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4810-1185 Network Optimizations — Final Examination 2018
Problem 1
Consider a monotone submodular f. We will work on some properties of the function in this problem.

Question 1.1: Consider a positive real number ¢ and a function g such that g(S) = c - f(S). Discuss
why g is also a monotone submodular function.

Question 1.2: Consider a function g such that g(S) = log f(S). Discuss why g is also a monotone
submodular function.

Question 1.3: Consider a monotone concave function g. Discuss why h = g°f is also a monotone
submodular function.

Question 1.4: Consider a monotone submodular g. Discusswhy h = g - f (e.g. h(S) = g(S) - f(S)) is
a monotone submodular function.

Question 1.5: Consider a monotone submodular g. Discuss why h = g + f (e.g. h(S) = g(S) + f(S))
is a monotone submodular function.

Problem 2
In this question, we will solve the maximum lifetime coverage problem for the following instance.
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Question 2.1: Give ideas how all the target coverages look like.
Question 2.2: Give ideas how the linear program which we use to solve the instance looks like.

Question 2.3: Give ideas how the dual program of your LP in Question 2.2 looks like.

Question 2.4: Discuss why the target coverage {1,2,3} will never been selected in the Garg-Konemann
Framework.

Question 2.5: Consider a target coverage S such that there is another target coverage S’ where S’ < S.
Discuss why the target coverage S will never been selected in the Garg-Konemann framework.

Question 2.6: From the viewpoint of the Garg-Konemann framework, discuss why we can exclude the
target coverages in Question 2.5 from our LP.

Question 2.7: From the problem statement of the maximum lifetime coverage problem, discuss why it
does make sense not to use target coverages in Question 2.5.
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Problem 3

Consider the following room where there are two routers at corners of the room.

Router 1
Point (5,5)

Router 2
Point (0,0)

From the following question, assume that there is only one mobile in this room. The approximated
distance from the mobile to both of the routers is 2m.

Question 3.1: Without consider the semi-definite programming in the class, specify what the objective
function for this instance is.

Question 3.2: Specify what the solution we expect to have from your objective function in Question 3.1.

Now, assume that there are two mobiles in this room. The approximated distance from both of the
mobiles to both of the routers is 2m. Also, the approximated distance between both of the mobiles is
2m.

Question 3.3: Without consider the semi-definite programming in the class, specify what the objective
function for this instance is.

Question 3.4: Guess what the solution we expect to have from your objective function in Question 3.3.

Now, assume that there are n mobiles in this room. The approximated distance from all of the mobiles
to both of the routers is 2m. Also, the approximated distance between all mobiles is 2m.

Question 3.5: Guess what the solution we expect to have for this situation.

Question 3.6: Discuss why the solution of the localization problem does not change upon the scaling
on the input, i.e. you will be likely to have the same solution even if you assume that all the distances
in Question 3.5 is 1m or 1cm.



