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Preprocess an array A of n elements into a space efficient data Prioritized string prefix queries
structure supporting the following queries.

Prioritized string prefix queries

fSorted range selection(i j k) Input : A set of strings with associated priorities.Sorted range selection(i, j, k)
Report the k largest elements in A[i j] in sorted order Queries : Report the k strings of highest priority Report the k largest elements in A[i..j] in sorted order. p g g p y

Solution : Trie + sorted range reporting.Solution : Trie  sorted range reporting.

i j
0 1 2 3 4 5 6 7 8 9 10 11 12 13

A 73 30 0 5 11 3 71 7 10 5 4 8 1 3 0 1 2 3 4

cab (9) cat (3) cod (4) hi (99) pi (88) preficab (9) cat (3) cod (4) hi (99) pi (88) prefi

S t d l ti (2 11 3) {71 11 10} Sort
[0 8]

Sorted range selection(2, 11, 3) = {71,11,10} Sort
[0,8]

hc phc p

[0,2] [3,3]
Online sorted range reporting(i, j)

[3,3]

Report the elements in A[i..j] one-by-one in sorted order. ia op [ j] y
[0 1] [2 2][0,1] [2,2] 99 8

dtb
Results (RAM)

dtb
439Results (RAM) 439

[5Space usage O(n) words
Prefix query for “pre” and k = 2 returns i

Space usage O(n) words
Prefix query for pre  and k = 2 returns 
“ fi ” ( i it 95) d “ ” ( i it 37)

iPreprocessing O(n log n) time
“prefix” (priority 95), and “prey” (priority 37) [5Sorted range selection O(k) time [Sorted range selection O(k) time

xOnline sorted range reporting O(1) time per element
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Range ReportingRange Reportingg p g
s Main Ideas in the Solution

M i t i O(l l ) t t t t f k ≤ l /(2 l l )2 iMaintain O(log log n) structures, one structure for k ≤ log n/(2 log log n)2 using 
O( l ) bit d t t f h i h 22i ≤ k 22i+1 ispace O(n log n) bits and one structure for each i where 22i ≤ k < 22i+1 using space

O( 2i) bit I t t l O( l ) bitO(n·2i) bits. In total space O(n log n) bits.
.

2with a given prefix. Case k ≤ log n/(2 log log n)2g p Case og /( og og )

For leaves and nodes at level 2 log log n precompute answers for all possibleFor leaves and nodes at level 2 log log n, precompute answers for all possible 
queries and store compactly To answer a query we locate the lowest commonqueries and store compactly. To answer a query we locate the lowest common 
ancestor of the leaves then lookup ≤ 4 precomputed sorted sets from which weancestor of the leaves, then lookup ≤ 4 precomputed sorted sets from which we 
extract the k overall largest elements by merging5 6 7 8 extract the k overall largest elements by merging.

x (95) press (13) prey (37) pride (37)x (95) press (13) prey (37) pride (37)

Example: k ≤ 3ed range reporting(5 7 2) Lowest common ancestor(i,j)Example: k ≤ 3ed range reporting(5,7,2) ( ,j)

[4,8]

i rr
[5 8][5,8]88

Levele Level
2 log log n

i
[5 7] [8 8][5,7] [8,8]
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5,5] [6,6] [8,8]37

es
5 10 1 8 6 8 3 17 33 8 9 5 4 16 9 31 5 11 28 4 5 17 14 9 2 15 32 7 3 15 12 9

5,5] 13 42
5 10 1 8 6 8 3 17 33 8 9 5 4 16 9 31 5 11 28 4 5 17 14 9 2 15 32 7 3 15 12 9

, ] 13 42 i jSorted range reporting(0,27,3)
75
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L f bl i d

95
7

32 7
5

10 5
Leaf table is stored
in a single word95 32 15 710 8 5
in a single word

17 8 6
33 31 1733 31 17
33 32 31

28 17 14
33 31 2833 31 28

C k > l /(2 l l )2Case k > log n/(2 log log n)2

lves sorting to computelves sorting to compute 
output is returned in sorted order Cut the i’th tree into three parts by cutting at levels 2i and 7·2i. Queries are handledoutput is returned in sorted order, 
problems can be found in areas

y g
by combining O(1) queries from each of the parts. Top part is handled as above. problems can be found in areas 

d databases

y g ( ) q p p p
Queries in the middle and bottom parts use Frederickson's array selection algorithm d databases. p y g
[2], radix sorting, and compact representation of precomputed sorted sets.[ ], g, p p p p
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