
CS133 Assignment 2 

Due date: Thursday 4/25/2019 at 11:59 PM 

Convex Hull 

1. (2 points) Given a list of points, develop a linear time algorithm that tests whether the points 

form a convex hull or not. Notice that the points might come in either CW or CCW order. In both 

cases, the algorithm should return true as long as they form a convex hull. 

Example 1: Input: [(0,0), (1,0), (2,2)] ➔ Output: True 

Example 2: Input: [(0,0), (2,0), (1,1), (1,3)] ➔ Output: False 

Example 3: Input: [(0,0), (1,1), (2,2), (1,0)] ➔ Output: True 

2. (3 points) Given a set of points 𝑃 and a straight line defined by two points 𝑝1 and 𝑝2, prove that 

the point 𝑝𝑖 ∈ 𝑃 that is farthest away from the line 𝑝1𝑝2̅̅ ̅̅ ̅̅  is part of the convex hull of 𝑃. This can 

also be expressed using the following mathematical expression. 

𝑝𝑖 ∈ 𝑃 ∧ 𝑝𝑗 ∈ 𝑃 ∧ 𝑑𝑖𝑠𝑡(𝑝𝑖 , 𝑝1𝑝2̅̅ ̅̅ ̅̅ ) ≥ 𝑑𝑖𝑠𝑡(𝑝𝑗 , 𝑝1𝑝2̅̅ ̅̅ ̅̅ ) ⇒ 𝑝𝑖 ∈ 𝒞ℋ(𝑃) 

where 𝑑𝑖𝑠𝑡(𝑝, 𝑙)̅ is the Euclidean distance between the point 𝑝 and its projection 𝑝` on the line 𝑙 ̅

and 𝒞ℋ(𝑃) is the convex hull of 𝑃. 

This proof is needed for the recursive part of the Quick Hull algorithm. 

3. (2 points) Building on your proof in 2, prove that the farthest pair of points 𝑝1 and 𝑝2 in a set 𝑃 

have to be both on the convex hull of 𝑃. This can be expressed using the following expression. 

𝑝𝑖,𝑗,𝑘,𝑙 ∈ 𝑃 ∧ 𝑑𝑖𝑠𝑡(𝑝𝑖, 𝑝𝑗) ≥ 𝑑𝑖𝑠𝑡(𝑝𝑘 , 𝑝𝑙) ⇒ 𝑝𝑖,𝑗 ∈ 𝐶𝐻(𝑃) 

where 𝑝𝑖,𝑗,𝑘,𝑙 ∈ 𝑃 means that all of the points 𝑝𝑖 , 𝑝𝑗 , 𝑝𝑘 , and 𝑝𝑙 are in the set 𝑃 

4. (3 points) Describe how to craft a worst-case input of size n points for the Quick Hull algorithm. 

Recall that a worst-case scenario of the Quick Hull algorithm yields an 𝑂(𝑛2) asymptotic running 

time. 


