
technische universiteit eindhoven 2IMG15 Algorithms for Geographic Data

Assignment 2 Fall 2017

Due Wednesday 20-09-2017, noon (12:00), as pdfs on Canvas:
one pdf with your solution to the individual exercise; and one pdf for a group for the

group assignments (only one group member needs to submit this).

Requirements: Assignments have to be typeset in English. They have to be handed in by
each student separately, except for exercises marked with (G), which should be solved and
handed in by each (project) group. Please include your name(s) on top of the first sheet.
The exercise marked with (G) should be handed in as separate pdf-document. Solutions not
handed in as pdf-document (e.g., as word-documents) score 0 points.

How to describe algorithms: Whenever you are asked to describe an algorithm, you
should present three things: the algorithm, a proof of its correctness, and a derivation of its
running time. Your algorithm should be efficient (in terms of its asymptotics) and you may
loose points for slow algorithms; if you are unsure whether your algorithm is fast enough,
please ask. Try to keep your answers concise and to the point. Never give detailed code.
Only give sufficient detail to convince us that your method and your running time analysis
are complete and correct. In many cases this is much easier with a figure, and you are highly
encouraged to use illustrations.

Exercise 1: [5 points] In this exercise we want to design a simplification algorithm that is
not restricted to use input vertices.

Given a sequence A = 〈a1, . . . an〉 of points in the plane and an ε > 0 design an algorithm
that computes a minimum-length sequence B of points such that the discrete Fréchet distance
between A and B is at most ε. You may use that a smallest enclosing disk for a set of k
points can be computed in O(k) time. Your algorithm should run in O(n log n) time.

Exercise 2 (G): [5 points] The lecture focussed on curve simplification; for the purpose
of trajectory simplification we want to incorporate time into the Imai-Iri algorithm. In this
exercise we make the (common) assumption that the speed on an edge of the trajectory is
constant.

Given a trajectory A = 〈a1, . . . an〉 with ai = (xi, yi, ti) and an ε > 0 design an algorithm
that computes a Min-vertices simplification A′ of A with the property that at any time
t ∈ [t1, tn] the Manhattan distance between A and A′ is at most ε. The Manhattan distance
between two points (x, y) and (x′, y′) is |x−x′|+ |y−y′|. Your algorithm should run in O(n2)
time. Hint: The Manhattan distance is used in this exercise to simplify matters. In particular
the ‘disks’ of radius ε are now squares with sides oriented at a 45◦ angle to the coordinate
axes.
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Exercise 3 (G): [5 points] In this exercise you may assume that with each ‘edge’ τ [ti, ti+1]
of a trajectory you are given a speed vi and a heading direction di.

Give an efficient algorithm that optimally segments a trajectory by the following criteria:
for every segment τ [ti, tk] (at least) one of the following two holds: (A) the speed values in
{vi, . . . , vk} differ by at most a given threshold ∆ but you may ignore one of the speed values
vj (i ≤ j ≤ k) as outliers, or (B) the heading directions lie within an angular range of an
angle at most a given threshold α. Furthermore a segment of type A has to be followed by a
segment of type B (but type B can be followed by A or B).

When using a subroutine like ComputeLongestValid you should give details for the opera-
tions isValid, extend, and shorten. When adapting an approach from the lecture, you do not
need to describe the full algorithm but only how you adapt it.

2 /department of computer science


