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Wavelet Tree

> represents sequences over a (potentially big) alphabet ©
basic (tree) structure can be built in O(N x log |X|)

\ 4

> answer several interesting queries in time O(log |X|)

» can be smoothly composed with more classical structures
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Wavelet Trees support many other queries

» How many elements with values between a and b?

v

Rectangular queries in a grid
» Augment with other structures in every level
Push/pop back/front

\ 4

and with a bit more effort

» Update the value of arbitrary elements in the list
(not in the paper)



Wavelet Tree implementation

[3[3[of1]2[1]7]6[4]8[o]a][3]7[s][0]2]7]3]5]1]3]

[3[3[1]2]1]4]4]3]2]3]1]3] [ol7]6]8]o]7]5][9]7]5]
[2[1]2]1]  [s[sfefefs]s]s] [r]e[7[s][7[s] [of8[o]o]
[[afa] [2f2] [slslslsls] [e]e] [e]s]s] [7]7]7] [9]9]9]

[s1s]  [e]



Wavelet Tree implementation

[3[3fof1]2[1]7]e[2[8[o]e]3]7]5][0]2]7]3]5]1]3]

00100011101 100111010 100

[ol7]6]8]o]7]5][o]7]s]

[3[3]1]2]1]4]4]3]2]3]1]3]

1001100100

110001110101

[o]8]o]9]

(7] 7]s]7]s]

[3[3[4]4]3]3]3]

[1]2]1]2]1]

[6]s]s] [7]7]7] [9]9]9]

[3[3]3[3]3] [e]e]

[2]2]

ENENEY



Wavelet Tree implementation
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Wavelet Tree implementation
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Wavelet Tree implementation
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https://github.com/nilehmann/wavelet-tree
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Number of queries

Rank

1le+07
B wm
B wt
1le+06 —
100,000
10,000 100,000 1,000,000
Size

10 rank queries in 1s for input of size 10°,
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Number of queries
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| | Submitted | Accepted |

ILKQ1 49 9
ILKQ2 32 6
ILKQ3 35 2

Submissions until April 2016

As of today: two users submitted correct solutions using Wavelet Trees!
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