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Õ(
√
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Reduction: Construction + n queries solve matrix multiplication

⇒ either Ω̃(n1.18) construction time or

Ω̃(n1.18/n) = Ω̃(n0.18) time per query

(we lose a log factor in the reduction)

Õ(
√
n3) = Õ(n1.5) (combinatorial)

Ω̃(n1.5)

Ω̃(n1.5/n) = Ω̃(
√
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Recall Hon et. al: O(n) space and O(
√
n) counting
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Index pairs of documents: {(d1,1, d1,2), (d2,1, d2,2), (d3,1, d3,2) . . .}

such that we can report all pairs where P1 occurs in the first and
P2 occurs in the second document

Reduces to ’common colors problem’

Index an array of colors, such that when given two intervals: report all
colors common to both intervals.

Answer:
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Given two intervals, are their colors disjoint?

Blocks: 1 2 3 4

1 2 3 4
1
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3
4

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

Query: [1, 7], [9, 12]

Check remaining indices

Occurs at 7 and 9

(RMQ)

(1D range emptiness)
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Idea: Build ’balanced’ binary tree on colors
Each node has an associated color

Each node induces a subset of colors
corresponding to the nodes in its subtree

Algorithm: Preorder traversal of the tree

2 queries at node u:

1. is color u in the output?
2. Is there a color in its subtree in the output?
• Yes: Continue traversal
• No: Skip subtree
• Yes+output: Report result and skip subtree
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Is there a color from u’s subtree in the output?
1. Yes: Continue traversal
2. No: Skip subtree
3. Yes+output: Report result and skip subtree
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Color Tree: ≤ n nodes and ≤ log n levels

Each level uses O(n) bits for the rank/select structures

⇒ O(n log n) bits = O(n) words

Each level uses O(n) bits for their matrices and RMQ

⇒ O(n log n) bits = O(n) words

Range emptiness for each color: O(n) words in total

Range predecessor/successor: O(n) words in total

The structure uses linear space, i.e. O(n) words
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