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Quality measured in:
• Space S(n)
• Query Time Q(n)
• Preprocessing P(n)



1-dimensional case

R
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1-dimensional case

R

Observation: All points
reachable from p ∈ P lie
in an interval.
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1-dimensional case

R

Observation: All points
reachable from p ∈ P lie
in an interval.

p

covered by balls

DS: Save for each p ∈ P
the boundary points of
this reachability interval.

⇒
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Results

d = 1

P (n) S(n) Q(n) Restrictions

O(n log n) O(n) O(1)

d = 2

none
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2-dimensional case for radii in [1,
√
3)

Theorem (Thorup): For planar graphs we can compute a
reachability oracle with S(n) = O(n log n) and Q(n) = O(1)
in time O(n log n)
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2-dimensional case for radii in [1,
√
3)

Theorem (Thorup): For planar graphs we can compute a
reachability oracle with S(n) = O(n log n) and Q(n) = O(1)
in time O(n log n)

Plan:

Prune G to reduce crossings

1. Make graph planar without
changing reachability
2. Use Thorup’s Theorem

Possible crossings:

iii)

ii)

i)

⇒

⇒

⇒

up to O(n2)
1.

2.

3.
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Pruning G

Want: O(n) edges; O(n) crossings; same reachability
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Resolving the crossings
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Resolving the crossings
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c
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d
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x⇒

Why does this not change reachabilty?

a b
d(a, b) ≤ d(c, d)
d(a, b) = 1
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reachability locally.
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Resolving the crossings
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c
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d

c

a
d

b

x⇒

Why does this not change reachabilty?

a b

1

c

d

≥
√
3

Lemma: Resolving crossings
does not change the
reachability locally.

Lemma 2: This is also true
globally.

⇓
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Results

d = 1

P (n) S(n) Q(n) Restrictions

O(n log n) O(n) O(1)

O(1)d = 2 O(n log n) O(n log n)

none

radii in [1,
√
3)
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