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Introduction

A dynamic ordered set S is a data structure representing n 
objects and supporting the following operations: 
• Insert(x) inserts x in S 

• Delete(x) deletes x from S 

• Search(x) checks whether x belongs to S 
• Minimum() returns the minimum element of S 
• Maximum() returns the maximum element of S 
• Predecessor(x) returns max{y ∈ S : y < x} 

• Successor(x) returns min{y ∈ S : y ≥ x}
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A dynamic ordered set S is a data structure representing n 
objects and supporting the following operations: 
• Insert(x) inserts x in S 

• Delete(x) deletes x from S 

• Search(x) checks whether x belongs to S 
• Minimum() returns the minimum element of S 
• Maximum() returns the maximum element of S 
• Predecessor(x) returns max{y ∈ S : y < x} 

• Successor(x) returns min{y ∈ S : y ≥ x}

Challenge
How to optimally solve the integer dynamic 
ordered set problem in compressed space?

In the comparison model this is 
solved optimally by any self-balancing 
tree data structure in O(log n) time and 

O(n) space.

More efficient solutions there exist if the 
considered objects are integers drawn 
from a bounded universe of size u.
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Motivation

Integer Data Structures

• van Emde Boas Trees
• X/Y-Fast Tries
• Fusion Trees
• Exponential Search Trees
• …

Elias-Fano Encoding
• EF(S(n,u)) = n log(u/n) + 2n bits to 

encode an ordered integer 
sequence S

• O(1) Access
• O(1 + log(u/n)) Predecessor
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Motivation

Integer Data Structures

• van Emde Boas Trees
• X/Y-Fast Tries
• Fusion Trees
• Exponential Search Trees
• …

Elias-Fano Encoding
• EF(S(n,u)) = n log(u/n) + 2n bits to 

encode an ordered integer 
sequence S

• O(1) Access
• O(1 + log(u/n)) Predecessor

   space
+ time 
-

dynamic+
space+
static-

+ time

Can we grab the best from both?

?
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Objectives

1. Predecessor 

2. Access/Insert/Delete

Extend the static Elias-Fano representation of S as to support

in optimal time and using n log(u/n) + 2n bits
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sublinear redundancy

1. Predecessor 

2. Access/Insert/Delete

Extend the static Elias-Fano representation of S as to support

in optimal time and using n log(u/n) + 2n bits

For Elias-Fano, a = log(log(u/n) + 2) bits: 
the second branch becomes O(loglog n)

What is optimal?

Lower bounds - polynomial universes

2. [Fredman and Saks, STC 1989] 
Dynamic List Representation Problem: 
• Access/Insert/Delete in Ω(log n / loglog n) 

amortized time 
• w ≤ logγ n for some γ 
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Thanks for your attention, 
time, patience!

Any questions?
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