
601.435 / 601.635 Approximation Algorithms Spring 2021
Homework #5 Due: April 15, 2021, 9:00am

Reminder: you may work in groups of up to three people, but must write up solutions entirely
on your own. Collaboration is limited to discussing the problems – you may not look at, compare,
reuse, etc. any text from anyone else in the class. Please include your list of collaborators on the
first page of your submission. Many of these problems have solutions which can be found on the
internet – please don’t look. You can of course use the internet (including the links provided on
the course webpage) as a learning tool, but don’t go looking for solutions.

Please include proofs with all of your answers, unless stated otherwise.

1 Compact formulation for Multicut (50 points)

We saw in class an LP for multicut with an exponential number of constraints (one for each si − ti
path, for each i). Give a different LP relaxation which has only a polynomial number of variables
and constraints. Show that it is a valid relaxation of multicut, i.e., any integral multicut gives an
LP solution of the same cost. Finally, show that any solution to your new LP can be transformed
in polynomial time into a solution of original (exponentially large) LP with the same cost.

Note that this gives a more “practical” algorithm for multicut: instead of using the impractical
ellipsoid algorithm with a separation oracle, we can use interior point methods to solve the new LP
quickly and then transform the solution into a solution of the old LP, and continue our rounding
algorithm from there.

Hint: Think about LP solutions as metrics

2 Multiway Cut (50 points)

Consider the following two permutations π1 and π2 of [k], where π1(1) = 1, π1(2) = 2, . . . , π1(k) = k
and π2(1) = k, π2(2) = k − 1, . . . , π2(k) = 1.

(a) Consider a modification of the 3/2 approximation for Multiway Cut form Lecture 17: instead
of choosing π uniformly at random from all permutations of [k], we choose π = π1 with
probability 1/2 and choose π = π2 with probability 1/2. Prove that this modified algorithm
is still a 3/2-approximation for Multiway Cut.

(b) Using the previous part, design a deterministic 3/2-approximation for Multiway Cut. As
always, prove the approximation ratio and polynomial running time.

1


	Compact formulation for Multicut (50 points)
	Multiway Cut (50 points)

