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Assignment 4 Fall 2017

Due Wednesday 11-10-2017, 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] Consider the cartogram in the figure below.
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Left: Rectangular cartogram. Middle: The corresponding regular edge labeling, i.e., the
dual/adjacency graph with colored edges. The blue, solid edges are correspond to horizontal
adjacencies. The red, dashed edges correspond to vertical adjacencies. Right: We can go
from one valid coloring to another valid coloring by the following operation (called a flip):
pick a 4-cycle that is alternating blue-red-blue-red, and recolor all edges inside the 4-cycle.

(a) Why have Belgium and Luxembourg been joined? Argue your answer by explaining
what would go wrong otherwise.

(b) Pick a 4-cycle with at least one vertex inside. Draw the resulting valid regular edge
labeling resulting from the corresponding flip. Furthermore, draw the corresponding
rectangular cartogram. You do not need to preserve the sizes of regions. The original
figure is editable in IPE.

(c) Determine a common pattern when considering how edges incident to an arbitrary
vertex are colored. Why is this pattern necessary?
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(d) If you consider how triangles are colored, which configurations cannot occur? Which
problems would occur with such a configuration?

Exercise 2 (G): [5 points] Recall from the lecture that a (polygonal) map M is a set of simple
polygonal paths c1, . . . , cm such that two paths do not intersect except at shared endpoints. A
monotone map is a map where all paths are x-monotone. Prove that the above-below relation
among paths is acyclic for a monotone map M . Furthermore, give an efficient algorithm which
computes a total order extending this relation for a monotone map M .

Exercise 3 (G): [5 points] Many schematization algorithms assume that the desired edge
orientations, some set C, is given as a parameter. For this exercise, we want to automate
the choice of such a set C of orientations (angles, that are equivalent up to rotations of 180
degrees). For simplicity, we aim to do so only for some given polygonal curve P in R2 with
vertices p1, . . . , pn.

(a) Define a metric to assess how suitable an orientation set C is for a given curve P .

(b) Consider some magic algorithm Alg(P ) that computes the optimal set C for a given P
according to your metric. To support your metric, draw an input curve P and the result
of Alg(P ) and provide a short argument why this is the desired result.

(c) Reflect critically on your metric. Can you construct an input curve P for which Alg(P )
gives nonintuitive results? Show the curve, the result of Alg(P ) and the intuitively
better set of orientations, and provide reasons why the one set is better than the other.

Note: if you so choose, you may introduce extra parameters for your metric. If you do, try
to keep the number of parameters small and choose appropriate values for them to answer
(b) and (c); that is, you want to answer the questions for some algorithm Alg(P, a, b, . . .) for
fixed values of your parameters a, b, . . ..
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