Mathematical and Numerical Optimization Assignment 2

Spring 2026

Out: 18th May 2026
Due: 25th May 2026 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 assignments 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 | 4 | Total
Points: 40 | 20 | 20 | 20 | 100




Mathematical and Numerical Optimization Assignment 2 Due 25th May 2026

1. In this question we prove the convergence of the primal-dual subgradient method for saddle point problems.
Let ¢ : R x R™ — R be a function such that ¢(z,y) for any fixed y € R™ is convex in z and ¢(z,vy) for
any fixed x € R? is concave in x. Recall that the primal-dual subgradient method proceeds as follows.

e Choose z1 € X and y; €Y.
e Fort=1,23,..., 7T —1:
— Select gyt € Ou@(T4,Yt), Gyt € OyP(xy, yi), and step size 1, > 0.
— Compute x4y1 = projx{xt - 77tgx7t} and y;41 = prij{yt + thy,t}-

Assume that X and Y are convex.
(a) (10 points) Show that for any (Z,7) € X x Y, g, € 0,¢(Z,7), and g, € 0,0(Z, ),

o(Z,y) — ¢(x,9) < =g, (x—T) +g, (y—7) V(z,y) € X xY.
(b) (30 points) Let Zr and yr be defined as
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Show that for any (z,y) € X x Y,

T
o(@r,y) — ¢(x,97) < % <||(w1,y1) — (z,y)3 + Zn?ll(gm,ugy:t)%) :
22t:1 Ur t=1

2. (20 points) Let f: R? — R be a closed convex function. Using the fact that
x = prox () + prox;. (z),

show that for any A > 0,
T = prox, s () + Aproxy )« (/).

3. (20 points) Let h: R? — R be a closed convex function. Show that for any x,y € R? and 1 > 0,

[[prox,;, () — prox,, (Y)ll2 < [l = ylla-

4. (20 points) Let f:RY — R be given by f = g+ h where g : R? — R is a smooth convex function and A : R?
is closed and convex. Show that for any n > 0, 2* € arg min,cpa f() if and only if

a* = (I +n0h)~ (I —nVg)(z").
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