
E0 249 : Homework 1

Due date : 25 January, 2022, 11:00am

Instructions

• Please write your answers using LATEX. Handwritten answers will not be accepted.

• You are forbidden from consulting the internet. You are strongly encouraged to work on the problems
on your own.

• You may discuss these problems with others (at most two other students). However, you must write
your own solutions and list your collaborators for each problem. Otherwise, it will be considered as
plagiarism.

• Academic dishonesty/plagiarism will be dealt with severe punishment.

• Late submissions are accepted only with prior approval (on or before the day of posting of HW) or
medical certificate.

1. Cycle-free Maximum-edge Subgraph.
Give a polynomial time 2-approximation algorithm (with pseudocode, proof of approximation guaran-
tee, and runtime) for the following problem. Given a directed graph G := (V,E), find the maximum
cardinality subset of edges E′ ⊆ E such that the resulting subgraph G′ = (V,E′) is acyclic.
(Hint: You can use |E| as an upper bound on OPT .)

2. Cardinality Vertex Cover.
Consider the following algorithm for the vertex cover problem where each vertex has weight 1. Find a
DFS tree T in the given connected graph G and output the set S of all nonleaf vertices of T . Return
S. Show that S is indeed a vertex cover and the above algorithm is a 2-approximation algorithm.
(Hint. Show G has a matching of size d|S|/2e.)

3. Euclidean Steiner Tree.
Given n points (terminals) in R2, define the optimal Euclidean Steiner Tree to be a minimum length
tree that connects all n points and any other subset of points (Steiner points) from R2. Prove that
each Steiner vertex must have degree 3 with all three angles being 120 degrees. Also prove that the
tree has at most (n− 2) Steiner points.

4. Geometric Bin Packing.
Consider a geometric variant of bin packing problem where we are given a set of n rectangles I :=
{r1, r2, . . . , rn} where each rectangle rk is specified by its width and height (wk, hk) such that wk, hk ∈
(0, 1]. The goal is to pack all rectangles into minimum number of unit square bins. Show that it is
NP-hard to obtain a (2− ε)-approximation for the problem for any ε > 0.
(Hint: you may use a reduction from Partition problem.)

5. Multiple Knapsack.
In multiple knapsack problem, we are given n items I and m knapsacks such that each item has profit
p(i) and size s(i), and knapsack j has capacity c(j). A packing of S ⊂ I is feasible if there is a partition
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of S into m sets S1, . . . , Sm such that
∑

i∈Sj
s(i) ≤ c(j). The goal is to find a maximum profit subset

of items that can be feasibly packed into m knapsacks.
Consider the following Greedy(ε) algorithm: pack one knapsack at a time, by applying the FPTAS
(with parameter ε) for the single knapsack problem on the remaining items. Show that Greedy(ε) gives
a (2 + ε)-approximation algorithm for multiple knapsack problem.

Practice Problems:
VV: 1.1, 1.2, 1.3, 1.4, 1.7, 1.8; 2.3, 3.5, 2.6, 2.11, 2.14, 2.15; 3.2, 3.3, 3.5, 3.6; 8.1, 8.2, 8.3; 9.1, 9.2, 9.3, 9.9.
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