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Implementation: Vector

6 4 9 2 7 5

dynamic

static

great for insert-heavy w/l 
no extra space needed 
expensive point queries 

insert cost:     
<latexit sha1_base64="NVgkAOvEsVihQTfwCoMhFj/1Jtw=">AAAB9XicbVDLSsNAFL2pr1pfVZduBqtQNyURfCwLunBnBfuANpbJdNIOnUzCzEQpIf/hxoUibv0Xd/6Nk7QLbT0wcDjnXu6Z40WcKW3b31ZhaXllda24XtrY3NreKe/utVQYS0KbJOSh7HhYUc4EbWqmOe1EkuLA47Ttja8yv/1IpWKhuNeTiLoBHgrmM4K1kR56AdYjgnlym1adk365YtfsHGiRODNSqR/5ORr98ldvEJI4oEITjpXqOnak3QRLzQinaakXKxphMsZD2jVU4IAqN8lTp+jYKAPkh9I8oVGu/t5IcKDUJPDMZJZSzXuZ+J/XjbV/6SZMRLGmgkwP+TFHOkRZBWjAJCWaTwzBRDKTFZERlphoU1TJlODMf3mRtE5rznnt7M60cQ1TFOEADqEKDlxAHW6gAU0gIOEZXuHNerJerHfrYzpasGY7+/AH1ucPh2GU1Q==</latexit>

O(1)

N : number of entries

point query cost:      
<latexit sha1_base64="iOpmOS2fuvhi5qE47e4iioLrclc=">AAAB9XicbVDLSgMxFL1TX7W+qi7dBKtQN2Wm4GNZ0IUrrWAf0I4lk2ba0ExmSDJKGfofblwo4tZ/ceffmJl2oa0HAodz7uWeHC/iTGnb/rZyS8srq2v59cLG5tb2TnF3r6nCWBLaICEPZdvDinImaEMzzWk7khQHHqctb3SZ+q1HKhULxb0eR9QN8EAwnxGsjfTQDbAeEsyT20n55qRXLNkVOwNaJM6MlGpHfoZ6r/jV7YckDqjQhGOlOo4daTfBUjPC6aTQjRWNMBnhAe0YKnBAlZtkqSfo2Ch95IfSPKFRpv7eSHCg1DjwzGSaUs17qfif14m1f+EmTESxpoJMD/kxRzpEaQWozyQlmo8NwUQykxWRIZaYaFNUwZTgzH95kTSrFeescnpn2riCKfJwAIdQBgfOoQbXUIcGEJDwDK/wZj1ZL9a79TEdzVmznX34A+vzB7NylPI=</latexit>

O(N)

get(7)

6 4 9 2 7 5

space complexity:     
<latexit sha1_base64="iOpmOS2fuvhi5qE47e4iioLrclc=">AAAB9XicbVDLSgMxFL1TX7W+qi7dBKtQN2Wm4GNZ0IUrrWAf0I4lk2ba0ExmSDJKGfofblwo4tZ/ceffmJl2oa0HAodz7uWeHC/iTGnb/rZyS8srq2v59cLG5tb2TnF3r6nCWBLaICEPZdvDinImaEMzzWk7khQHHqctb3SZ+q1HKhULxb0eR9QN8EAwnxGsjfTQDbAeEsyT20n55qRXLNkVOwNaJM6MlGpHfoZ6r/jV7YckDqjQhGOlOo4daTfBUjPC6aTQjRWNMBnhAe0YKnBAlZtkqSfo2Ch95IfSPKFRpv7eSHCg1DjwzGSaUs17qfif14m1f+EmTESxpoJMD/kxRzpEaQWozyQlmo8NwUQykxWRIZaYaFNUwZTgzH95kTSrFeescnpn2riCKfJwAIdQBgfOoQbXUIcGEJDwDK/wZj1ZL9a79TEdzVmznX34A+vzB7NylPI=</latexit>

O(N)

8 1

8 1



Implementation: Skip-list

great for mixed w/l 
some extra space needed 
good for point queries 
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      insert cost:     
<latexit sha1_base64="AO1STQFUTNjim4mIK/iME9G7dm8=">AAAB/HicbVDLSgMxFM34rPU12qWbYBXqpswIPpYFXbjSCvYBnaFk0kwbmkmGJCMMQ/0VNy4UceuHuPNvzEy70NYDgcM593JPThAzqrTjfFtLyyura+uljfLm1vbOrr2331YikZi0sGBCdgOkCKOctDTVjHRjSVAUMNIJxle533kkUlHBH3QaEz9CQ05DipE2Ut+ueBHSI4xYdjepeUwM4e1J3646dacAXCTujFQbR2GBZt/+8gYCJxHhGjOkVM91Yu1nSGqKGZmUvUSRGOExGpKeoRxFRPlZEX4Cj40ygKGQ5nENC/X3RoYipdIoMJN5VDXv5eJ/Xi/R4aWfUR4nmnA8PRQmDGoB8ybggEqCNUsNQVhSkxXiEZIIa9NX2ZTgzn95kbRP6+55/ezetHENpiiBA3AIasAFF6ABbkATtAAGKXgGr+DNerJerHfrYzq6ZM12KuAPrM8fp4+XEw==</latexit>

O(logN)

point query cost:     
<latexit sha1_base64="AO1STQFUTNjim4mIK/iME9G7dm8=">AAAB/HicbVDLSgMxFM34rPU12qWbYBXqpswIPpYFXbjSCvYBnaFk0kwbmkmGJCMMQ/0VNy4UceuHuPNvzEy70NYDgcM593JPThAzqrTjfFtLyyura+uljfLm1vbOrr2331YikZi0sGBCdgOkCKOctDTVjHRjSVAUMNIJxle533kkUlHBH3QaEz9CQ05DipE2Ut+ueBHSI4xYdjepeUwM4e1J3646dacAXCTujFQbR2GBZt/+8gYCJxHhGjOkVM91Yu1nSGqKGZmUvUSRGOExGpKeoRxFRPlZEX4Cj40ygKGQ5nENC/X3RoYipdIoMJN5VDXv5eJ/Xi/R4aWfUR4nmnA8PRQmDGoB8ybggEqCNUsNQVhSkxXiEZIIa9NX2ZTgzn95kbRP6+55/ezetHENpiiBA3AIasAFF6ABbkATtAAGKXgGr+DNerJerHfrYzq6ZM12KuAPrM8fp4+XEw==</latexit>

O(logN)

space complexity:     
<latexit sha1_base64="FyNMxyus2SA+diK4EIis//sI0kM=">AAAB+XicbVDLSgMxFL1TX7W+Rl26CVahIpQZwceyoAs3agX7gLaUTJppQzOZIckUytA/ceNCEbf+iTv/xsy0C209EDiccy/35HgRZ0o7zreVW1peWV3Lrxc2Nre2d+zdvboKY0lojYQ8lE0PK8qZoDXNNKfNSFIceJw2vOF16jdGVCoWiic9jmgnwH3BfEawNlLXttsB1gOCefIwKd2f3p107aJTdjKgReLOSLFy5Geodu2vdi8kcUCFJhwr1XKdSHcSLDUjnE4K7VjRCJMh7tOWoQIHVHWSLPkEHRulh/xQmic0ytTfGwkOlBoHnplMc6p5LxX/81qx9q86CRNRrKkg00N+zJEOUVoD6jFJieZjQzCRzGRFZIAlJtqUVTAluPNfXiT1s7J7UT5/NG3cwBR5OIBDKIELl1CBW6hCDQiM4Ble4c1KrBfr3fqYjuas2c4+/IH1+QM1y5Wv</latexit>

O(N +M)

N : number of entries	
M : meta data
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Implementation: Hash Hybrids
prefix 	

length (X)

bucket 	
count (H)

N : number of entries	
M : meta data

f(k)

key value

skip-list
linked-list

great for mixed w/l 
more meta space needed 
good for point queries 

insert cost:     
<latexit sha1_base64="U7Ldusq3pHRK8N52/5SIkPtegP0=">AAAB/nicbVDLSgMxFM3UV62vUXHlJliFuqkzgo9lQRddaQX7gM5QMmmmDc0kQ5IRylDwV9y4UMSt3+HOvzEz7UKrBwKHc+7lnpwgZlRpx/myCguLS8srxdXS2vrG5pa9vdNSIpGYNLFgQnYCpAijnDQ11Yx0YklQFDDSDkZXmd9+IFJRwe/1OCZ+hAachhQjbaSevedFSA8xYuntpOIxMYA3J/Xjnl12qk4O+Je4M1KuHYY5Gj370+sLnESEa8yQUl3XibWfIqkpZmRS8hJFYoRHaEC6hnIUEeWnefwJPDJKH4ZCmsc1zNWfGymKlBpHgZnMwqp5LxP/87qJDi/9lPI40YTj6aEwYVALmHUB+1QSrNnYEIQlNVkhHiKJsDaNlUwJ7vyX/5LWadU9r57dmTauwRRFsA8OQAW44ALUQB00QBNgkIIn8AJerUfr2Xqz3qejBWu2swt+wfr4BrRSl54=</latexit>

O(logN/H)

point query cost:     
<latexit sha1_base64="U7Ldusq3pHRK8N52/5SIkPtegP0=">AAAB/nicbVDLSgMxFM3UV62vUXHlJliFuqkzgo9lQRddaQX7gM5QMmmmDc0kQ5IRylDwV9y4UMSt3+HOvzEz7UKrBwKHc+7lnpwgZlRpx/myCguLS8srxdXS2vrG5pa9vdNSIpGYNLFgQnYCpAijnDQ11Yx0YklQFDDSDkZXmd9+IFJRwe/1OCZ+hAachhQjbaSevedFSA8xYuntpOIxMYA3J/Xjnl12qk4O+Je4M1KuHYY5Gj370+sLnESEa8yQUl3XibWfIqkpZmRS8hJFYoRHaEC6hnIUEeWnefwJPDJKH4ZCmsc1zNWfGymKlBpHgZnMwqp5LxP/87qJDi/9lPI40YTj6aEwYVALmHUB+1QSrNnYEIQlNVkhHiKJsDaNlUwJ7vyX/5LWadU9r57dmTauwRRFsA8OQAW44ALUQB00QBNgkIIn8AJerUfr2Xqz3qejBWu2swt+wfr4BrRSl54=</latexit>

O(logN/H)
space complexity:     

<latexit sha1_base64="FyNMxyus2SA+diK4EIis//sI0kM=">AAAB+XicbVDLSgMxFL1TX7W+Rl26CVahIpQZwceyoAs3agX7gLaUTJppQzOZIckUytA/ceNCEbf+iTv/xsy0C209EDiccy/35HgRZ0o7zreVW1peWV3Lrxc2Nre2d+zdvboKY0lojYQ8lE0PK8qZoDXNNKfNSFIceJw2vOF16jdGVCoWiic9jmgnwH3BfEawNlLXttsB1gOCefIwKd2f3p107aJTdjKgReLOSLFy5Geodu2vdi8kcUCFJhwr1XKdSHcSLDUjnE4K7VjRCJMh7tOWoQIHVHWSLPkEHRulh/xQmic0ytTfGwkOlBoHnplMc6p5LxX/81qx9q86CRNRrKkg00N+zJEOUVoD6jFJieZjQzCRzGRFZIAlJtqUVTAluPNfXiT1s7J7UT5/NG3cwBR5OIBDKIELl1CBW6hCDQiM4Ble4c1KrBfr3fqYjuas2c4+/IH1+QM1y5Wv</latexit>

O(N +M)
abc
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insert with point queries
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vector perform 12% less flushes; 
more I/Os in hash based buffers
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Future Work

explore other 	
implementations

tree, trie, heap

finding best	
buffer

using machine learning 

switching	
buffer

on the fly when w/l changes
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