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MAJOR EXAM 2

Duration: 120 minutes

ID:
NAME:
¢ Show your work. Problem Score
1 /20
2 /20
3 /25
4 /25
¢ Use the space provided to answer 5 /10
the question. If the space is not
enough, continue on the back of the Total /100
page. Score /20
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Problem 1 (20 points)

Let f : R" — R be a differentiable at X. Suppose that d € R" is such that V£(X)'d < 0.
(a) Show that there exists a A > 0 such that f(x + Ad) < f(X) for each A € (0, 7).
(b) Show that if X is a local minimum, then V f(X) = 0.

(c) Give a counter example to (b) with f : R?> — R.
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Problem 2 (20 points)

Let X be a nonempty open set in R" and g; : R” — R fori € {1,...,m}. Define the
sets

feasi?}eset
S = {xeX: gi(x)<0 forie {1,...,m}i and I={i:gi(x)=0}

P
index set for active constraints

Let X € S and assume that

(1) {gi};c; are differentiable at X
(2) {8i};g; are continuous at X,
(3) {gi}cs are strictly pseudoconvex at X

Show that
Go =D,

where

Go = {d:Vgi(x)'d <O0foreachie I}
D {d:d #0, andx+ Ad € Sforall A € (0,9) for some é > 0}.
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Problem 3 (25 points)

Consider the following nonlinear problem

9 2
min (x1 — Z) + (xp —2)?

subject to
Xy — x% >0
X1 +x2 <6
x1, xp>0.

1. Write the KKT optimality conditions and verify that these conditions hold true

at the point X = (3, ?I)t.
2. Interpret the KKT conditions at X graphically.

3. Show that X is indeed the unique global optimal solution.
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Problem 4 (25 points)
Consider the nonlinear problem
min x% + x%
subject to
x1+xp—4 > 0
X1, X2 > 0.

(a) Verify that the optimal solution is X = (2,2)! with f(X) = 8.
(b) Let X = {(x1,x2) : x1 > 0,xp > 0}, then write the Lagrangian dual problem.
(c) Verity that there is no duality gap for this problem.

(d) Starting with x = (3,3)t, perform one iteration of the cutting plane algorithm,
check optimality and set-up the master program of the second iteration only (do
not solve this in the second iteration).
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Problem 5 (10 points)

Derive the Lagrangian dual of the linear program

max ctx

subject to
Ax <b
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