[E 539 Convex Optimization Final Exam

Fall 2024

Out: 18st December 2024
Due: 18th December 2024 at 11:59pm

Instructions

Submit a PDF document with your solutions through the assignment portal on KLMS by the due date.
Please ensure that your name and student ID are on the front page.

Late submissions will not be accepted except in extenuating circumstances. Special consideration should
be applied for in this case.

It is required that you typeset your solutions in LaTeX. Handwritten solutions will not be accepted.

Spend some time ensuring your arguments are coherent and your solutions clearly communicate your
ideas.

Question: | 1 2 | 3 | Total
Points: 40 | 10 | 50 | 100




IE 539 Convex Optimization Final Exam Due 18th December 2024

Let fi : R* — R and f : R = R be S-smooth convex functions. Then take function f : R — R as the
point-wise maximum of f; and fs, i.e.,

f(x) = max{fi(z), f2(2)}
for all z € R?. We are interested in solving the optimization problem:

min  f(z).

To solve this, we consider the following algorithm.
1. Let 21 € R? be an initial solution.
2. Fort=1,...,T, we repeat the following.

e Given z;, € R? we take two functions g1, : R? — R and g2 : R? — R as

016(2) = fa(e) + V() (@ — ) + 5o — )
016(2) = Do) + Vo) (@ — ) + 2 o —

e Take function g, : R? — R as g;(z) = max{g1 ¢(z), go(2)} for x € R%

o Then we take x;41 as x4y = arg mingcpa ¢ ().
In the following questions, we walk through the convergence analysis of this algorithm.

1. (40 points) Prove that for each ¢ and for all z € RY,
By e _ Tio By 2
9e(@) = Sllz = 2ellz 2 gelzea) + Blwe = 2e41) (@ = 20) + S llwe — e [l2-
2. (10 points) Prove that for each ¢,
B 2
Flaer) < fl@e) = Sllze = zepalla-

3. (50 points) Prove that for each ¢,
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