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Assignment 3 Fall 2017

Due Wednesday 27-09-2017, 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] This exercise is about static label placement using unit-square labels.
Recall that in a fixed position model a label needs to touch the corresponding point in one of
many positions. Thus, a fixed position model can be specified by marking a (finite) number
of admissible positions on the boundary of the unit square. In the standard 4-position model
we would mark the corners of the square. In this exercise you will show that the 4-slider
model is considerably more powerful than fixed position models no matter how many (and
which) positions are allowed.

Specifically, prove the following statement: For unit-square labels the 4-slider model can
sometimes label 1.5 times as many points as any fixed position model.

Exercise 2 (G): [5 points] This exercise is about determining the computational complexity
of two fixed-position models. To do so, you will use that 2-SAT (satisfiability for Boolean
formulas in 2CNF) can be solved in linear time (linear in the complexity of the formula).

(a) Using a reduction to 2-SAT, prove that in a 2-position model deciding whether all
(rectangular) labels can be placed can be done in polynomial time. What is the running
time of this algorithm?

(b) Now consider the following 3-position model: the (rectangular) label touches the point
at its left-bottom or right-bottom point, or at the point exactly in the middle of the
bottom boundary (see figure). Can you still use a reduction to 2-SAT? If so, describe
and proof your reduction. Otherwise, argue why this is not possible.
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Exercise 3 (G): [5 points] In the lecture on dynamic labeling we saw that active range
selection for zooming labels is NP-complete even if all selectable ranges are the same (0, Smax)
and all active ranges should also start at 0. In this exercise you will show that this is not the
case for the corresponding 1D problem. In this setting the “cones” are triangles (where one
coordinate, s, corresponds to the zoom level and the other coordinate, x, corresponds to the
space in which want to place the labels). The apex of such a triangular cone is at s = 0 and
the opposite side at s = Smax. We further assume that the cones are congruent. Given a set
of such triangular cones ∆1, . . .∆n we want to select active ranges [0, A1], [0, A2], . . . [0, An]
such that

∑n
i=1Ai is maximized.

Give a polynomial-time algorithm for this problem. Hint: Use dynamic programming.
The following observation might be helpful: the range with maximum Ai splits the problem
into two independent subproblems.
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