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Problem:  
Given a graph , build a compact data structure  such that  

            for any query pair , 
            the distance  can be reported in  9me.

G = (V, E) !

(u, v) ∈ V × V
dist(u, v) O(1)

Distance Oracle Problem

Trivial Solution:



 
Problem:  
Given a graph , build a compact data structure  such that  

            for any query pair , 
            -approxima9on of distance  can be reported in  9me. 

G = (V, E) !

(u, v) ∈ V × V
(t) dist(u, v) O(1)

Approximate Distance Oracle

Aim:
• Sub-quadratic space. 
• Sub-cubic preprocessing time. 
•  query time. 

        
O(1)



Main Idea

For graph 

• Compute a small set  of special vertices.  

• For each “special” vertex ,  store distance to ALL vertices in  

• For each “ordinary” vertex ,  store distance to vertices present in its locality.

G = (V, E)
S

s ∈ S G

u ∈ V∖S
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Reporting Approximate Distance

If  : Return exact distance
Else:
     Return  

x ∈ $%&&(u, S)

dist(u, S(u)) + dist(S(u), x)

$%&&(u, S)

u
x

S(u)

Query( ):x, u



How to cleverly choose   to optimise space?S

Total Size:    +   |S |n ∑
u∈V

"#$$(u, S)

Trick:  Put each vertex in  with probability S p





Result for Distance Oracle

We can compute a distance oracle satisfying: 

 — Expected Size:    +    =   

— Stretch:  3
 
— Query time  =   

E( |S |n ∑
u∈V

$%&&(u, S)) O(n3/2)

O(1)

How to reduce  

Size of oracle


