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Computational Geometry – Exercise Meeting #4
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Planar Point Location – Motivation
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Trapezoidal Maps – Intuition
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Trapezoidal Maps – Intuition
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Trapezoidal Maps – Intuition
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Trapezoidal Maps – Intuition
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Trapezoidal Maps – Update complexity
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Trapezoidal Maps – Update complexity
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Trapezoidal Maps – Intuition
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Trapezoidal Maps – Motion Planning
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Motion Planning – Circle among points
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Motion Planning – Circle among points
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Art Gallery Problem – Simple polygons

Simple polygon:

▪ No intersection of edges

▪ No holes

Guard and guard cover:

▪ Represented by points

▪ Placed on vertices of the polygon

▪ Cover contains all points that are visible from the guard



Art Gallery Problem – How to approach simple polygons?
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Art Gallery Problem – Lower bound (necessity)
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Art Gallery Problem – “Every 3rd”-approach does not work
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Art Gallery Problem – Edge cover
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Art Gallery Problem – Upper bound (sufficiency)

▪ Consider the dual graph of the triangulation

▪ Select any vertex of the dual graph and color the triangle 

vertices in three different colors

▪ Perform BFS on dual graph, color uncolored vertices in 

remaining color (graph is a tree)
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Art Gallery Problem – Upper bound (sufficiency)

▪ Consider the dual graph of the triangulation

▪ Select any vertex of the dual graph and color the triangle 

vertices in three different colors

▪ Perform BFS on dual graph, color uncolored vertices in 

remaining color (graph is a tree)



February 2nd, 2022 | Computational Geometry – Exercise Meeting #4 | Slide 28

Art Gallery Problem – Orthogonal polygons
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Art Gallery Problem – Orthogonal polygons
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Art Gallery Problem – Orthogonal polygons



February 2nd, 2022 | Computational Geometry – Exercise Meeting #4 | Slide 31

Art Gallery Problem – NP-hardness
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Art Gallery Problem – NP-hardness

Proof „⇐“: Consider a satisfying assignment of 𝐹
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Art Gallery Problem – NP-hardness

Proof „⇒“: The polygon is covered with at most 3𝑚 + 𝑛 + 1 guards
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Art Gallery Problem – Irrational guards



February 2nd, 2022 | Computational Geometry – Exercise Meeting #4 | Slide 35

https://doi.org/10.4230/LIPIcs.SoCG.2017.3

https://doi.org/10.4230/LIPIcs.SoCG.2017.3
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Art Gallery Problem – ∃ℝ-completeness

https://doi.org/10.1145/3486220

https://doi.org/10.1145/3486220
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Order-types and Order-type realizability

leftturncollinear rightturn

• Order-type of points 𝑝1, … , 𝑝𝑛: Mapping of each triple of points to its orientation

• Order-type Realizability: Given an order-type for a set of abstract points,

are there coordinates fulfilling the given order-type(s)?

https://arxiv.org/abs/1406.2636

https://arxiv.org/abs/1406.2636
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Order-types and Order-type realizability

▪ Example: Given abstract points 𝑝1, 𝑝2, 𝑝3 and 𝑝4
▪ Given order-type

▪ (𝑝1, 𝑝2, 𝑝3) collinear

▪ (𝑝1, 𝑝2, 𝑝4) leftturn

▪ (𝑝1, 𝑝3, 𝑝4) leftturn

▪ (𝑝2, 𝑝3, 𝑝4) rightturn


