3BrpMvIyUSIZat/jd6UU8CUEhl8yYtufG6KdMo+ASJoVOYiBmfMQG0LZUsRCMn84untATq/RoP9K2FNKZ+nsiZaEx4zCwnSHDoVn0puK/Hg8DLQZDXNiP/Ss/FSpOEBSfr+8nkmJEp6HQntDAUY4tYVwL+wHlQ6YZRxtdwUbjLQaxTBqVsndWvrg9L1UrWUh5ckSOySnxyCWpkhtSI3XCiSLP5IW8Ok/Om/PufMxbc042c0j+wPn8ATCVmoI=</latexit>

ac
<latexit sha1_base64="IS3hJqwDykan/Anc6dbnOwLcPjs=">AAACCHicbVDLSgNBEJz1GeMr6tHLYBA8hd2o6DHgxWME84BkCbOT2WTIPJaZXjEs+QHvXvUXvIlX/8I/8DOcJHvQxIKGoqqb7q4oEdyC7395K6tr6xubha3i9s7u3n7p4LBpdWooa1AttGlHxDLBFWsAB8HaiWFERoK1otHN1G89MGO5VvcwTlgoyUDxmFMCTup0gT0CQEbopFcq+xV/BrxMgpyUUY56r/Td7WuaSqaACmJtJ/ATCDNigFPBJsVuallC6IgMWMdRRSSzYTY7eYJPndLHsTauFOCZ+nsiI9LasYxcpyQwtIveVPzXozIyfDCEhf0QX4cZV0kKTNH5+jgVGDSepoL73DAKYuwIoYa7DzAdEkMouOyKLppgMYhl0qxWgvPK5d1FuVbNQyqgY3SCzlCArlAN3aI6aiCKNHpGL+jVe/LevHfvY9664uUzR+gPvM8f+Hea7w==</latexit>

c
<latexit sha1_base64="B03ebh+k+R8bUDJGrojL3cB6WdA=">AAACB3icbVDLSgNBEJyNrxhfUY9eBoPgKexGRY8BLx4jmAcmS5iddJIhs7PLTK8YlnyAd6/6C97Eq5/hH/gZTpI9aGJBQ1HVTXdXEEth0HW/nNzK6tr6Rn6zsLW9s7tX3D9omCjRHOo8kpFuBcyAFArqKFBCK9bAwkBCMxhdT/3mA2gjInWH4xj8kA2U6AvO0Er3HYRHREz5pFssuWV3BrpMvIyUSIZat/jd6UU8CUEhl8yYtufG6KdMo+ASJoVOYiBmfMQG0LZUsRCMn84untATq/RoP9K2FNKZ+nsiZaEx4zCwnSHDoVn0puK/Hg8DLQZDXNiP/Ss/FSpOEBSfr+8nkmJEp6HQntDAUY4tYVwL+wHlQ6YZRxtdwUbjLQaxTBqVsndWvrg9L1UrWUh5ckSOySnxyCWpkhtSI3XCiSLP5IW8Ok/Om/PufMxbc042c0j+wPn8ATPLmoQ=</latexit>

cc
<latexit sha1_base64="lVnmi+JT/8JYFJa/YV3aXrJhaT8=">AAACCHicbVDLSgNBEJz1GeMr6tHLYBA8hd2o6DHgxWME84BkCbOT2WTIPJaZXjEs+QHvXvUXvIlX/8I/8DOcJHvQxIKGoqqb7q4oEdyC7395K6tr6xubha3i9s7u3n7p4LBpdWooa1AttGlHxDLBFWsAB8HaiWFERoK1otHN1G89MGO5VvcwTlgoyUDxmFMCTup0gT0CQEbppFcq+xV/BrxMgpyUUY56r/Td7WuaSqaACmJtJ/ATCDNigFPBJsVuallC6IgMWMdRRSSzYTY7eYJPndLHsTauFOCZ+nsiI9LasYxcpyQwtIveVPzXozIyfDCEhf0QX4cZV0kKTNH5+jgVGDSepoL73DAKYuwIoYa7DzAdEkMouOyKLppgMYhl0qxWgvPK5d1FuVbNQyqgY3SCzlCArlAN3aI6aiCKNHpGL+jVe/LevHfvY9664uUzR+gPvM8f+6+a8Q==</latexit>

ab
<latexit sha1_base64="CMl3xybh9kkb/B+Xr5cvr6IDVYM=">AAACCHicbVDLSgNBEJz1GeMr6tHLYBA8hd2o6DHgxWME84BkCbOT2WTIPJaZXjEs+QHvXvUXvIlX/8I/8DOcJHvQxIKGoqqb7q4oEdyC7395K6tr6xubha3i9s7u3n7p4LBpdWooa1AttGlHxDLBFWsAB8HaiWFERoK1otHN1G89MGO5VvcwTlgoyUDxmFMCTup0gT0CQEaiSa9U9iv+DHiZBDkpoxz1Xum729c0lUwBFcTaTuAnEGbEAKeCTYrd1LKE0BEZsI6jikhmw2x28gSfOqWPY21cKcAz9fdERqS1Yxm5TklgaBe9qfivR2Vk+GAIC/shvg4zrpIUmKLz9XEqMGg8TQX3uWEUxNgRQg13H2A6JIZQcNkVXTTBYhDLpFmtBOeVy7uLcq2ah1RAx+gEnaEAXaEaukV11EAUafSMXtCr9+S9ee/ex7x1xctnjtAfeJ8/9tya7g==</latexit>

abb
<latexit sha1_base64="HQEYBozVl1XJz2KJZQb5w3p01Yg=">AAACCXicbVDLSgMxFM34rPVVdekmWARXZaYquiy4cVnBPqAdSpJm2tAkMyR3xDL0C9y71V9wJ279Cv/AzzBtZ6GtBy4czrmXe++hiRQWfP/LW1ldW9/YLGwVt3d29/ZLB4dNG6eG8QaLZWzalFguheYNECB5OzGcKCp5i45upn7rgRsrYn0P44SHigy0iAQj4KRuF/gjAGSE0kmvVPYr/gx4mQQ5KaMc9V7pu9uPWaq4BiaJtZ3ATyDMiAHBJJ8Uu6nlCWEjMuAdRzVR3IbZ7OYJPnVKH0excaUBz9TfExlR1o4VdZ2KwNAuelPxX48pasRgCAv7IboOM6GTFLhm8/VRKjHEeBoL7gvDGcixI4QZ4T7AbEgMYeDCK7pogsUglkmzWgnOK5d3F+VaNQ+pgI7RCTpDAbpCNXSL6qiBGErQM3pBr96T9+a9ex/z1hUvnzlCf+B9/gC9lpta</latexit>

bb
<latexit sha1_base64="V7XhRqhGAWJ6nHrVMlI1sZU0j3Q=">AAACCHicbVDLSgMxFM34rPVVdekmWARXZaYquiy4cVnBPqAdSpJm2tAkMyR3xDL0B9y71V9wJ279C//AzzBtZ6GtBy4czrmXe++hiRQWfP/LW1ldW9/YLGwVt3d29/ZLB4dNG6eG8QaLZWzalFguheYNECB5OzGcKCp5i45upn7rgRsrYn0P44SHigy0iAQj4KROF/gjAGSUTnqlsl/xZ8DLJMhJGeWo90rf3X7MUsU1MEms7QR+AmFGDAgm+aTYTS1PCBuRAe84qoniNsxmJ0/wqVP6OIqNKw14pv6eyIiydqyo61QEhnbRm4r/ekxRIwZDWNgP0XWYCZ2kwDWbr49SiSHG01RwXxjOQI4dIcwI9wFmQ2IIA5dd0UUTLAaxTJrVSnBeuby7KNeqeUgFdIxO0BkK0BWqoVtURw3EUIye0Qt69Z68N+/d+5i3rnj5zBH6A+/zB/h4mu8=</latexit>

v1

<latexit sha1_base64="zd6z1iDvEy/5BQvvTe7N2MlaejU=">AAAB6nicbZDLSgMxFIbP1Futt6pLN8EiuCozpaDLghuXLdoLtEPJpJk2NJMMSaZQhj6CC11UxK3gu7h0J76M6WWhrT8EPv7/HHLOCWLOtHHdLyezsbm1vZPdze3tHxwe5Y9PGlomitA6kVyqVoA15UzQumGG01asKI4CTpvB8GaWN0dUaSbFvRnH1I9wX7CQEWysdTfqet18wS26c6F18JZQqGzXvj+mj+/Vbv6z05MkiagwhGOt254bGz/FyjDC6STXSTSNMRniPm1bFDii2k/no07QhXV6KJTKPmHQ3P3dkeJI63EU2MoIm4FezWbmf1k7MeG1nzIRJ4YKsvgoTDgyEs32Rj2mKDF8bAETxeysiAywwsTY6+TsEbzVldehUSp65WK55hUqJVgoC2dwDpfgwRVU4BaqUAcCfXiAKTw73HlyXpzXRWnGWfacwh85bz9xx5Gc</latexit>

v0

<latexit sha1_base64="J4YQHrg5ZFucNnhWTVOP42yGqkw=">AAAB6nicbZDLSgMxFIbP1Futt6pLN8EiuCozpaDLghuXLdoLtEPJpJk2NJMMSaZQhj6CC11UxK3gu7h0J76M6WWhrT8EPv7/HHLOCWLOtHHdLyezsbm1vZPdze3tHxwe5Y9PGlomitA6kVyqVoA15UzQumGG01asKI4CTpvB8GaWN0dUaSbFvRnH1I9wX7CQEWysdTfqut18wS26c6F18JZQqGzXvj+mj+/Vbv6z05MkiagwhGOt254bGz/FyjDC6STXSTSNMRniPm1bFDii2k/no07QhXV6KJTKPmHQ3P3dkeJI63EU2MoIm4FezWbmf1k7MeG1nzIRJ4YKsvgoTDgyEs32Rj2mKDF8bAETxeysiAywwsTY6+TsEbzVldehUSp65WK55hUqJVgoC2dwDpfgwRVU4BaqUAcCfXiAKTw73HlyXpzXRWnGWfacwh85bz9wQ5Gb</latexit>

v2

<latexit sha1_base64="50ThIJ8Edtg1dDGoNmW+rrWPy/I=">AAAB6nicbZDLSgMxFIZP6q3WW9Wlm2ARXJWZUtBlwY3LFu0F2qFk0kwbmskMSaZQhj6CC11UxK3gu7h0J76M6WWhrT8EPv7/HHLO8WPBtXGcL5TZ2Nza3snu5vb2Dw6P8scnDR0lirI6jUSkWj7RTHDJ6oYbwVqxYiT0BWv6w5tZ3hwxpXkk7804Zl5I+pIHnBJjrbtRt9TNF5yiMxdeB3cJhcp27ftj+vhe7eY/O72IJiGThgqiddt1YuOlRBlOBZvkOolmMaFD0mdti5KETHvpfNQJvrBODweRsk8aPHd/d6Qk1Hoc+rYyJGagV7OZ+V/WTkxw7aVcxolhki4+ChKBTYRne+MeV4waMbZAqOJ2VkwHRBFq7HVy9gju6srr0CgV3XKxXHMLlRIslIUzOIdLcOEKKnALVagDhT48wBSekUBP6AW9LkozaNlzCn+E3n4Ac0uRnQ==</latexit>

insert(0,a)

<latexit sha1_base64="yBh87/CJQOoBi82MXxtp4yx9jwo=">AAAB/XicbVDJSgNBEO2JW4zbuNy8DAYhgoSZENFjwIvHCGaBZAg9nZqkSc9Cd40Yh+CvePGgiFf/w5t/YyeZgyY+KHi8V0VVPS8WXKFtfxu5ldW19Y38ZmFre2d3z9w/aKookQwaLBKRbHtUgeAhNJCjgHYsgQaegJY3up76rXuQikfhHY5jcAM6CLnPGUUt9cyjLsIDKj/loQKJJfucnk16ZtEu2zNYy8TJSJFkqPfMr24/YkkAITJBleo4doxuSiVyJmBS6CYKYspGdAAdTUMagHLT2fUT61QrfcuPpK4QrZn6eyKlgVLjwNOdAcWhWvSm4n9eJ0H/ytWPxQlCyOaL/ERYGFnTKKw+l8BQjDWhTHJ9q8WGVFKGOrCCDsFZfHmZNCtlp1q+uK0Wa5Usjjw5JiekRBxySWrkhtRJgzDySJ7JK3kznowX4934mLfmjGzmkPyB8fkDMXCVAA==</latexit>

insert(1,c)

<latexit sha1_base64="AuPziuucA78C98uR7hPjS7qSzok=">AAAB/XicbVDJSgNBEO2JW4zbuNy8DAYhgoSZENFjwIvHCGaBZAg9nZqkSc9Cd40Yh+CvePGgiFf/w5t/YyeZgyY+KHi8V0VVPS8WXKFtfxu5ldW19Y38ZmFre2d3z9w/aKookQwaLBKRbHtUgeAhNJCjgHYsgQaegJY3up76rXuQikfhHY5jcAM6CLnPGUUt9cyjLsIDKj/loQKJJeecnU16ZtEu2zNYy8TJSJFkqPfMr24/YkkAITJBleo4doxuSiVyJmBS6CYKYspGdAAdTUMagHLT2fUT61QrfcuPpK4QrZn6eyKlgVLjwNOdAcWhWvSm4n9eJ0H/ytWPxQlCyOaL/ERYGFnTKKw+l8BQjDWhTHJ9q8WGVFKGOrCCDsFZfHmZNCtlp1q+uK0Wa5Usjjw5JiekRBxySWrkhtRJgzDySJ7JK3kznowX4934mLfmjGzmkPyB8fkDNgSVAw==</latexit>

delete(1)

<latexit sha1_base64="bLXrMP3JDzWXFVZpyuBdcb9N8BQ=">AAAB+3icbVBNS8NAEN3Ur1q/Yj16CRahXkpSKnosePFYwX5AG8pmM2mXbj7YnUhL6F/x4kERr/4Rb/4bt20O2vpg4PHeDDPzvERwhbb9bRS2tnd294r7pYPDo+MT87TcUXEqGbRZLGLZ86gCwSNoI0cBvUQCDT0BXW9yt/C7TyAVj6NHnCXghnQU8YAziloamuUBwhRVkPkgAKHqXM2HZsWu2UtYm8TJSYXkaA3Nr4EfszSECJmgSvUdO0E3oxI5EzAvDVIFCWUTOoK+phENQbnZ8va5dakV3wpiqStCa6n+nshoqNQs9HRnSHGs1r2F+J/XTzG4dTMeJSlCxFaLglRYGFuLICyfS2AoZppQJrm+1WJjKilDHVdJh+Csv7xJOvWa06hdPzQqzXoeR5GckwtSJQ65IU1yT1qkTRiZkmfySt6MufFivBsfq9aCkc+ckT8wPn8A0G6UPg==</latexit>

insert(1,b)

<latexit sha1_base64="Xl7jFHZLu9Re/LrFNqJdBku7sUw=">AAAB/XicbVDJSgNBEO2JW4zbuNy8DAYhgoSZENFjwIvHCGaBZAg9nZqkSc9Cd40Yh+CvePGgiFf/w5t/YyeZgyY+KHi8V0VVPS8WXKFtfxu5ldW19Y38ZmFre2d3z9w/aKookQwaLBKRbHtUgeAhNJCjgHYsgQaegJY3up76rXuQikfhHY5jcAM6CLnPGUUt9cyjLsIDKj/loQKJJefcO5v0zKJdtmewlomTkSLJUO+ZX91+xJIAQmSCKtVx7BjdlErkTMCk0E0UxJSN6AA6moY0AOWms+sn1qlW+pYfSV0hWjP190RKA6XGgac7A4pDtehNxf+8ToL+lasfixOEkM0X+YmwMLKmUVh9LoGhGGtCmeT6VosNqaQMdWAFHYKz+PIyaVbKTrV8cVst1ipZHHlyTE5IiTjkktTIDamTBmHkkTyTV/JmPBkvxrvxMW/NGdnMIfkD4/MHNH6VAg==</latexit>

insert(1,b)

<latexit sha1_base64="Xl7jFHZLu9Re/LrFNqJdBku7sUw=">AAAB/XicbVDJSgNBEO2JW4zbuNy8DAYhgoSZENFjwIvHCGaBZAg9nZqkSc9Cd40Yh+CvePGgiFf/w5t/YyeZgyY+KHi8V0VVPS8WXKFtfxu5ldW19Y38ZmFre2d3z9w/aKookQwaLBKRbHtUgeAhNJCjgHYsgQaegJY3up76rXuQikfhHY5jcAM6CLnPGUUt9cyjLsIDKj/loQKJJefcO5v0zKJdtmewlomTkSLJUO+ZX91+xJIAQmSCKtVx7BjdlErkTMCk0E0UxJSN6AA6moY0AOWms+sn1qlW+pYfSV0hWjP190RKA6XGgac7A4pDtehNxf+8ToL+lasfixOEkM0X+YmwMLKmUVh9LoGhGGtCmeT6VosNqaQMdWAFHYKz+PIyaVbKTrV8cVst1ipZHHlyTE5IiTjkktTIDamTBmHkkTyTV/JmPBkvxrvxMW/NGdnMIfkD4/MHNH6VAg==</latexit>

insert(1,c)

<latexit sha1_base64="AuPziuucA78C98uR7hPjS7qSzok=">AAAB/XicbVDJSgNBEO2JW4zbuNy8DAYhgoSZENFjwIvHCGaBZAg9nZqkSc9Cd40Yh+CvePGgiFf/w5t/YyeZgyY+KHi8V0VVPS8WXKFtfxu5ldW19Y38ZmFre2d3z9w/aKookQwaLBKRbHtUgeAhNJCjgHYsgQaegJY3up76rXuQikfhHY5jcAM6CLnPGUUt9cyjLsIDKj/loQKJJeecnU16ZtEu2zNYy8TJSJFkqPfMr24/YkkAITJBleo4doxuSiVyJmBS6CYKYspGdAAdTUMagHLT2fUT61QrfcuPpK4QrZn6eyKlgVLjwNOdAcWhWvSm4n9eJ0H/ytWPxQlCyOaL/ERYGFnTKKw+l8BQjDWhTHJ9q8WGVFKGOrCCDsFZfHmZNCtlp1q+uK0Wa5Usjjw5JiekRBxySWrkhtRJgzDySJ7JK3kznowX4934mLfmjGzmkPyB8fkDNgSVAw==</latexit>

delete(1)

<latexit sha1_base64="bLXrMP3JDzWXFVZpyuBdcb9N8BQ=">AAAB+3icbVBNS8NAEN3Ur1q/Yj16CRahXkpSKnosePFYwX5AG8pmM2mXbj7YnUhL6F/x4kERr/4Rb/4bt20O2vpg4PHeDDPzvERwhbb9bRS2tnd294r7pYPDo+MT87TcUXEqGbRZLGLZ86gCwSNoI0cBvUQCDT0BXW9yt/C7TyAVj6NHnCXghnQU8YAziloamuUBwhRVkPkgAKHqXM2HZsWu2UtYm8TJSYXkaA3Nr4EfszSECJmgSvUdO0E3oxI5EzAvDVIFCWUTOoK+phENQbnZ8va5dakV3wpiqStCa6n+nshoqNQs9HRnSHGs1r2F+J/XTzG4dTMeJSlCxFaLglRYGFuLICyfS2AoZppQJrm+1WJjKilDHVdJh+Csv7xJOvWa06hdPzQqzXoeR5GckwtSJQ65IU1yT1qkTRiZkmfySt6MufFivBsfq9aCkc+ckT8wPn8A0G6UPg==</latexit>

v3

<latexit sha1_base64="FFQE1wh+v7AC0kc65tdSWB1s9/s=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHYRo0cSLx4xyiOBDZkdGpgwO7uZmSUhGz7BiweN8eoXefNvHGAPClbSSaWqO91dQSy4Nq777eQ2Nre2d/K7hb39g8Oj4vFJU0eJYthgkYhUO6AaBZfYMNwIbMcKaRgIbAXju7nfmqDSPJJPZhqjH9Kh5APOqLHS46R31SuW3LK7AFknXkZKkKHeK351+xFLQpSGCap1x3Nj46dUGc4EzgrdRGNM2ZgOsWOppCFqP12cOiMXVumTQaRsSUMW6u+JlIZaT8PAdobUjPSqNxf/8zqJGdz6KZdxYlCy5aJBIoiJyPxv0ucKmRFTSyhT3N5K2IgqyoxNp2BD8FZfXifNStmrlq8fqqVaJYsjD2dwDpfgwQ3U4B7q0AAGQ3iGV3hzhPPivDsfy9ack82cwh84nz8JdI2Y</latexit>

v4

<latexit sha1_base64="rjZg0McXt+FNeK19TzVmX+2kYqM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lKRY8FLx4r2lpoQ9lsN+3SzSbsTgol9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgobm1vbO8Xd0t7+weFR+fikbeJUM95isYx1J6CGS6F4CwVK3kk0p1Eg+VMwvp37TxOujYjVI04T7kd0qEQoGEUrPUz69X654lbdBcg68XJSgRzNfvmrN4hZGnGFTFJjup6boJ9RjYJJPiv1UsMTysZ0yLuWKhpx42eLU2fkwioDEsbalkKyUH9PZDQyZhoFtjOiODKr3lz8z+umGN74mVBJilyx5aIwlQRjMv+bDITmDOXUEsq0sLcSNqKaMrTplGwI3urL66Rdq3r16tV9vdKo5XEU4QzO4RI8uIYG3EETWsBgCM/wCm+OdF6cd+dj2Vpw8plT+APn8wcK+I2Z</latexit>

v5

<latexit sha1_base64="0QHoF9e+L3I448ibNyAkgFLoYqQ=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHYJRI8kXjxilEcCGzI7NDBhdnYzM0tCNnyCFw8a49Uv8ubfOMAeFKykk0pVd7q7glhwbVz328ltbe/s7uX3CweHR8cnxdOzlo4SxbDJIhGpTkA1Ci6xabgR2IkV0jAQ2A4mdwu/PUWleSSfzCxGP6QjyYecUWOlx2m/1i+W3LK7BNkkXkZKkKHRL371BhFLQpSGCap113Nj46dUGc4Ezgu9RGNM2YSOsGuppCFqP12eOidXVhmQYaRsSUOW6u+JlIZaz8LAdobUjPW6txD/87qJGd76KZdxYlCy1aJhIoiJyOJvMuAKmREzSyhT3N5K2JgqyoxNp2BD8NZf3iStStmrlmsP1VK9ksWRhwu4hGvw4AbqcA8NaAKDETzDK7w5wnlx3p2PVWvOyWbO4Q+czx8MfI2a</latexit>

v6

<latexit sha1_base64="9LgP0AN2QYrKo42K8XmlQO8pxn4=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHYJPo4kXjxilEcCGzI7zMKE2dnNTC8JIXyCFw8a49Uv8ubfOMAeFKykk0pVd7q7gkQKg6777eQ2Nre2d/K7hb39g8Oj4vFJ08SpZrzBYhnrdkANl0LxBgqUvJ1oTqNA8lYwupv7rTHXRsTqCScJ9yM6UCIUjKKVHse9616x5JbdBcg68TJSggz1XvGr249ZGnGFTFJjOp6boD+lGgWTfFbopoYnlI3ogHcsVTTixp8uTp2RC6v0SRhrWwrJQv09MaWRMZMosJ0RxaFZ9ebif14nxfDWnwqVpMgVWy4KU0kwJvO/SV9ozlBOLKFMC3srYUOqKUObTsGG4K2+vE6albJXLV89VEu1ShZHHs7gHC7BgxuowT3UoQEMBvAMr/DmSOfFeXc+lq05J5s5hT9wPn8ADgCNmw==</latexit>

v7

<latexit sha1_base64="WFkzV/TugdS4RywMllSWjbJgcGU=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHYJBo8kXjxilEcCGzI7NDBhdnYzM0tCNnyCFw8a49Uv8ubfOMAeFKykk0pVd7q7glhwbVz328ltbe/s7uX3CweHR8cnxdOzlo4SxbDJIhGpTkA1Ci6xabgR2IkV0jAQ2A4mdwu/PUWleSSfzCxGP6QjyYecUWOlx2m/1i+W3LK7BNkkXkZKkKHRL371BhFLQpSGCap113Nj46dUGc4Ezgu9RGNM2YSOsGuppCFqP12eOidXVhmQYaRsSUOW6u+JlIZaz8LAdobUjPW6txD/87qJGd76KZdxYlCy1aJhIoiJyOJvMuAKmREzSyhT3N5K2JgqyoxNp2BD8NZf3iStStmrlm8eqqV6JYsjDxdwCdfgQQ3qcA8NaAKDETzDK7w5wnlx3p2PVWvOyWbO4Q+czx8PhI2c</latexit>

S16 = abbcc

<latexit sha1_base64="IztEcFBYoHO0rqSN8psjNFKVuGA=">AAACW3icjZFLS8NAFIUnqdoaq0bFlZvBIrgqidTHRii4cVnRPqApZTKdtkMnD2ZuxBLyJ13pwr8iTtostFXwwsDhO/fO44wfC67Acd4Ns7SxuVWubFs71d29ffvgsKOiRFLWppGIZM8nigkesjZwEKwXS0YCX7CuP7vL/e4zk4pH4RPMYzYIyCTkY04JaDS05eMwda8yfIu9SPfl26QesBcASEmWrUP/35D+AYd2zak7i8Lrwi1EDRXVGtqv3iiiScBCoIIo1XedGAYpkcCpYJnlJYrFhM7IhPW1DEnA1CBdZJPhM01GeBxJvULAC/p9IiWBUvPA150Bgala9XL4m9dPYHwzSHkYJ8BCujxonAgMEc6DxiMuGQUx14JQyfVdMZ0SSSjo77B0CO7qk9dF56LuNuqXD41a86KIo4JO0Ck6Ry66Rk10j1qojSh6Q59G2agYH2bJtMzqstU0ipkj9KPM4y+h9Lsz</latexit>

S1 = "

<latexit sha1_base64="/cwOqZdWhRFCBkvxxBxqTXgEN6M=">AAACBXicbVDLSsNAFL3xWeur6lIXg0VwVZJS0Y1QcOOyon1AE8pkOmmHTiZhZlIooRs3/oobF4q49R/c+TdO2iy09cDA4Zx7uHOPH3OmtG1/Wyura+sbm4Wt4vbO7t5+6eCwpaJEEtokEY9kx8eKciZoUzPNaSeWFIc+p21/dJP57TGVikXiQU9i6oV4IFjACNZG6pVO3MjYWTq9n/YcdI3cMZY0Voxndtmu2DOgZeLkpAw5Gr3Sl9uPSBJSoQnHSnUdO9ZeiqVmhNNp0U0UjTEZ4QHtGipwSJWXzq6YojOj9FEQSfOERjP1dyLFoVKT0DeTIdZDtehl4n9eN9HBlZcyESeaCjJfFCQc6QhllaA+k5RoPjEEE8nMXxEZYomJNsUVTQnO4snLpFWtOLXKxV2tXK/mdRTgGE7hHBy4hDrcQgOaQOARnuEV3qwn68V6tz7moytWnjmCP7A+fwBd0Jhy</latexit>

S2 = a

<latexit sha1_base64="Q2ILPaoSnI5moxOU4xiUyeSJvdQ=">AAACBHicbVDLSsNAFJ34rPUVddnNYBFclaRUdCMU3LisaB/QhjCZTtqhkwczN2IJWbjxV9y4UMStH+HOv3HSZqGtBwYO59zDnXu8WHAFlvVtrKyurW9slrbK2zu7e/vmwWFHRYmkrE0jEcmeRxQTPGRt4CBYL5aMBJ5gXW9ylfvdeyYVj8I7mMbMCcgo5D6nBLTkmpVBpO08nd5mbh1f4gGwBwBISeaaVatmzYCXiV2QKirQcs2vwTCiScBCoIIo1betGJyUSOBUsKw8SBSLCZ2QEetrGpKAKSedHZHhE60MsR9J/ULAM/V3IiWBUtPA05MBgbFa9HLxP6+fgH/hpDyME2AhnS/yE4EhwnkjeMgloyCmmhAquf4rpmMiCQXdW1mXYC+evEw69ZrdqJ3dNKrNelFHCVXQMTpFNjpHTXSNWqiNKHpEz+gVvRlPxovxbnzMR1eMInOE/sD4/AHUBZgs</latexit>

S3 = ac

<latexit sha1_base64="CYr7l2yl8Ljv9dFb2vLkiHkaAXs=">AAACBXicbVC7SgNBFJ2NrxhfUUstBoNgFXZjRBshYGMZ0Twguyyzk0kyZHZnmbkrhmUbG3/FxkIRW//Bzr9x8ig08cDA4Zx7uHNPEAuuwba/rdzS8srqWn69sLG5tb1T3N1rapkoyhpUCqnaAdFM8Ig1gINg7VgxEgaCtYLh1dhv3TOluYzuYBQzLyT9iPc4JWAkv3joSmOP0+lt5p/iS+wCewCAlNDML5bssj0BXiTOjJTQDHW/+OV2JU1CFgEVROuOY8fgpUQBp4JlBTfRLCZ0SPqsY2hEQqa9dHJFho+N0sU9qcyLAE/U34mUhFqPwsBMhgQGet4bi/95nQR6F17KozgBFtHpol4iMEg8rgR3uWIUxMgQQhU3f8V0QBShYIormBKc+ZMXSbNSdqrls5tqqVaZ1ZFHB+gInSAHnaMaukZ11EAUPaJn9IrerCfrxXq3PqajOWuW2Ud/YH3+AJtKmJo=</latexit>

S4 = ac

<latexit sha1_base64="PM2einEt3jLxl4u7rmtHNwQWtPw=">AAACGXicbVDLSgMxFM3UV62vUZdugkVwVWZKRTdCwY3LivYBbSmZNG1DM5MhuSOWYX7Djb/ixoUiLnXl35hpR9TWA4HDOfdwc48XCq7BcT6t3NLyyupafr2wsbm1vWPv7jW0jBRldSqFVC2PaCZ4wOrAQbBWqBjxPcGa3vgi9Zu3TGkugxuYhKzrk2HAB5wSMFLPdjrS2Gk6vk56FXyOf4QOsDsAiEmSfFOa9OyiU3KmwIvEzUgRZaj17PdOX9LIZwFQQbRuu04I3Zgo4FSwpNCJNAsJHZMhaxsaEJ/pbjy9LMFHRunjgVTmBYCn6u9ETHytJ75nJn0CIz3vpeJ/XjuCwVk35kEYAQvobNEgEhgkTmvCfa4YBTExhFDFzV8xHRFFKJgyC6YEd/7kRdIol9xK6eSqUqyWszry6AAdomPkolNURZeohuqIonv0iJ7Ri/VgPVmv1ttsNGdlmX30B9bHF+ncohw=</latexit>

S5 = acc

<latexit sha1_base64="Yz7zJhJwbXnrEOx25JdSaxg6+v0=">AAACGnicbVDLSgMxFM34rPVVdekmWARXZaa06EYouHFZ0T6gU0omzbShmcmQ3BHLMN/hxl9x40IRd+LGvzHTVtTWA4HDOfdwc48XCa7Btj+tpeWV1bX13EZ+c2t7Z7ewt9/UMlaUNagUUrU9opngIWsAB8HakWIk8ARreaOLzG/dMqW5DG9gHLFuQAYh9zklYKRewXGlsbN0cp32qvgc/wgusDsASEiaflNK016haJfsCfAicWakiGao9wrvbl/SOGAhUEG07jh2BN2EKOBUsDTvxppFhI7IgHUMDUnAdDeZnJbiY6P0sS+VeSHgifo7kZBA63HgmcmAwFDPe5n4n9eJwT/rJjyMYmAhnS7yY4FB4qwn3OeKURBjQwhV3PwV0yFRhIJpM29KcOZPXiTNcsmplKpXlWKtPKsjhw7RETpBDjpFNXSJ6qiBKLpHj+gZvVgP1pP1ar1NR5esWeYA/YH18QW6fqKK</latexit>

S7 = acc

<latexit sha1_base64="3pHxoTDJv3XZgiKa9+57mCya5k0=">AAACLnicbVDLSgMxFM3UV62vUZdugkVwVWZKpW6EggguK9oHtEPJpGkbmnmQ3BHLMF/kxl/RhaAibv0MM+2I2nogcDjnHm7ucUPBFVjWi5FbWl5ZXcuvFzY2t7Z3zN29pgoiSVmDBiKQbZcoJrjPGsBBsHYoGfFcwVru+Dz1W7dMKh74NzAJmeORoc8HnBLQUs+86AbaTtPxddKr4jP8I3SB3QFATJLkm9Jk0aZJ0jOLVsmaAi8SOyNFlKHeM5+6/YBGHvOBCqJUx7ZCcGIigVPBkkI3UiwkdEyGrKOpTzymnHh6boKPtNLHg0Dq5wOeqr8TMfGUmniunvQIjNS8l4r/eZ0IBqdOzP0wAubT2aJBJDAEOO0O97lkFMREE0Il13/FdEQkoaAbLugS7PmTF0mzXLIrpZOrSrFWzurIowN0iI6Rjaqohi5RHTUQRffoEb2iN+PBeDbejY/ZaM7IMvvoD4zPL8WXrA0=</latexit>

S8 = acc

<latexit sha1_base64="cmbqSWHE1K9XYnZ634WsBy3W2cI=">AAACGXicbVDLSsNAFJ34rPUVdelmsAiuSlIqdiMU3LisaB/QhjCZTtuhkwczN2IJ+Q03/oobF4q41JV/46SNqK0HBg7n3MOde7xIcAWW9WksLa+srq0XNoqbW9s7u+befkuFsaSsSUMRyo5HFBM8YE3gIFgnkoz4nmBtb3yR+e1bJhUPgxuYRMzxyTDgA04JaMk1rV6o7SydXKdu7Rz3gN0BQEJo+mN9izRNXbNkla0p8CKxc1JCORqu+d7rhzT2WQBUEKW6thWBkxAJnAqWFnuxYhGhYzJkXU0D4jPlJNPLUnyslT4ehFK/APBU/Z1IiK/UxPf0pE9gpOa9TPzP68YwqDkJD6IYWEBniwaxwBDirCbc55JREBNNCJVc/xXTEZGEgi6zqEuw509eJK1K2a6WT6+qpXolr6OADtEROkE2OkN1dIkaqIkoukeP6Bm9GA/Gk/FqvM1Gl4w8c4D+wPj4Al+7omM=</latexit>

S9 = abcc

<latexit sha1_base64="/HV+dx3FixOgN0xMaKXv0z9HpK8=">AAACL3icbVDLSgMxFM34rPU16tJNsAiuykypqAuhIIjLivYBnVIyadqGZh4kd8QyzB+58Ve6EVHErX9hph1R2x4IHM65h5t73FBwBZb1aiwtr6yurec28ptb2zu75t5+XQWRpKxGAxHIpksUE9xnNeAgWDOUjHiuYA13eJX6jQcmFQ/8exiFrO2Rvs97nBLQUse8dgJtp+n4Lulc4EvsAHsEgJi4ya/3I9JksdgxC1bRmgDPEzsjBZSh2jHHTjegkcd8oIIo1bKtENoxkcCpYEneiRQLCR2SPmtp6hOPqXY8uTfBx1rp4l4g9fMBT9S/iZh4So08V096BAZq1kvFRV4rgt55O+Z+GAHz6XRRLxIYApyWh7tcMgpipAmhkuu/YjogklDQFed1CfbsyfOkXira5eLpbblQKWV15NAhOkInyEZnqIJuUBXVEEVPaIze0LvxbLwYH8bndHTJyDIH6B+Mr2+esqx7</latexit>

S10 = abbcc

<latexit sha1_base64="mdTOtLgK7aiVQiDCrvw7dMfle3g=">AAACM3icbVDLSgMxFM3UV62vqks3wSK4KjOlohuh4EZcVbQPaIchk2ba0MyD5I5YhvknN/6IC0FcKOLWfzBtR9S2BwKHc+7h5h43ElyBab4YuaXlldW1/HphY3Nre6e4u9dUYSwpa9BQhLLtEsUED1gDOAjWjiQjvitYyx1ejP3WHZOKh8EtjCJm+6QfcI9TAlpyilfdUNvjdHKTOollpvgcd4HdA0BCXDf99X9Umi4WnWLJLJsT4HliZaSEMtSd4lO3F9LYZwFQQZTqWGYEdkIkcCpYWujGikWEDkmfdTQNiM+UnUxuTvGRVnrYC6V+AeCJ+jeREF+pke/qSZ/AQM16Y3GR14nBO7MTHkQxsIBOF3mxwBDicYG4xyWjIEaaECq5/iumAyIJBV1zQZdgzZ48T5qVslUtn1xXS7VKVkceHaBDdIwsdIpq6BLVUQNR9ICe0Rt6Nx6NV+PD+JyO5owss4/+wfj6ButlriU=</latexit>

S11 = abbcc

<latexit sha1_base64="9XWfodOuFKhVBDgd3gSPP/B8GC8=">AAACR3icbZBLSwMxFIUz9VXrq+rSTbAIrspMUXQjFNy4rGgf0NYhk2ba0MyD5I5Yhvw7N27d+RfcuFDEpZm2orY9EDh8516SHC8WXIFtv1i5peWV1bX8emFjc2t7p7i711BRIimr00hEsuURxQQPWR04CNaKJSOBJ1jTG15mefOeScWj8BZGMesGpB9yn1MCBrnFu05k4mw7vdFu6jgaX+Bf1gH2AAAp0frHep6ez6leDN1iyS7bY+F540xNCU1Vc4vPnV5Ek4CFQAVRqu3YMXRTIoFTwXShkygWEzokfdY2NiQBU9103IPGR4b0sB9Jc0LAY/p3IyWBUqPAM5MBgYGazTK4KGsn4J93Ux7GCbCQTi7yE4EhwlmpuMcloyBGxhAquXkrpgMiCQVTfcGU4Mx+ed40KmXnpHx6fVKqVqZ15NEBOkTHyEFnqIquUA3VEUWP6BW9ow/ryXqzPq2vyWjOmu7so3/KWd/Ofrao</latexit>

S12 = abbcc

<latexit sha1_base64="99YkQURpXciPdR9bTUAPgfSyOnI=">AAACR3icbZBLSwMxFIUz9VXrq+rSTbAIrspMUXQjFNy4rGgf0NYhk2ba0MyD5I5Yhvw7N27d+RfcuFDEpZm2orY9EDh8516SHC8WXIFtv1i5peWV1bX8emFjc2t7p7i711BRIimr00hEsuURxQQPWR04CNaKJSOBJ1jTG15mefOeScWj8BZGMesGpB9yn1MCBrnFu05k4mw7vdFu6lQ0vsC/rAPsAQBSovWP9Tw9n1O9GLrFkl22x8LzxpmaEpqq5hafO72IJgELgQqiVNuxY+imRAKngulCJ1EsJnRI+qxtbEgCprrpuAeNjwzpYT+S5oSAx/TvRkoCpUaBZyYDAgM1m2VwUdZOwD/vpjyME2AhnVzkJwJDhLNScY9LRkGMjCFUcvNWTAdEEgqm+oIpwZn98rxpVMrOSfn0+qRUrUzryKMDdIiOkYPOUBVdoRqqI4oe0St6Rx/Wk/VmfVpfk9GcNd3ZR/+Us74B0FC2qQ==</latexit>

S13 = abbcc

<latexit sha1_base64="RMNw/VRQnQ4ersZxD1FDBAL7rAQ=">AAACPHicbVC7SgNBFJ2Nrxhfq5Y2g0GwCrsxoo0QsLGMxDwgCWF2MkmGzD6YuSuGZT/Mxo+ws7KxUMTW2tlkg5rkwMDhnHO5c48TCK7Asl6MzMrq2vpGdjO3tb2zu2fuH9SVH0rKatQXvmw6RDHBPVYDDoI1A8mI6wjWcEbXid+4Z1Jx37uDccA6Lhl4vM8pAS11zWrb13YyHVXjbmSfxfgKt4E9AEBE4hlznPg3OBNpvFzsmnmrYE2AF4mdkjxKUemaz+2eT0OXeUAFUaplWwF0IiKBU8HiXDtULCB0RAaspalHXKY60eT4GJ9opYf7vtTPAzxR/05ExFVq7Do66RIYqnkvEZd5rRD6l52Ie0EIzKPTRf1QYPBx0iTucckoiLEmhEqu/4rpkEhCQfed0yXY8ycvknqxYJcK57elfLmY1pFFR+gYnSIbXaAyukEVVEMUPaJX9I4+jCfjzfg0vqbRjJHOHKJ/ML5/AH15soM=</latexit>

S14 = abbcc

<latexit sha1_base64="1qRY6p/i38NXARgR4WWZf5V1CxQ=">AAACUHicbZFLTwIxFIXv4Avxhbp000hMXJEZgtGNCYkblxgFTICQTinQ0HmkvWMkk/mJbtj5O9y40GiHR1DgJk2/nHNv2p66oRQabfvdymxsbm3vZHdze/sHh0f545O6DiLFeI0FMlDPLtVcCp/XUKDkz6Hi1HMlb7jDu9RvvHClReA/4SjkbY/2fdETjKKROvl+KzB2Oh0/Jp3YKSfklrSQvyJiTJOFO9fcJFngqs2S9WInX7CL9qTIKjgzKMCsqp38uNUNWORxH5mkWjcdO8R2TBUKJnmSa0Wah5QNaZ83DfrU47odTwJJyIVRuqQXKLN8JBP170RMPa1Hnms6PYoDveyl4jqvGWHvph0LP4yQ+2x6UC+SBAOSpku6QnGGcmSAMiXMXQkbUEUZmj/ImRCc5SevQr1UdMrFq4dyoVKaxZGFMziHS3DgGipwD1WoAYM3+IAv+LbG1qf1k7GmrfMdTuFfZXK/kFq6Bw==</latexit>

S15 = abbcc

<latexit sha1_base64="4BHU9Lb/730POLF1lkM4zslQT3g=">AAACW3icjZFLSwMxFIUzU7W1Vq2KKzfBIrgqM6VFN0LBjcuK9gHtMGTStA3NPEjuiGWYP+lKF/4VMdOOqFXBC4HDd+7lJideJLgCy3oxzMLG5laxtF3eqezu7VcPDnsqjCVlXRqKUA48opjgAesCB8EGkWTE9wTre/PrzO8/MKl4GNzDImKOT6YBn3BKQCO3KkehtrPp5C51E7uV4is8AvYIAAlJP90P5qX/hfQP6FZrVt1aFv4p7FzUUF4dt/o0Goc09lkAVBClhrYVgZMQCZwKlpZHsWIRoXMyZUMtA+Iz5STLbFJ8pskYT0KpTwB4Sb9OJMRXauF7utMnMFPrXgZ/84YxTC6dhAdRDCygq0WTWGAIcRY0HnPJKIiFFoRKru+K6YxIQkF/R1mHYK8/+afoNep2s966bdbajTyOEjpBp+gc2egCtdEN6qAuougZvRlFo2S8mgWzbFZWraaRzxyhb2UevwOuwrsy</latexit>

S6 = acc

<latexit sha1_base64="2DEcFwaAhYw4NdyLCQUTbzbwP7w=">AAACGnicbVDLSsNAFJ34rPUVdelmsAiuSlLqYyMU3LisaB/QhjCZTtuhkwczN2IJ+Q43/oobF4q4Ezf+jZM2orYeGDiccw937vEiwRVY1qexsLi0vLJaWCuub2xubZs7u00VxpKyBg1FKNseUUzwgDWAg2DtSDLie4K1vNFF5rdumVQ8DG5gHDHHJ4OA9zkloCXXtLuhtrN0cp26J/gc/whdYHcAkJA0/aaUpq5ZssrWBHie2DkpoRx113zv9kIa+ywAKohSHduKwEmIBE4FS4vdWLGI0BEZsI6mAfGZcpLJaSk+1EoP90OpXwB4ov5OJMRXaux7etInMFSzXib+53Vi6J85CQ+iGFhAp4v6scAQ4qwn3OOSURBjTQiVXP8V0yGRhIJus6hLsGdPnifNStmulo+vqqVaJa+jgPbRATpCNjpFNXSJ6qiBKLpHj+gZvRgPxpPxarxNRxeMPLOH/sD4+AK8JaKL</latexit>

1

<latexit sha1_base64="vonVkZ8KhNOih+DdP1vss5VcaOk=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4Kkmp6LHgxWML9gPaUDbbSbt2swm7G6GE/gIvHhTx6k/y5r9x2+agrQ8GHu/NMDMvSATXxnW/nY3Nre2d3cJecf/g8Oi4dHLa1nGqGLZYLGLVDahGwSW2DDcCu4lCGgUCO8Hkbu53nlBpHssHM03Qj+hI8pAzaqzU9AalsltxFyDrxMtJGXI0BqWv/jBmaYTSMEG17nluYvyMKsOZwFmxn2pMKJvQEfYslTRC7WeLQ2fk0ipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDWz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m6INwVt9eZ20qxWvVrlu1sr1ah5HAc7hAq7Agxuowz00oAUMEJ7hFd6cR+fFeXc+lq0bTj5zBn/gfP4AeGWMrQ==</latexit>

2

<latexit sha1_base64="3sDaU3g1+Pxf1BBEqH9nnraQSHs=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4Kkmp6LHgxWML9gPaUDbbSbt2swm7G6GE/gIvHhTx6k/y5r9x2+agrQ8GHu/NMDMvSATXxnW/nY3Nre2d3cJecf/g8Oi4dHLa1nGqGLZYLGLVDahGwSW2DDcCu4lCGgUCO8Hkbu53nlBpHssHM03Qj+hI8pAzaqzUrA5KZbfiLkDWiZeTMuRoDEpf/WHM0gilYYJq3fPcxPgZVYYzgbNiP9WYUDahI+xZKmmE2s8Wh87IpVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGtn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNkUbgrf68jppVyterXLdrJXr1TyOApzDBVyBBzdQh3toQAsYIDzDK7w5j86L8+58LFs3nHzmDP7A+fwBeemMrg==</latexit>

3

<latexit sha1_base64="tmV3nTyEA9MG87ACvv0+0fqjk40=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHYRo0cSLx4hkUcCGzI79MLI7OxmZtaEEL7AiweN8eonefNvHGAPClbSSaWqO91dQSK4Nq777eQ2Nre2d/K7hb39g8Oj4vFJS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfju7nffkKleSwfzCRBP6JDyUPOqLFS46pfLLlldwGyTryMlCBDvV/86g1ilkYoDRNU667nJsafUmU4Ezgr9FKNCWVjOsSupZJGqP3p4tAZubDKgISxsiUNWai/J6Y00noSBbYzomakV725+J/XTU1460+5TFKDki0XhakgJibzr8mAK2RGTCyhTHF7K2EjqigzNpuCDcFbfXmdtCplr1q+blRLtUoWRx7O4BwuwYMbqME91KEJDBCe4RXenEfnxXl3PpatOSebOYU/cD5/AHttjK8=</latexit>

4

<latexit sha1_base64="G1rF17oDEzlwHOh3R6eiQp7Bnyk=">AAAB5HicbVBNS8NAEJ3Urxq/qlcvi0XwVJJS0WPBi8cK9gPaUDbbSbt2swm7G6GE/gIvHhSv/iZv/hu3bQ7a+mDg8d4MM/PCVHBtPO/bKW1t7+zulffdg8Oj45OKe9rRSaYYtlkiEtULqUbBJbYNNwJ7qUIahwK74fRu4XefUWmeyEczSzGI6VjyiDNqrPTQGFaqXs1bgmwSvyBVKNAaVr4Go4RlMUrDBNW673upCXKqDGcC5+4g05hSNqVj7FsqaYw6yJeHzsmlVUYkSpQtachS/T2R01jrWRzazpiaiV73FuJ/Xj8z0W2Qc5lmBiVbLYoyQUxCFl+TEVfIjJhZQpni9lbCJlRRZmw2rg3BX395k3TqNb9Ru64260UYZTiHC7gCH26gCffQgjYwQHiBN3h3npxX52PVWHKKiTP4A+fzBxKbi4Y=</latexit>

5

<latexit sha1_base64="xNeFLtCrMkz8U7yDHYiN1q4Jz8Y=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHYJRI8kXjxCIo8ENmR2aGBkdnYzM2tCNnyBFw8a49VP8ubfOMAeFKykk0pVd7q7glhwbVz328ltbe/s7uX3CweHR8cnxdOzto4SxbDFIhGpbkA1Ci6xZbgR2I0V0jAQ2Ammdwu/84RK80g+mFmMfkjHko84o8ZKzdqgWHLL7hJkk3gZKUGGxqD41R9GLAlRGiao1j3PjY2fUmU4Ezgv9BONMWVTOsaepZKGqP10eeicXFllSEaRsiUNWaq/J1Iaaj0LA9sZUjPR695C/M/rJWZ066dcxolByVaLRokgJiKLr8mQK2RGzCyhTHF7K2ETqigzNpuCDcFbf3mTtCtlr1quNauleiWLIw8XcAnX4MEN1OEeGtACBgjP8ApvzqPz4rw7H6vWnJPNnMMfOJ8/fnWMsQ==</latexit>

6

<latexit sha1_base64="1krvbRJHueyQEhEgeaB22dHSkwk=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHYJPo4kXjxCIo8ENmR26IWR2dnNzKwJIXyBFw8a49VP8ubfOMAeFKykk0pVd7q7gkRwbVz328ltbG5t7+R3C3v7B4dHxeOTlo5TxbDJYhGrTkA1Ci6xabgR2EkU0igQ2A7Gd3O//YRK81g+mEmCfkSHkoecUWOlxnW/WHLL7gJknXgZKUGGer/41RvELI1QGiao1l3PTYw/pcpwJnBW6KUaE8rGdIhdSyWNUPvTxaEzcmGVAQljZUsaslB/T0xppPUkCmxnRM1Ir3pz8T+vm5rw1p9ymaQGJVsuClNBTEzmX5MBV8iMmFhCmeL2VsJGVFFmbDYFG4K3+vI6aVXKXrV81aiWapUsjjycwTlcggc3UIN7qEMTGCA8wyu8OY/Oi/PufCxbc042cwp/4Hz+AH/5jLI=</latexit>

7

<latexit sha1_base64="KRS39l7iqrIu0iPqVu5lgbmgEYU=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHYJBo8kXjxCIo8ENmR2aGBkdnYzM2tCNnyBFw8a49VP8ubfOMAeFKykk0pVd7q7glhwbVz328ltbe/s7uX3CweHR8cnxdOzto4SxbDFIhGpbkA1Ci6xZbgR2I0V0jAQ2Ammdwu/84RK80g+mFmMfkjHko84o8ZKzdqgWHLL7hJkk3gZKUGGxqD41R9GLAlRGiao1j3PjY2fUmU4Ezgv9BONMWVTOsaepZKGqP10eeicXFllSEaRsiUNWaq/J1Iaaj0LA9sZUjPR695C/M/rJWZ066dcxolByVaLRokgJiKLr8mQK2RGzCyhTHF7K2ETqigzNpuCDcFbf3mTtCtlr1q+aVZL9UoWRx4u4BKuwYMa1OEeGtACBgjP8ApvzqPz4rw7H6vWnJPNnMMfOJ8/gX2Msw==</latexit>

8

<latexit sha1_base64="IbjiB1RfBb8SYn+bLJ14WxXySHo=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHYJRo4kXjxCIo8ENmR2aGBkdnYzM2tCNnyBFw8a49VP8ubfOMAeFKykk0pVd7q7glhwbVz328ltbe/s7uX3CweHR8cnxdOzto4SxbDFIhGpbkA1Ci6xZbgR2I0V0jAQ2Ammdwu/84RK80g+mFmMfkjHko84o8ZKzdqgWHLL7hJkk3gZKUGGxqD41R9GLAlRGiao1j3PjY2fUmU4Ezgv9BONMWVTOsaepZKGqP10eeicXFllSEaRsiUNWaq/J1Iaaj0LA9sZUjPR695C/M/rJWZU81Mu48SgZKtFo0QQE5HF12TIFTIjZpZQpri9lbAJVZQZm03BhuCtv7xJ2pWyVy3fNKuleiWLIw8XcAnX4MEt1OEeGtACBgjP8ApvzqPz4rw7H6vWnJPNnMMfOJ8/gwGMtA==</latexit>

9

<latexit sha1_base64="+3Q+38m/N77MxBsu5jk4QvRwKlc=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKeyGiHoLePGYgHlAsoTZSW8yZnZ2mZkVQsgXePGgiFc/yZt/4yTZgyYWNBRV3XR3BYng2rjut5Pb2Nza3snvFvb2Dw6PiscnLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2M7+Z++wmV5rF8MJME/YgOJQ85o8ZKjdt+seSW3QXIOvEyUoIM9X7xqzeIWRqhNExQrbuemxh/SpXhTOCs0Es1JpSN6RC7lkoaofani0Nn5MIqAxLGypY0ZKH+npjSSOtJFNjOiJqRXvXm4n9eNzXhjT/lMkkNSrZcFKaCmJjMvyYDrpAZMbGEMsXtrYSNqKLM2GwKNgRv9eV10qqUvWr5qlEt1SpZHHk4g3O4BA+uoQb3UIcmMEB4hld4cx6dF+fd+Vi25pxs5hT+wPn8AYSFjLU=</latexit>

10

<latexit sha1_base64="/jIZ7y3LOyCrAzXDM6VaE4HnGcM=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lKRY8FLx6r2A9oQ9lsN+3SzSbsToQS+g+8eFDEq//Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbud+54lrI2L1iNOE+xEdKREKRtFKD547KFfcqrsAWSdeTiqQozkof/WHMUsjrpBJakzPcxP0M6pRMMlnpX5qeELZhI54z1JFI278bHHpjFxYZUjCWNtSSBbq74mMRsZMo8B2RhTHZtWbi/95vRTDGz8TKkmRK7ZcFKaSYEzmb5Oh0JyhnFpCmRb2VsLGVFOGNpySDcFbfXmdtGtVr169uq9XGrU8jiKcwTlcggfX0IA7aEILGITwDK/w5kycF+fd+Vi2Fpx85hT+wPn8AeY6jOc=</latexit>

11

<latexit sha1_base64="mAKzNFFmETQSxs1k2AuwTD9+fOc=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lKRY8FLx6r2A9oQ9lsN+3SzSbsToQS+g+8eFDEq//Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbud+54lrI2L1iNOE+xEdKREKRtFKD543KFfcqrsAWSdeTiqQozkof/WHMUsjrpBJakzPcxP0M6pRMMlnpX5qeELZhI54z1JFI278bHHpjFxYZUjCWNtSSBbq74mMRsZMo8B2RhTHZtWbi/95vRTDGz8TKkmRK7ZcFKaSYEzmb5Oh0JyhnFpCmRb2VsLGVFOGNpySDcFbfXmdtGtVr169uq9XGrU8jiKcwTlcggfX0IA7aEILGITwDK/w5kycF+fd+Vi2Fpx85hT+wPn8Aee+jOg=</latexit>

12

<latexit sha1_base64="PQeYsuegosU++t1tnHbybNYYIEU=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lKRY8FLx6r2A9oQ9lsN+3SzSbsToQS+g+8eFDEq//Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbud+54lrI2L1iNOE+xEdKREKRtFKD15tUK64VXcBsk68nFQgR3NQ/uoPY5ZGXCGT1Jie5yboZ1SjYJLPSv3U8ISyCR3xnqWKRtz42eLSGbmwypCEsbalkCzU3xMZjYyZRoHtjCiOzao3F//zeimGN34mVJIiV2y5KEwlwZjM3yZDoTlDObWEMi3srYSNqaYMbTglG4K3+vI6adeqXr16dV+vNGp5HEU4g3O4BA+uoQF30IQWMAjhGV7hzZk4L86787FsLTj5zCn8gfP5A+lCjOk=</latexit>

13

<latexit sha1_base64="RdYlOJODUGIw0muEDacJJyv890k=">AAAB6XicbVBNS8NAEJ34WetX1aOXxSJ4Kkmt6LHgxWMV+wFtKJvtpl262YTdiVBC/4EXD4p49R9589+4bXPQ1gcDj/dmmJkXJFIYdN1vZ219Y3Nru7BT3N3bPzgsHR23TJxqxpsslrHuBNRwKRRvokDJO4nmNAokbwfj25nffuLaiFg94iThfkSHSoSCUbTSg3fZL5XdijsHWSVeTsqQo9EvffUGMUsjrpBJakzXcxP0M6pRMMmnxV5qeELZmA5511JFI278bH7plJxbZUDCWNtSSObq74mMRsZMosB2RhRHZtmbif953RTDGz8TKkmRK7ZYFKaSYExmb5OB0JyhnFhCmRb2VsJGVFOGNpyiDcFbfnmVtKoVr1a5uq+V69U8jgKcwhlcgAfXUIc7aEATGITwDK/w5oydF+fd+Vi0rjn5zAn8gfP5A+rGjOo=</latexit>

14

<latexit sha1_base64="kNjgyZQNY+xr+qKG+YAVRY5tNgw=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lKRY8FLx6r2A9oQ9lsN+3SzSbsToQS+g+8eFDEq//Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbud+54lrI2L1iNOE+xEdKREKRtFKD159UK64VXcBsk68nFQgR3NQ/uoPY5ZGXCGT1Jie5yboZ1SjYJLPSv3U8ISyCR3xnqWKRtz42eLSGbmwypCEsbalkCzU3xMZjYyZRoHtjCiOzao3F//zeimGN34mVJIiV2y5KEwlwZjM3yZDoTlDObWEMi3srYSNqaYMbTglG4K3+vI6adeqXr16dV+vNGp5HEU4g3O4BA+uoQF30IQWMAjhGV7hzZk4L86787FsLTj5zCn8gfP5A+xKjOs=</latexit>

15

<latexit sha1_base64="d0lxtBJgJkqhldmfXaLM/FPEQHg=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lKix4LXjxWsbXQhrLZbtqlm03YnQgl9B948aCIV/+RN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgobm1vbO8Xd0t7+weFR+fikY+JUM95msYx1N6CGS6F4GwVK3k00p1Eg+WMwuZn7j09cGxGrB5wm3I/oSIlQMIpWuvcag3LFrboLkHXi5aQCOVqD8ld/GLM04gqZpMb0PDdBP6MaBZN8VuqnhieUTeiI9yxVNOLGzxaXzsiFVYYkjLUthWSh/p7IaGTMNApsZ0RxbFa9ufif10sxvPYzoZIUuWLLRWEqCcZk/jYZCs0ZyqkllGlhbyVsTDVlaMMp2RC81ZfXSadW9erVxl290qzlcRThDM7hEjy4gibcQgvawCCEZ3iFN2fivDjvzseyteDkM6fwB87nD+3OjOw=</latexit>

16

<latexit sha1_base64="6T/5vh7fmIGw786T3MD4lyKDUhQ=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lK/TgWvHisYmuhDWWz3bRLN5uwOxFK6D/w4kERr/4jb/4bt20O2vpg4PHeDDPzgkQKg6777RTW1jc2t4rbpZ3dvf2D8uFR28SpZrzFYhnrTkANl0LxFgqUvJNoTqNA8sdgfDPzH5+4NiJWDzhJuB/RoRKhYBStdO9d9ssVt+rOQVaJl5MK5Gj2y1+9QczSiCtkkhrT9dwE/YxqFEzyaamXGp5QNqZD3rVU0YgbP5tfOiVnVhmQMNa2FJK5+nsio5ExkyiwnRHFkVn2ZuJ/XjfF8NrPhEpS5IotFoWpJBiT2dtkIDRnKCeWUKaFvZWwEdWUoQ2nZEPwll9eJe1a1atXL+7qlUYtj6MIJ3AK5+DBFTTgFprQAgYhPMMrvDlj58V5dz4WrQUnnzmGP3A+fwDvUozt</latexit>

a

<latexit sha1_base64="nTdePQSxpVT6YQRS+sWSBQ1ISZk=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4Kkmp6LHgxWML9gPaUDbbSbt2swm7G6GE/gIvHhTx6k/y5r9x2+agrQ8GHu/NMDMvSATXxnW/nY3Nre2d3cJecf/g8Oi4dHLa1nGqGLZYLGLVDahGwSW2DDcCu4lCGgUCO8Hkbu53nlBpHssHM03Qj+hI8pAzaqzUpINS2a24C5B14uWkDDkag9JXfxizNEJpmKBa9zw3MX5GleFM4KzYTzUmlE3oCHuWShqh9rPFoTNyaZUhCWNlSxqyUH9PZDTSehoFtjOiZqxXvbn4n9dLTXjrZ1wmqUHJlovCVBATk/nXZMgVMiOmllCmuL2VsDFVlBmbTdGG4K2+vE7a1YpXq1w3a+V6NY+jAOdwAVfgwQ3U4R4a0AIGCM/wCm/Oo/PivDsfy9YNJ585gz9wPn8AwSWM3Q==</latexit>

a

<latexit sha1_base64="nTdePQSxpVT6YQRS+sWSBQ1ISZk=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4Kkmp6LHgxWML9gPaUDbbSbt2swm7G6GE/gIvHhTx6k/y5r9x2+agrQ8GHu/NMDMvSATXxnW/nY3Nre2d3cJecf/g8Oi4dHLa1nGqGLZYLGLVDahGwSW2DDcCu4lCGgUCO8Hkbu53nlBpHssHM03Qj+hI8pAzaqzUpINS2a24C5B14uWkDDkag9JXfxizNEJpmKBa9zw3MX5GleFM4KzYTzUmlE3oCHuWShqh9rPFoTNyaZUhCWNlSxqyUH9PZDTSehoFtjOiZqxXvbn4n9dLTXjrZ1wmqUHJlovCVBATk/nXZMgVMiOmllCmuL2VsDFVlBmbTdGG4K2+vE7a1YpXq1w3a+V6NY+jAOdwAVfgwQ3U4R4a0AIGCM/wCm/Oo/PivDsfy9YNJ585gz9wPn8AwSWM3Q==</latexit>

c

<latexit sha1_base64="aPc6zqFCLNljIbWqYyu7CehMR3c=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4Kkmp6LHgxWML9gPaUDbbSbt2swm7G6GE/gIvHhTx6k/y5r9x2+agrQ8GHu/NMDMvSATXxnW/nY3Nre2d3cJecf/g8Oi4dHLa1nGqGLZYLGLVDahGwSW2DDcCu4lCGgUCO8Hkbu53nlBpHssHM03Qj+hI8pAzaqzUZINS2a24C5B14uWkDDkag9JXfxizNEJpmKBa9zw3MX5GleFM4KzYTzUmlE3oCHuWShqh9rPFoTNyaZUhCWNlSxqyUH9PZDTSehoFtjOiZqxXvbn4n9dLTXjrZ1wmqUHJlovCVBATk/nXZMgVMiOmllCmuL2VsDFVlBmbTdGG4K2+vE7a1YpXq1w3a+V6NY+jAOdwAVfgwQ3U4R4a0AIGCM/wCm/Oo/PivDsfy9YNJ585gz9wPn8AxC2M3w==</latexit>

1

<latexit sha1_base64="vonVkZ8KhNOih+DdP1vss5VcaOk=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4Kkmp6LHgxWML9gPaUDbbSbt2swm7G6GE/gIvHhTx6k/y5r9x2+agrQ8GHu/NMDMvSATXxnW/nY3Nre2d3cJecf/g8Oi4dHLa1nGqGLZYLGLVDahGwSW2DDcCu4lCGgUCO8Hkbu53nlBpHssHM03Qj+hI8pAzaqzU9AalsltxFyDrxMtJGXI0BqWv/jBmaYTSMEG17nluYvyMKsOZwFmxn2pMKJvQEfYslTRC7WeLQ2fk0ipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDWz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m6INwVt9eZ20qxWvVrlu1sr1ah5HAc7hAq7Agxuowz00oAUMEJ7hFd6cR+fFeXc+lq0bTj5zBn/gfP4AeGWMrQ==</latexit>

2

<latexit sha1_base64="3sDaU3g1+Pxf1BBEqH9nnraQSHs=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4Kkmp6LHgxWML9gPaUDbbSbt2swm7G6GE/gIvHhTx6k/y5r9x2+agrQ8GHu/NMDMvSATXxnW/nY3Nre2d3cJecf/g8Oi4dHLa1nGqGLZYLGLVDahGwSW2DDcCu4lCGgUCO8Hkbu53nlBpHssHM03Qj+hI8pAzaqzUrA5KZbfiLkDWiZeTMuRoDEpf/WHM0gilYYJq3fPcxPgZVYYzgbNiP9WYUDahI+xZKmmE2s8Wh87IpVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGtn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNkUbgrf68jppVyterXLdrJXr1TyOApzDBVyBBzdQh3toQAsYIDzDK7w5j86L8+58LFs3nHzmDP7A+fwBeemMrg==</latexit>

3

<latexit sha1_base64="tmV3nTyEA9MG87ACvv0+0fqjk40=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHYRo0cSLx4hkUcCGzI79MLI7OxmZtaEEL7AiweN8eonefNvHGAPClbSSaWqO91dQSK4Nq777eQ2Nre2d/K7hb39g8Oj4vFJS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfju7nffkKleSwfzCRBP6JDyUPOqLFS46pfLLlldwGyTryMlCBDvV/86g1ilkYoDRNU667nJsafUmU4Ezgr9FKNCWVjOsSupZJGqP3p4tAZubDKgISxsiUNWai/J6Y00noSBbYzomakV725+J/XTU1460+5TFKDki0XhakgJibzr8mAK2RGTCyhTHF7K2EjqigzNpuCDcFbfXmdtCplr1q+blRLtUoWRx7O4BwuwYMbqME91KEJDBCe4RXenEfnxXl3PpatOSebOYU/cD5/AHttjK8=</latexit>

4

<latexit sha1_base64="G1rF17oDEzlwHOh3R6eiQp7Bnyk=">AAAB5HicbVBNS8NAEJ3Urxq/qlcvi0XwVJJS0WPBi8cK9gPaUDbbSbt2swm7G6GE/gIvHhSv/iZv/hu3bQ7a+mDg8d4MM/PCVHBtPO/bKW1t7+zulffdg8Oj45OKe9rRSaYYtlkiEtULqUbBJbYNNwJ7qUIahwK74fRu4XefUWmeyEczSzGI6VjyiDNqrPTQGFaqXs1bgmwSvyBVKNAaVr4Go4RlMUrDBNW673upCXKqDGcC5+4g05hSNqVj7FsqaYw6yJeHzsmlVUYkSpQtachS/T2R01jrWRzazpiaiV73FuJ/Xj8z0W2Qc5lmBiVbLYoyQUxCFl+TEVfIjJhZQpni9lbCJlRRZmw2rg3BX395k3TqNb9Ru64260UYZTiHC7gCH26gCffQgjYwQHiBN3h3npxX52PVWHKKiTP4A+fzBxKbi4Y=</latexit>

5

<latexit sha1_base64="xNeFLtCrMkz8U7yDHYiN1q4Jz8Y=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHYJRI8kXjxCIo8ENmR2aGBkdnYzM2tCNnyBFw8a49VP8ubfOMAeFKykk0pVd7q7glhwbVz328ltbe/s7uX3CweHR8cnxdOzto4SxbDFIhGpbkA1Ci6xZbgR2I0V0jAQ2Ammdwu/84RK80g+mFmMfkjHko84o8ZKzdqgWHLL7hJkk3gZKUGGxqD41R9GLAlRGiao1j3PjY2fUmU4Ezgv9BONMWVTOsaepZKGqP10eeicXFllSEaRsiUNWaq/J1Iaaj0LA9sZUjPR695C/M/rJWZ066dcxolByVaLRokgJiKLr8mQK2RGzCyhTHF7K2ETqigzNpuCDcFbf3mTtCtlr1quNauleiWLIw8XcAnX4MEN1OEeGtACBgjP8ApvzqPz4rw7H6vWnJPNnMMfOJ8/fnWMsQ==</latexit>

c

<latexit sha1_base64="aPc6zqFCLNljIbWqYyu7CehMR3c=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4Kkmp6LHgxWML9gPaUDbbSbt2swm7G6GE/gIvHhTx6k/y5r9x2+agrQ8GHu/NMDMvSATXxnW/nY3Nre2d3cJecf/g8Oi4dHLa1nGqGLZYLGLVDahGwSW2DDcCu4lCGgUCO8Hkbu53nlBpHssHM03Qj+hI8pAzaqzUZINS2a24C5B14uWkDDkag9JXfxizNEJpmKBa9zw3MX5GleFM4KzYTzUmlE3oCHuWShqh9rPFoTNyaZUhCWNlSxqyUH9PZDTSehoFtjOiZqxXvbn4n9dLTXjrZ1wmqUHJlovCVBATk/nXZMgVMiOmllCmuL2VsDFVlBmbTdGG4K2+vE7a1YpXq1w3a+V6NY+jAOdwAVfgwQ3U4R4a0AIGCM/wCm/Oo/PivDsfy9YNJ585gz9wPn8AxC2M3w==</latexit>

b

<latexit sha1_base64="oHZvu5RlixdIFMvPFIqaUXsXZNc=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4Kkmp6LHgxWML9gPaUDbbSbt2swm7G6GE/gIvHhTx6k/y5r9x2+agrQ8GHu/NMDMvSATXxnW/nY3Nre2d3cJecf/g8Oi4dHLa1nGqGLZYLGLVDahGwSW2DDcCu4lCGgUCO8Hkbu53nlBpHssHM03Qj+hI8pAzaqzUDAalsltxFyDrxMtJGXI0BqWv/jBmaYTSMEG17nluYvyMKsOZwFmxn2pMKJvQEfYslTRC7WeLQ2fk0ipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDWz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m6INwVt9eZ20qxWvVrlu1sr1ah5HAc7hAq7Agxuowz00oAUMEJ7hFd6cR+fFeXc+lq0bTj5zBn/gfP4AwqmM3g==</latexit>

b

<latexit sha1_base64="oHZvu5RlixdIFMvPFIqaUXsXZNc=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4Kkmp6LHgxWML9gPaUDbbSbt2swm7G6GE/gIvHhTx6k/y5r9x2+agrQ8GHu/NMDMvSATXxnW/nY3Nre2d3cJecf/g8Oi4dHLa1nGqGLZYLGLVDahGwSW2DDcCu4lCGgUCO8Hkbu53nlBpHssHM03Qj+hI8pAzaqzUDAalsltxFyDrxMtJGXI0BqWv/jBmaYTSMEG17nluYvyMKsOZwFmxn2pMKJvQEfYslTRC7WeLQ2fk0ipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDWz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m6INwVt9eZ20qxWvVrlu1sr1ah5HAc7hAq7Agxuowz00oAUMEJ7hFd6cR+fFeXc+lq0bTj5zBn/gfP4AwqmM3g==</latexit>

a

<latexit sha1_base64="nTdePQSxpVT6YQRS+sWSBQ1ISZk=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4Kkmp6LHgxWML9gPaUDbbSbt2swm7G6GE/gIvHhTx6k/y5r9x2+agrQ8GHu/NMDMvSATXxnW/nY3Nre2d3cJecf/g8Oi4dHLa1nGqGLZYLGLVDahGwSW2DDcCu4lCGgUCO8Hkbu53nlBpHssHM03Qj+hI8pAzaqzUpINS2a24C5B14uWkDDkag9JXfxizNEJpmKBa9zw3MX5GleFM4KzYTzUmlE3oCHuWShqh9rPFoTNyaZUhCWNlSxqyUH9PZDTSehoFtjOiZqxXvbn4n9dLTXjrZ1wmqUHJlovCVBATk/nXZMgVMiOmllCmuL2VsDFVlBmbTdGG4K2+vE7a1YpXq1w3a+V6NY+jAOdwAVfgwQ3U4R4a0AIGCM/wCm/Oo/PivDsfy9YNJ585gz9wPn8AwSWM3Q==</latexit>



• Segment selection problem:  Compactly represent collection of n horizontal line 
segments to support

• segment-select(i,j): return the jth smallest segment crossing the vertical line 

through x-coordinate i. 

Segment Selection

1

<latexit sha1_base64="vonVkZ8KhNOih+DdP1vss5VcaOk=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4Kkmp6LHgxWML9gPaUDbbSbt2swm7G6GE/gIvHhTx6k/y5r9x2+agrQ8GHu/NMDMvSATXxnW/nY3Nre2d3cJecf/g8Oi4dHLa1nGqGLZYLGLVDahGwSW2DDcCu4lCGgUCO8Hkbu53nlBpHssHM03Qj+hI8pAzaqzU9AalsltxFyDrxMtJGXI0BqWv/jBmaYTSMEG17nluYvyMKsOZwFmxn2pMKJvQEfYslTRC7WeLQ2fk0ipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDWz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m6INwVt9eZ20qxWvVrlu1sr1ah5HAc7hAq7Agxuowz00oAUMEJ7hFd6cR+fFeXc+lq0bTj5zBn/gfP4AeGWMrQ==</latexit>

2

<latexit sha1_base64="3sDaU3g1+Pxf1BBEqH9nnraQSHs=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4Kkmp6LHgxWML9gPaUDbbSbt2swm7G6GE/gIvHhTx6k/y5r9x2+agrQ8GHu/NMDMvSATXxnW/nY3Nre2d3cJecf/g8Oi4dHLa1nGqGLZYLGLVDahGwSW2DDcCu4lCGgUCO8Hkbu53nlBpHssHM03Qj+hI8pAzaqzUrA5KZbfiLkDWiZeTMuRoDEpf/WHM0gilYYJq3fPcxPgZVYYzgbNiP9WYUDahI+xZKmmE2s8Wh87IpVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGtn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNkUbgrf68jppVyterXLdrJXr1TyOApzDBVyBBzdQh3toQAsYIDzDK7w5j86L8+58LFs3nHzmDP7A+fwBeemMrg==</latexit>

3

<latexit sha1_base64="tmV3nTyEA9MG87ACvv0+0fqjk40=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHYRo0cSLx4hkUcCGzI79MLI7OxmZtaEEL7AiweN8eonefNvHGAPClbSSaWqO91dQSK4Nq777eQ2Nre2d/K7hb39g8Oj4vFJS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfju7nffkKleSwfzCRBP6JDyUPOqLFS46pfLLlldwGyTryMlCBDvV/86g1ilkYoDRNU667nJsafUmU4Ezgr9FKNCWVjOsSupZJGqP3p4tAZubDKgISxsiUNWai/J6Y00noSBbYzomakV725+J/XTU1460+5TFKDki0XhakgJibzr8mAK2RGTCyhTHF7K2EjqigzNpuCDcFbfXmdtCplr1q+blRLtUoWRx7O4BwuwYMbqME91KEJDBCe4RXenEfnxXl3PpatOSebOYU/cD5/AHttjK8=</latexit>

4

<latexit sha1_base64="G1rF17oDEzlwHOh3R6eiQp7Bnyk=">AAAB5HicbVBNS8NAEJ3Urxq/qlcvi0XwVJJS0WPBi8cK9gPaUDbbSbt2swm7G6GE/gIvHhSv/iZv/hu3bQ7a+mDg8d4MM/PCVHBtPO/bKW1t7+zulffdg8Oj45OKe9rRSaYYtlkiEtULqUbBJbYNNwJ7qUIahwK74fRu4XefUWmeyEczSzGI6VjyiDNqrPTQGFaqXs1bgmwSvyBVKNAaVr4Go4RlMUrDBNW673upCXKqDGcC5+4g05hSNqVj7FsqaYw6yJeHzsmlVUYkSpQtachS/T2R01jrWRzazpiaiV73FuJ/Xj8z0W2Qc5lmBiVbLYoyQUxCFl+TEVfIjJhZQpni9lbCJlRRZmw2rg3BX395k3TqNb9Ru64260UYZTiHC7gCH26gCffQgjYwQHiBN3h3npxX52PVWHKKiTP4A+fzBxKbi4Y=</latexit>

5

<latexit sha1_base64="xNeFLtCrMkz8U7yDHYiN1q4Jz8Y=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHYJRI8kXjxCIo8ENmR2aGBkdnYzM2tCNnyBFw8a49VP8ubfOMAeFKykk0pVd7q7glhwbVz328ltbe/s7uX3CweHR8cnxdOzto4SxbDFIhGpbkA1Ci6xZbgR2I0V0jAQ2Ammdwu/84RK80g+mFmMfkjHko84o8ZKzdqgWHLL7hJkk3gZKUGGxqD41R9GLAlRGiao1j3PjY2fUmU4Ezgv9BONMWVTOsaepZKGqP10eeicXFllSEaRsiUNWaq/J1Iaaj0LA9sZUjPR695C/M/rJWZ066dcxolByVaLRokgJiKLr8mQK2RGzCyhTHF7K2ETqigzNpuCDcFbf3mTtCtlr1quNauleiWLIw8XcAnX4MEN1OEeGtACBgjP8ApvzqPz4rw7H6vWnJPNnMMfOJ8/fnWMsQ==</latexit>

10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28

<latexit sha1_base64="lTJlnX7/UMRRcZwxJPvH3l0NdCI="></latexit>

1

<latexit sha1_base64="mphGgQZ73ClNR9f3vZYpmRPhI4U=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KkkpqLeCF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9djY2t7Z3dgt7xf2Dw6Pj0slpW8epYthisYhVN6AaBZfYMtwI7CYKaRQI7ASTu7nfeUKleSwfzDRBP6IjyUPOqLFS0xuUym7FXYCsEy8nZcjRGJS++sOYpRFKwwTVuue5ifEzqgxnAmfFfqoxoWxCR9izVNIItZ8tDp2RS6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbIo2BG/15XXSrla8WuW2WSvXq3kcBTiHC7gCD66hDvfQgBYwQHiGV3hzHp0X5935WLZuOPnMGfyB8/kDea2MsQ==</latexit>

2

<latexit sha1_base64="K3jd2BNR89ScLkbhVGeZoFZ7Ams=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KkkpqLeCF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9djY2t7Z3dgt7xf2Dw6Pj0slpW8epYthisYhVN6AaBZfYMtwI7CYKaRQI7ASTu7nfeUKleSwfzDRBP6IjyUPOqLFSszoold2KuwBZJ15OypCjMSh99YcxSyOUhgmqdc9zE+NnVBnOBM6K/VRjQtmEjrBnqaQRaj9bHDojl1YZkjBWtqQhC/X3REYjradRYDsjasZ61ZuL/3m91IQ3fsZlkhqUbLkoTAUxMZl/TYZcITNiagllittbCRtTRZmx2RRtCN7qy+ukXa14tcpts1auV/M4CnAOF3AFHlxDHe6hAS1ggPAMr/DmPDovzrvzsWzdcPKZM/gD5/MHezGMsg==</latexit>

3

<latexit sha1_base64="QKC9FA6gEirxlD+jfHpl9yrNT0c=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKezGgHoLePGYgHlAsoTZSW8yZnZ2mZkVQsgXePGgiFc/yZt/4yTZgyYWNBRV3XR3BYng2rjut5Pb2Nza3snvFvb2Dw6PiscnLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2M7+Z++wmV5rF8MJME/YgOJQ85o8ZKjat+seSW3QXIOvEyUoIM9X7xqzeIWRqhNExQrbuemxh/SpXhTOCs0Es1JpSN6RC7lkoaofani0Nn5MIqAxLGypY0ZKH+npjSSOtJFNjOiJqRXvXm4n9eNzXhjT/lMkkNSrZcFKaCmJjMvyYDrpAZMbGEMsXtrYSNqKLM2GwKNgRv9eV10qqUvWr5tlEt1SpZHHk4g3O4BA+uoQb3UIcmMEB4hld4cx6dF+fd+Vi25pxs5hT+wPn8AXy1jLM=</latexit>

4

<latexit sha1_base64="yHG9TncjQp5PXXpe73pRbByYO/E=">AAAB5HicbVBNS8NAEJ3Urxq/qlcvi0XwVJJSUG8FLx4r2A9oQ9lsJ+3azSbsboQS+gu8eFC8+pu8+W/ctjlo64OBx3szzMwLU8G18bxvp7S1vbO7V953Dw6Pjk8q7mlHJ5li2GaJSFQvpBoFl9g23AjspQppHArshtO7hd99RqV5Ih/NLMUgpmPJI86osdJDY1ipejVvCbJJ/IJUoUBrWPkajBKWxSgNE1Trvu+lJsipMpwJnLuDTGNK2ZSOsW+ppDHqIF8eOieXVhmRKFG2pCFL9fdETmOtZ3FoO2NqJnrdW4j/ef3MRDdBzmWaGZRstSjKBDEJWXxNRlwhM2JmCWWK21sJm1BFmbHZuDYEf/3lTdKp1/xG7bbarBdhlOEcLuAKfLiGJtxDC9rAAOEF3uDdeXJenY9VY8kpJs7gD5zPHxPTi4o=</latexit>

5

<latexit sha1_base64="JCjcMUauxUwSIgV6qdKqfi9cYyE=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKeyGiHoLePGYgHlAsoTZSW8yZnZ2mZkVQsgXePGgiFc/yZt/4yTZgyYWNBRV3XR3BYng2rjut5Pb2Nza3snvFvb2Dw6PiscnLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2M7+Z++wmV5rF8MJME/YgOJQ85o8ZKjat+seSW3QXIOvEyUoIM9X7xqzeIWRqhNExQrbuemxh/SpXhTOCs0Es1JpSN6RC7lkoaofani0Nn5MIqAxLGypY0ZKH+npjSSOtJFNjOiJqRXvXm4n9eNzXhjT/lMkkNSrZcFKaCmJjMvyYDrpAZMbGEMsXtrYSNqKLM2GwKNgRv9eV10qqUvWr5tlEt1SpZHHk4g3O4BA+uoQb3UIcmMEB4hld4cx6dF+fd+Vi25pxs5hT+wPn8AX+9jLU=</latexit>

6

<latexit sha1_base64="bJElc2eKM7qjdfTdF+xmzopsnJc=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKeyG4OMW8OIxAfOAZAmzk95kzOzsMjMrhJAv8OJBEa9+kjf/xkmyB00saCiquunuChLBtXHdbye3sbm1vZPfLeztHxweFY9PWjpOFcMmi0WsOgHVKLjEpuFGYCdRSKNAYDsY38399hMqzWP5YCYJ+hEdSh5yRo2VGlf9YsktuwuQdeJlpAQZ6v3iV28QszRCaZigWnc9NzH+lCrDmcBZoZdqTCgb0yF2LZU0Qu1PF4fOyIVVBiSMlS1pyEL9PTGlkdaTKLCdETUjverNxf+8bmrCG3/KZZIalGy5KEwFMTGZf00GXCEzYmIJZYrbWwkbUUWZsdkUbAje6svrpFUpe9XybaNaqlWyOPJwBudwCR5cQw3uoQ5NYIDwDK/w5jw6L86787FszTnZzCn8gfP5A4FBjLY=</latexit>

7

<latexit sha1_base64="THM6/LTtnCq18mFcvwfg5i90I/4=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKeyGQPQW8OIxAfOAZAmzk04yZnZ2mZkVwpIv8OJBEa9+kjf/xkmyB00saCiquunuCmLBtXHdbye3tb2zu5ffLxwcHh2fFE/P2jpKFMMWi0SkugHVKLjEluFGYDdWSMNAYCeY3i38zhMqzSP5YGYx+iEdSz7ijBorNWuDYsktu0uQTeJlpAQZGoPiV38YsSREaZigWvc8NzZ+SpXhTOC80E80xpRN6Rh7lkoaovbT5aFzcmWVIRlFypY0ZKn+nkhpqPUsDGxnSM1Er3sL8T+vl5jRjZ9yGScGJVstGiWCmIgsviZDrpAZMbOEMsXtrYRNqKLM2GwKNgRv/eVN0q6UvWr5tlkt1StZHHm4gEu4Bg9qUId7aEALGCA8wyu8OY/Oi/PufKxac042cw5/4Hz+AILFjLc=</latexit>

8

<latexit sha1_base64="RtlbvDpTR8koGO7S/VWhrAL0tmo=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKeyGgPEW8OIxAfOAZAmzk04yZnZ2mZkVwpIv8OJBEa9+kjf/xkmyB00saCiquunuCmLBtXHdbye3tb2zu5ffLxwcHh2fFE/P2jpKFMMWi0SkugHVKLjEluFGYDdWSMNAYCeY3i38zhMqzSP5YGYx+iEdSz7ijBorNWuDYsktu0uQTeJlpAQZGoPiV38YsSREaZigWvc8NzZ+SpXhTOC80E80xpRN6Rh7lkoaovbT5aFzcmWVIRlFypY0ZKn+nkhpqPUsDGxnSM1Er3sL8T+vl5hRzU+5jBODkq0WjRJBTEQWX5MhV8iMmFlCmeL2VsImVFFmbDYFG4K3/vImaVfKXrV826yW6pUsjjxcwCVcgwc3UId7aEALGCA8wyu8OY/Oi/PufKxac042cw5/4Hz+AIRJjLg=</latexit>

9

<latexit sha1_base64="Zc40A1SHEf59O2ewEwUOubYLjKQ=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKeyGgOYW8OIxAfOAZAmzk04yZnZ2mZkVwpIv8OJBEa9+kjf/xkmyB00saCiquunuCmLBtXHdbye3tb2zu5ffLxwcHh2fFE/P2jpKFMMWi0SkugHVKLjEluFGYDdWSMNAYCeY3i38zhMqzSP5YGYx+iEdSz7ijBorNWuDYsktu0uQTeJlpAQZGoPiV38YsSREaZigWvc8NzZ+SpXhTOC80E80xpRN6Rh7lkoaovbT5aFzcmWVIRlFypY0ZKn+nkhpqPUsDGxnSM1Er3sL8T+vl5jRrZ9yGScGJVstGiWCmIgsviZDrpAZMbOEMsXtrYRNqKLM2GwKNgRv/eVN0q6UvWq51qyW6pUsjjxcwCVcgwc3UId7aEALGCA8wyu8OY/Oi/PufKxac042cw5/4Hz+AIXNjLk=</latexit>

segment-select(17,3)



• Recursively partition segments into Δ = logε n horizontal slabs with the same number 
of segments. 


• Segment-select query via top-down traversal. 

• Goal: 


• O(1) time per node ⟹ O(logΔ n) = O(log n/log log n)


• O(n log log n) bits per node ⟹ O(n logΔ n log log n) = O(n log n) bits

Segment Selection

Δ = 4



• Prefix selection problem: Compactly represent an array A of n integers, to support

• prefix-select(i,j): return the jth smallest integer in subarray A[1,i]. 


• Lemma [JL2011]. Any data structure for prefix selection that uses n logO(1) n space 
needs Ω(log n/ log log n) time.


• Construct version path from prefix selection instance such that S(vi) represents 
sorted order of A[1..i]. 

Lower Bound

v1

<latexit sha1_base64="zd6z1iDvEy/5BQvvTe7N2MlaejU=">AAAB6nicbZDLSgMxFIbP1Futt6pLN8EiuCozpaDLghuXLdoLtEPJpJk2NJMMSaZQhj6CC11UxK3gu7h0J76M6WWhrT8EPv7/HHLOCWLOtHHdLyezsbm1vZPdze3tHxwe5Y9PGlomitA6kVyqVoA15UzQumGG01asKI4CTpvB8GaWN0dUaSbFvRnH1I9wX7CQEWysdTfqet18wS26c6F18JZQqGzXvj+mj+/Vbv6z05MkiagwhGOt254bGz/FyjDC6STXSTSNMRniPm1bFDii2k/no07QhXV6KJTKPmHQ3P3dkeJI63EU2MoIm4FezWbmf1k7MeG1nzIRJ4YKsvgoTDgyEs32Rj2mKDF8bAETxeysiAywwsTY6+TsEbzVldehUSp65WK55hUqJVgoC2dwDpfgwRVU4BaqUAcCfXiAKTw73HlyXpzXRWnGWfacwh85bz9xx5Gc</latexit>

v0

<latexit sha1_base64="J4YQHrg5ZFucNnhWTVOP42yGqkw=">AAAB6nicbZDLSgMxFIbP1Futt6pLN8EiuCozpaDLghuXLdoLtEPJpJk2NJMMSaZQhj6CC11UxK3gu7h0J76M6WWhrT8EPv7/HHLOCWLOtHHdLyezsbm1vZPdze3tHxwe5Y9PGlomitA6kVyqVoA15UzQumGG01asKI4CTpvB8GaWN0dUaSbFvRnH1I9wX7CQEWysdTfqut18wS26c6F18JZQqGzXvj+mj+/Vbv6z05MkiagwhGOt254bGz/FyjDC6STXSTSNMRniPm1bFDii2k/no07QhXV6KJTKPmHQ3P3dkeJI63EU2MoIm4FezWbmf1k7MeG1nzIRJ4YKsvgoTDgyEs32Rj2mKDF8bAETxeysiAywwsTY6+TsEbzVldehUSp65WK55hUqJVgoC2dwDpfgwRVU4BaqUAcCfXiAKTw73HlyXpzXRWnGWfacwh85bz9wQ5Gb</latexit>

v2

<latexit sha1_base64="50ThIJ8Edtg1dDGoNmW+rrWPy/I=">AAAB6nicbZDLSgMxFIZP6q3WW9Wlm2ARXJWZUtBlwY3LFu0F2qFk0kwbmskMSaZQhj6CC11UxK3gu7h0J76M6WWhrT8EPv7/HHLO8WPBtXGcL5TZ2Nza3snu5vb2Dw6P8scnDR0lirI6jUSkWj7RTHDJ6oYbwVqxYiT0BWv6w5tZ3hwxpXkk7804Zl5I+pIHnBJjrbtRt9TNF5yiMxdeB3cJhcp27ftj+vhe7eY/O72IJiGThgqiddt1YuOlRBlOBZvkOolmMaFD0mdti5KETHvpfNQJvrBODweRsk8aPHd/d6Qk1Hoc+rYyJGagV7OZ+V/WTkxw7aVcxolhki4+ChKBTYRne+MeV4waMbZAqOJ2VkwHRBFq7HVy9gju6srr0CgV3XKxXHMLlRIslIUzOIdLcOEKKnALVagDhT48wBSekUBP6AW9LkozaNlzCn+E3n4Ac0uRnQ==</latexit>

v3

<latexit sha1_base64="7DN+kanrr8pxnAPkIdo51NNuW/w=">AAAB6nicbZDLSgMxFIbPVK213kZdugkWwVWZqQVdFty4bNFeoB1KJs20oZnMkGQKZegjuNBFRdwKvotLd+LLmF4W2vpD4OP/zyHnHD/mTGnH+bIyG5tb2e3cTn53b//g0D46bqgokYTWScQj2fKxopwJWtdMc9qKJcWhz2nTH97M8uaISsUica/HMfVC3BcsYARrY92Nupddu+AUnbnQOrhLKFSyte+P6eN7tWt/dnoRSUIqNOFYqbbrxNpLsdSMcDrJdxJFY0yGuE/bBgUOqfLS+agTdG6cHgoiaZ7QaO7+7khxqNQ49E1liPVArWYz87+snejg2kuZiBNNBVl8FCQc6QjN9kY9JinRfGwAE8nMrIgMsMREm+vkzRHc1ZXXoVEquuViueYWKiVYKAencAYX4MIVVOAWqlAHAn14gCk8W9x6sl6s10Vpxlr2nMAfWW8/dM+Rng==</latexit>

v4

<latexit sha1_base64="yFBQqgRsT/wVWbK8bu7zw3WF0FE=">AAAB6nicbZDLSgMxFIZP6q3WW9Wlm2ARXJWZUtBlwY3LFu0F2qFk0kwbmskMSaZQhj6CC11UxK3gu7h0J76M6WWhrT8EPv7/HHLO8WPBtXGcL5TZ2Nza3snu5vb2Dw6P8scnDR0lirI6jUSkWj7RTHDJ6oYbwVqxYiT0BWv6w5tZ3hwxpXkk7804Zl5I+pIHnBJjrbtRt9zNF5yiMxdeB3cJhcp27ftj+vhe7eY/O72IJiGThgqiddt1YuOlRBlOBZvkOolmMaFD0mdti5KETHvpfNQJvrBODweRsk8aPHd/d6Qk1Hoc+rYyJGagV7OZ+V/WTkxw7aVcxolhki4+ChKBTYRne+MeV4waMbZAqOJ2VkwHRBFq7HVy9gju6srr0CgV3XKxXHMLlRIslIUzOIdLcOEKKnALVagDhT48wBSekUBP6AW9LkozaNlzCn+E3n4AdlORnw==</latexit>

v5

<latexit sha1_base64="3rV0TTZlJnxGXmhnJ/3+oX6PzAo=">AAAB6nicbZBPSwJBGMbftTKzf1bHLkMSdJJdMeoodOmo1Kqgi8yOszo4O7vMzAqy+BE61MGIrkHfpWO36Ms0/jmU9sDAj+d5X+Z9Xz/mTGnb/rIyG5tb2e3cTn53b//gsHB03FBRIgl1ScQj2fKxopwJ6mqmOW3FkuLQ57TpD29meXNEpWKRuNfjmHoh7gsWMIK1se5G3ctuoWiX7LnQOjhLKFaz9e+P6eN7rVv47PQikoRUaMKxUm3HjrWXYqkZ4XSS7ySKxpgMcZ+2DQocUuWl81En6Nw4PRRE0jyh0dz93ZHiUKlx6JvKEOuBWs1m5n9ZO9HBtZcyESeaCrL4KEg40hGa7Y16TFKi+dgAJpKZWREZYImJNtfJmyM4qyuvQ6NcciqlSt0pVsuwUA5O4QwuwIErqMIt1MAFAn14gCk8W9x6sl6s10Vpxlr2nMAfWW8/d9eRoA==</latexit>

A = [3, 1, 2, 5, 6, 4]

<latexit sha1_base64="fchXSa9Tlpnl0GPXNIROs3sypGM=">AAAB+nicbVDLSsNAFJ34rPWV1qWbwSJ0EUpS62MjVNy4rGAfkIQymU7boZNJmJkoJfYb/AI3LhRx6xf4Ce78EPdOHwttPXDhcM693HtPEDMqlW1/GUvLK6tr65mN7ObW9s6umcs3ZJQITOo4YpFoBUgSRjmpK6oYacWCoDBgpBkMLsd+85YISSN+o4Yx8UPU47RLMVJaapu5C3gO3SPLscrWsXViVfy2WbBL9gRwkTgzUqjmveL3x4NXa5ufXifCSUi4wgxJ6Tp2rPwUCUUxI6Osl0gSIzxAPeJqylFIpJ9OTh/BQ610YDcSuriCE/X3RIpCKYdhoDtDpPpy3huL/3luorpnfkp5nCjC8XRRN2FQRXCcA+xQQbBiQ00QFlTfCnEfCYSVTiurQ3DmX14kjXLJqZQq106hWgZTZMA+OABF4IBTUAVXoAbqAIM78AiewYtxbzwZr8bbtHXJmM3sgT8w3n8AETyUSA==</latexit>

S(v0) = "

<latexit sha1_base64="zLkjSsMOO6InbdpQHLz5i+klfMc=">AAAB/XicbVC7SgNBFL0bXzG+YrSzGQxCbMJuCGgjBGwsI5oHZJcwO5lNhsw+mJkNxCX4Cf6CjYUitvZ+gp0fYu9skkITD1w4nHMv997jRpxJZZpfRmZldW19I7uZ29re2d3L7xeaMowFoQ0S8lC0XSwpZwFtKKY4bUeCYt/ltOUOL1O/NaJCsjC4VeOIOj7uB8xjBCstdfOHN6VR1zxFF8geYUEjyXgqF82yOQVaJtacFGsFu/T98WDXu/lPuxeS2KeBIhxL2bHMSDkJFooRTic5O5Y0wmSI+7SjaYB9Kp1kev0EnWilh7xQ6AoUmqq/JxLsSzn2Xd3pYzWQi14q/ud1YuWdOwkLoljRgMwWeTFHKkRpFKjHBCWKjzXBRDB9KyIDLDBROrCcDsFafHmZNCtlq1quXlvFWgVmyMIRHEMJLDiDGlxBHRpA4A4e4RlejHvjyXg13matGWM+cwB/YLz/AIfel6Q=</latexit>

S(v1) = 1

<latexit sha1_base64="U0Cb+cQ9yO/Z4jsykc6kE85vRm8=">AAAB/HicbVDJSgNBEO2JW4zbmBy9NAYhXsJMCOhFCHjxGNEskAlDT6eTNOlZ6K4JDkP8BT/BiwdFvPoBfoI3P8S7neWgiQ8KHu9VUVXPiwRXYFlfRmZtfWNzK7ud29nd2z8wD/NNFcaSsgYNRSjbHlFM8IA1gINg7Ugy4nuCtbzR5dRvjZlUPAxuIYlY1yeDgPc5JaAl1yzclMaufYovsAPsDgBSe+KaRatszYBXib0gxVreKX1/PDh11/x0eiGNfRYAFUSpjm1F0E2JBE4Fm+ScWLGI0BEZsI6mAfGZ6qaz4yf4RCs93A+lrgDwTP09kRJfqcT3dKdPYKiWvan4n9eJoX/eTXkQxcACOl/UjwWGEE+TwD0uGQWRaEKo5PpWTIdEEgo6r5wOwV5+eZU0K2W7Wq5e28VaBc2RRUfoGJWQjc5QDV2hOmogihL0iJ7Ri3FvPBmvxtu8NWMsZgroD4z3H7kmly4=</latexit>

S(v3) = 231

<latexit sha1_base64="kkddOZnn6mQM5NKQR0fbbOkkZdM=">AAAB/nicbVC7SgNBFJ2Nrxhfa8TKZjAIsQm7SUAbIWBjGdE8ILuE2ckkGTL7YOZuMCwB/8BvsLFQxNbaT7DzQ+ydPApNPHDhcM693HuPFwmuwLK+jNTK6tr6Rnozs7W9s7tn7mfrKowlZTUailA2PaKY4AGrAQfBmpFkxPcEa3iDy4nfGDKpeBjcwihirk96Ae9ySkBLbfPwJj9sl07xBXaA3QFAUizZ47aZswrWFHiZ2HOSq2Sd/PfHg1Ntm59OJ6SxzwKggijVsq0I3IRI4FSwccaJFYsIHZAea2kaEJ8pN5meP8YnWungbih1BYCn6u+JhPhKjXxPd/oE+mrRm4j/ea0YuuduwoMoBhbQ2aJuLDCEeJIF7nDJKIiRJoRKrm/FtE8koaATy+gQ7MWXl0m9WLDLhfK1nasU0QxpdISOUR7Z6AxV0BWqohqiKEGP6Bm9GPfGk/FqvM1aU8Z85gD9gfH+A6wTl6k=</latexit>

S(v2) = 21

<latexit sha1_base64="G9tOqG/kGBwQtcD037DxZlA31ug=">AAAB/XicbVC7SgNBFJ31GeNrjXY2g0GITdhdAtoIARvLiOYB2bDMTibJkNkHM3eDcQl+gr9gY6GIrb2fYOeH2Dt5FJp44MLhnHu59x4/FlyBZX0ZS8srq2vrmY3s5tb2zq65l6upKJGUVWkkItnwiWKCh6wKHARrxJKRwBes7vcvxn59wKTiUXgDw5i1AtINeYdTAlryzIPrwsBzTvA5doHdAkDq2CPPzFtFawK8SOwZyZdzbuH748GteOan245oErAQqCBKNW0rhlZKJHAq2CjrJorFhPZJlzU1DUnAVCudXD/Cx1pp404kdYWAJ+rviZQESg0DX3cGBHpq3huL/3nNBDpnrZSHcQIspNNFnURgiPA4CtzmklEQQ00IlVzfimmPSEJBB5bVIdjzLy+SmlO0S8XSlZ0vO2iKDDpER6iAbHSKyugSVVAVUXSHHtEzejHujSfj1Xibti4Zs5l99AfG+w8xxpdr</latexit>

S(v4) = 2314

<latexit sha1_base64="Afc4WnPh2gK6Wxj+/6IRX2xM5o8=">AAAB/3icbVC7SgNBFJ2NrxhfMYKNzWAQYhN2Y0AbIWBjGdE8ILsss5NJMmT2wczdYFhT+AX+g42FIra2foKdH2Lv5FFo4oELh3Pu5d57vEhwBab5ZaSWlldW19LrmY3Nre2d7G6ursJYUlajoQhl0yOKCR6wGnAQrBlJRnxPsIbXvxj7jQGTiofBDQwj5vikG/AOpwS05Gb3rwsDt3yMz7EN7BYAktKJVR652bxZNCfAi8SakXwlZxe+Px7sqpv9tNshjX0WABVEqZZlRuAkRAKngo0ydqxYRGifdFlL04D4TDnJ5P4RPtJKG3dCqSsAPFF/TyTEV2roe7rTJ9BT895Y/M9rxdA5cxIeRDGwgE4XdWKBIcTjMHCbS0ZBDDUhVHJ9K6Y9IgkFHVlGh2DNv7xI6qWiVS6Wr6x8pYSmSKMDdIgKyEKnqIIuURXVEEV36BE9oxfj3ngyXo23aWvKmM3soT8w3n8AKCmX6A==</latexit>

S(v5) = 23145

<latexit sha1_base64="iItPNXC1GB5PN4kjKNFon/6AZU8=">AAACAHicbVC7SgNBFJ2NrxhfaywsbAaDEJuwGxO0EQI2lhHNA7IhzE4myZDZBzN3g2HZxh/wI2wsFLG19BPs/BB7J4mFJh64cDjnXu69xw0FV2BZn0ZqaXlldS29ntnY3NreMXezdRVEkrIaDUQgmy5RTHCf1YCDYM1QMuK5gjXc4cXEb4yYVDzwb2AcsrZH+j7vcUpASx1z/zo/6pSP8Tl2gN0CQFw8sUvlpGPmrII1BV4k9g/JVbJO/uv93ql2zA+nG9DIYz5QQZRq2VYI7ZhI4FSwJONEioWEDkmftTT1icdUO54+kOAjrXRxL5C6fMBT9fdETDylxp6rOz0CAzXvTcT/vFYEvbN2zP0wAubT2aJeJDAEeJIG7nLJKIixJoRKrm/FdEAkoaAzy+gQ7PmXF0m9WLBLhdKVnasU0QxpdIAOUR7Z6BRV0CWqohqiKEEP6Ak9G3fGo/FivM5aU8bPzB76A+PtG6XtmCg=</latexit>

S(v6) = 231645

<latexit sha1_base64="ngxUHP5QukOGes5jga9qlyt3eWI=">AAACAXicbVC7SgNBFJ2Nrxhfa2wEm8EgxCbsxhhthICNZUTzgGwIs5NJMmT2wczdYFhi4wf4EzYWitja+Ql2foi9k8RCEw9cOJxzL/fe44aCK7CsTyOxsLi0vJJcTa2tb2xumdvpqgoiSVmFBiKQdZcoJrjPKsBBsHooGfFcwWpu/3zs1wZMKh741zAMWdMjXZ93OCWgpZa5e5UdtIqH+Aw7wG4AIM4f2cXC8ahlZqycNQGeJ/YPyZTSTvbr/d4pt8wPpx3QyGM+UEGUathWCM2YSOBUsFHKiRQLCe2TLmto6hOPqWY8+WCED7TSxp1A6vIBT9TfEzHxlBp6ru70CPTUrDcW//MaEXROmzH3wwiYT6eLOpHAEOBxHLjNJaMghpoQKrm+FdMekYSCDi2lQ7BnX54n1XzOLuQKl3amlEdTJNEe2kdZZKMTVEIXqIwqiKJb9ICe0LNxZzwaL8brtDVh/MzsoD8w3r4BJYGYaQ==</latexit>

v6

<latexit sha1_base64="Qgpr3TCz/xSI9kJYnAWKI2pUYH8=">AAAB6nicbZBPSwJBGMbftTKzf1bHLkMSdJJdkeoodOmo1Kqgi8yOszo4O7vMzAqy+BE61MGIrkHfpWO36Ms0/jmU9sDAj+d5X+Z9Xz/mTGnb/rIyG5tb2e3cTn53b//gsHB03FBRIgl1ScQj2fKxopwJ6mqmOW3FkuLQ57TpD29meXNEpWKRuNfjmHoh7gsWMIK1se5G3ctuoWiX7LnQOjhLKFaz9e+P6eN7rVv47PQikoRUaMKxUm3HjrWXYqkZ4XSS7ySKxpgMcZ+2DQocUuWl81En6Nw4PRRE0jyh0dz93ZHiUKlx6JvKEOuBWs1m5n9ZO9HBtZcyESeaCrL4KEg40hGa7Y16TFKi+dgAJpKZWREZYImJNtfJmyM4qyuvQ6NcciqlSt0pVsuwUA5O4QwuwIErqMIt1MAFAn14gCk8W9x6sl6s10Vpxlr2nMAfWW8/eVuRoQ==</latexit>

insert(0,1)

<latexit sha1_base64="7vSifPBUi2M7kd7fTj95wogzwcQ=">AAAB/3icbVDJSgNBEO1xjXEbI3jxMpgIESTMhIAeA148RjALZELo6dQkTXoWumvEEHPwC/wHLx4U8erVT/Dmh3i3sxw08UHB470qqup5seAKbfvLWFpeWV1bT22kN7e2d3bNvUxNRYlkUGWRiGTDowoED6GKHAU0Ygk08ATUvf7F2K/fgFQ8Cq9xEEMroN2Q+5xR1FLbPHARblH5Qx4qkDjK5e1T5yTXNrN2wZ7AWiTOjGTLGTf//fHgVtrmp9uJWBJAiExQpZqOHWNrSCVyJmCUdhMFMWV92oWmpiENQLWGk/tH1rFWOpYfSV0hWhP198SQBkoNAk93BhR7at4bi/95zQT985Z+LU4QQjZd5CfCwsgah2F1uASGYqAJZZLrWy3Wo5Iy1JGldQjO/MuLpFYsOKVC6crJlotkihQ5JEckTxxyRsrkklRIlTByRx7JM3kx7o0n49V4m7YuGbOZffIHxvsPV4aYoA==</latexit>

insert(0,2)

<latexit sha1_base64="KfpaxYsDXRtfZevT3Hu290ZMeTE=">AAAB/3icbVDJSgNBEO1xjXEbI3jxMpgIESTMhIAeA148RjALZELo6dQkTXoWumvEEHPwC/wHLx4U8erVT/Dmh3i3sxw08UHB470qqup5seAKbfvLWFpeWV1bT22kN7e2d3bNvUxNRYlkUGWRiGTDowoED6GKHAU0Ygk08ATUvf7F2K/fgFQ8Cq9xEEMroN2Q+5xR1FLbPHARblH5Qx4qkDjK5e3T4kmubWbtgj2BtUicGcmWM27+++PBrbTNT7cTsSSAEJmgSjUdO8bWkErkTMAo7SYKYsr6tAtNTUMagGoNJ/ePrGOtdCw/krpCtCbq74khDZQaBJ7uDCj21Lw3Fv/zmgn65y39WpwghGy6yE+EhZE1DsPqcAkMxUATyiTXt1qsRyVlqCNL6xCc+ZcXSa1YcEqF0pWTLRfJFClySI5InjjkjJTJJamQKmHkjjySZ/Ji3BtPxqvxNm1dMmYz++QPjPcfWQyYoQ==</latexit>

insert(1,3)

<latexit sha1_base64="nubP5h/MZBckStiplXO9rd+8+Pk=">AAAB/3icbVDJSgNBEO2JW4xbjODFy2AiRJAwEwN6DHjxGMEskAmhp1OTNOlZ6K4RQ8zBL/AfvHhQxKtXP8GbH+LdznLQxAcFj/eqqKrnRoIrtKwvI7G0vLK6llxPbWxube+kdzM1FcaSQZWFIpQNlyoQPIAqchTQiCRQ3xVQd/sXY79+A1LxMLjGQQQtn3YD7nFGUUvt9L6DcIvKG/JAgcRRLm+fnB7n2umsVbAmMBeJPSPZcsbJf388OJV2+tPphCz2IUAmqFJN24qwNaQSORMwSjmxgoiyPu1CU9OA+qBaw8n9I/NIKx3TC6WuAM2J+ntiSH2lBr6rO32KPTXvjcX/vGaM3nlLvxbFCAGbLvJiYWJojsMwO1wCQzHQhDLJ9a0m61FJGerIUjoEe/7lRVIrFuxSoXRlZ8tFMkWSHJBDkic2OSNlckkqpEoYuSOP5Jm8GPfGk/FqvE1bE8ZsZo/8gfH+A1wamKM=</latexit>

insert(3,4)

<latexit sha1_base64="01sNOJM2kyRGN9el7ZR+eDdaElw=">AAAB/3icbVDJSgNBEO2JW4xbjODFy2AiRJAwEwN6DHjxGMEskAmhp1OTNOlZ6K4RQ8zBL/AfvHhQxKtXP8GbH+LdznLQxAcFj/eqqKrnRoIrtKwvI7G0vLK6llxPbWxube+kdzM1FcaSQZWFIpQNlyoQPIAqchTQiCRQ3xVQd/sXY79+A1LxMLjGQQQtn3YD7nFGUUvt9L6DcIvKG/JAgcRRLn96UjrOtdNZq2BNYC4Se0ay5YyT//54cCrt9KfTCVnsQ4BMUKWathVha0glciZglHJiBRFlfdqFpqYB9UG1hpP7R+aRVjqmF0pdAZoT9ffEkPpKDXxXd/oUe2reG4v/ec0YvfOWfi2KEQI2XeTFwsTQHIdhdrgEhmKgCWWS61tN1qOSMtSRpXQI9vzLi6RWLNilQunKzpaLZIokOSCHJE9sckbK5JJUSJUwckceyTN5Me6NJ+PVeJu2JozZzB75A+P9B2CwmKY=</latexit>

insert(4,5)

<latexit sha1_base64="0WztXQroCj22k6nGXWBWwIAk8Xc=">AAAB/3icbVDJSgNBEO2JW4xbjODFy2AiRJAwEyJ6DHjxGMEskAmhp1OTNOlZ6K4RQ8zBL/AfvHhQxKtXP8GbH+LdznLQxAcFj/eqqKrnRoIrtKwvI7G0vLK6llxPbWxube+kdzM1FcaSQZWFIpQNlyoQPIAqchTQiCRQ3xVQd/sXY79+A1LxMLjGQQQtn3YD7nFGUUvt9L6DcIvKG/JAgcRRLl86OT3OtdNZq2BNYC4Se0ay5YyT//54cCrt9KfTCVnsQ4BMUKWathVha0glciZglHJiBRFlfdqFpqYB9UG1hpP7R+aRVjqmF0pdAZoT9ffEkPpKDXxXd/oUe2reG4v/ec0YvfOWfi2KEQI2XeTFwsTQHIdhdrgEhmKgCWWS61tN1qOSMtSRpXQI9vzLi6RWLNilQunKzpaLZIokOSCHJE9sckbK5JJUSJUwckceyTN5Me6NJ+PVeJu2JozZzB75A+P9B2O+mKg=</latexit>

insert(3,6)

<latexit sha1_base64="xieabPkCfi/GO2vJ5DCoeIiItNI=">AAAB/3icbVDJSgNBEO2JW4xbjODFy2AiRJAwE4N6DHjxGMEskAmhp1OTNPYsdNeIIebgF/gPXjwo4tWrn+DND/FuZzlo4oOCx3tVVNVzI8EVWtaXkVhYXFpeSa6m1tY3NrfS25maCmPJoMpCEcqGSxUIHkAVOQpoRBKo7wqou9fnI79+A1LxMLjCfgQtn3YD7nFGUUvt9K6DcIvKG/BAgcRhLn98dHKYa6ezVsEaw5wn9pRkyxkn//3x4FTa6U+nE7LYhwCZoEo1bSvC1oBK5EzAMOXECiLKrmkXmpoG1AfVGozvH5oHWumYXih1BWiO1d8TA+or1fdd3elT7KlZbyT+5zVj9M5a+rUoRgjYZJEXCxNDcxSG2eESGIq+JpRJrm81WY9KylBHltIh2LMvz5NasWCXCqVLO1sukgmSZI/skzyxySkpkwtSIVXCyB15JM/kxbg3noxX423SmjCmMzvkD4z3H2O8mKg=</latexit>



Results
time space notes

O(1) O(N) Explicit string representation

O(log n) O(n) Fully persistent BST 

O(log n) O(n log n) LZ compression + random 
access

O(log n/log log n) O(n log1+ ε n) LZ compression + random 
access

O(log n/log log n) O(n) new

Ω(log n/log log n) n logO(1) n new



• Can we make solution dynamic? 

• Faster preprocessing time? 

• Pattern search? 

Open Problems


