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1. Check your exam documents for completeness (8 two-sided pages with 5 exercises).

2. You have 2 hours to solve the exercises.

3. You can solve the exercises in any order. You should not be worried if you cannot solve
all exercises! Not all points are required to get the best grade.

4. Immediately inform an assistant in case you are not able to take the exam under regular
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10. You may use anything that has been introduced and proved in the lecture or in the exercise
sessions. You do not need to re-prove it, but you need to state it clearly and concretely.
However, if you need something di�erent than what we have shown, you must write a new
proof or at least list all necessary changes.
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Exercise 1: Five Short Questions (12 points)

No justi�cation is required.
(There are no negative points for wrong answers.)

(a) (2 points) In a random search tree on n nodes, what is the probability that all nodes
have degree at most 2?

Answer: . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

(b) (2 points) Consider the treap shown below. The node 5 has been inserted last. How
many rotations were performed during the insertion of node 5?

0.0612

0.07 5 0.1814

0.41 2 0.379 0.89 13 0.2618

0.82 1 0.56 3 0.796 0.7611 0.51 16 0.7019

0.71 4 0.93 8 0.8110 0.80 15 0.6417 0.8320

0.997

Answer: . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

(c) (3 points) Let S be a set of n non-crossing segments in general position in the plane.
Recall the history graph created by the trapezoidal decomposition when inserting
the segments in S one by one according to some ordering.

Asymptotically, what is the maximum possible size of the history graph in the
worst-case?

Answer: . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Asymptotically, what is the size of the history graph in expectation, when the in-
sertion ordering is picked uniformly at random?

Answer: . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
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(d) (3 points) Consider an LP of the form

minimize cTx subject to Ax � 0,

for c 2 Rn, A 2 Rm�n.

What are the possible basic feasible solution(s)? (1 point)

Answer: . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Are the following statements true or false? (2 points)

There exists a choice of A and c, such that this LP

(i) is infeasible? [ ] False [ ] True

(ii) has an optimal solution? [ ] False [ ] True

(iii) is unbounded? [ ] False [ ] True

(e) (2 points)What is required such that the Ellipsoid method can be applied e�ciently
to a linear program with an exponential number of constraints?

Answer: . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
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Exercise 2: A Bad MinCut Algorithm (12 points)

Let G be a multigraph. We consider algorithm A, a modi�ed version of the algorithm
BasicMinCut. In each round, instead of contracting a random edge, A chooses two
vertices uniformly at random and merges them (see Figure 1), until the remaining graph
has only two nodes. A then returns the size of the only cut in this graph.

Prove that for any positive integer n, there exists a 2n-node multigraph G2n for which
this algorithm returns a correct minimum cut with an exponentially small probability,
i.e.,

P[A(G2n) = µ(G2n)] 2 O(
1

cn
)

for some constant c > 1.

v u w

Figure 1: Merging vertices u and v in the left multigraph yield the right multigraph.
Note that merging two vertices is equivalent to adding an edge between them
and contracting that edge.
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Exercise 3: Random Binary Search Tree (12 points)

Let n � 1. Consider a random binary search tree on n nodes. Compute the expected
number of nodes that have both a left and a right child. For full points, give a closed
form solution and simplify as much as possible.

Hint: You may use that 1
k(k+1)

= 1
k
− 1

k+1
for any k > 0.
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Exercise 4: Point Location (12 points)

The bounding box b(Q) 2 (R [ {−∞,∞})4 of a non-empty point set Q � R2 is de�ned
as the tuple of four numbers (xmax, xmin, ymax, ymin), where

xmax := max
p2Q

p1, xmin := min
p2Q

p1, ymax := max
p2Q

p2, ymin := min
p2Q

p2.

For Q = ;, b(Q) := (∞,−∞,∞,−∞).

We are now given a point set P � R2 of n points, and we assume that no two points in P

share the same x-coordinate, and that no two points in P share the same y-coordinate.

We add the points of P to the empty set one by one in a uniformly random order, yielding
a sequence of sets P0, P1, . . . , Pn, where P0 = ; and Pn = P.

Compute exactly the expected number of bounding box changes during this process. In
other words, compute E[|{i : b(Pi−1) 6= b(Pi), 1 � i � n}|]. Note that the insertion of the
�rst point is always counted as a bounding box change. You do not need to simplify
your solution.
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Exercise 5: Linear Programming (12 points)

(a) (6 points) Let c 2 Rn be some �xed vector. Consider the following linear program:

minimize cTx subject to 1Tx � 3 and 0 � x � 2,

where 0, 1, and 2 denote the all-zero, all-ones, and all-twos vectors, respectively.
Explicitly1 describe the set of vectors which are basic feasible solutions of this
linear program, and describe an optimal basic feasible solution in terms of c.

(b) (6 points) Consider the following linear program in standard form,

maximize cTx subject to Ax � b and x � 0.

Its dual linear program is

minimize bTy subject to ATy � c and y � 0.

Let x� 2 Rn be a feasible solution of the primal LP and y� 2 Rm be a feasible
solution of the dual LP. Assuming that there exists an i 2 {1, . . . ,m} such that
y�i > 0 and (Ax�)i < bi, prove that either x� or y� (or both) are not optimal
solutions for their respective LPs.
Hint: You may use strong duality.

1By \explicitly", we mean that you should �nd a description of the vectors in this set in terms of their

entries, and you should not use the de�nition of basic feasible solution in your description.
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