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Matching illustration

A matching M in a graph G = (V,E) is a set of edges with no endpoints in common. In
the graph below, find a matching of maximum size.
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How can you convince someone that the matching you found is indeed of maximum
cardinality?

ACTIVITY 1

Do this w your breakout
room in ezplain.mit.edu
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Spanning Tree Game

A spanning tree T in a graph G = (V,E) is a set of edges without any cycles that connect

all vertices together. The spanning tree game is a 2-player game. Each player in turn selects

an edge. Player 1 starts by deleting an edge, and then player 2 fixes an edge (which has not

been deleted yet); an edge fixed cannot be deleted later on by the other player. Player 2

wins if he succeeds in constructing a spanning tree of the graph; otherwise, player 1 wins.

Which graphs have a winning strategy for player 1? Which graphs have a winning

strategy for player 2?

For this graph with 16 vertices and 30 edges, which player has a winning strategy?

16

1 2 3 4

5
6 7

8

9
10 11

12

13 14 15

Activity No 2
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Spin Glass

Consider the 7 ⇥ 7 grid drawn below, where each edge has been made thick (solid) or
thin (dashed). Given an assigment of signs (+ or -) to the vertices of this grid, a thick edge
is violated if the endpoints have two di↵erent signs. A thin edge is violated if the endpoints
have identical signs. The goal is to find an assignment of signs which minimize the total
number of violations in the grid.

Massachusetts Institute of Technology Handout 3
18.433: Combinatorial Optimization September 8th, 2005
Michel X. Goemans

Problem set 1

This problem set is due in class on September 15th, 2005. It is compulsory, but as the
main question is quite challenging, it will only be used to increase your grade.

1. Name and email?

Which math classes have you taken?

Have you seen linear programming before and if so, to what extent?

2. The goal of this exercise is to familiarize you with the intrinsic complexity of combi-
natorial optimization problems. Consider the 7⇥ 7 grid drawn in Figure 1. Given an
assigment of signs (+ or -) to the vertices of this grid, a violation corresponds to either
a thick (solid) edge with two di↵erent signs at its endpoints or a thin (dashed) edge
with identical signs at its endpoints. The goal is to find an assignment of signs which
minimize the total number of violations in the grid.

-
+

+ -

+
+
- -

Violations if 

Figure 1: The instance

As you’ll probably realize, although finding a “good” assignment of signs might not
be that di�cult, convincing yourself that your solution is optimal is in fact quite
challenging. In addition to the assignment of signs and the corresponding number of
violations, a perfect answer should thus also include a proof that the solution is indeed
optimum.

As you’ll probably realize, although finding a “good” assignment of signs might not be
that di�cult, providing a proof that your solution is optimal is in fact much more challenging
(and a short proof exists for any instance).

Activity 3

t t t pro e
violations

In your groups try to find
the best assignment you
can and try to see what
LOWER bounds you can prove
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