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Instructions
e The exam consists of five problems for a total of 100 points.
e Read very carefully each problem before working on it.
e Partial credit will not be given if appropriate work is not shown.
e If you get stuck on a problem, skip it and come back to it if you have extra time at the end.

e Answer questions in the space provided. If you need more space for an answer, continue your answer on the back
of the page, or/and use the margins of the test pages.

e Carefully work out each problem and clearly indicate your final answer to any problem.
e You may use calculators but no other aids such as dictionaries, notes, books, etc.

e DISHONESTY WILL NOT BE TOLERATED.



Problems

1. [20 points] Let f(z,y) = 2® — azy + by, where a # 0 and b # 0.

a) (5 points) Find the critical points of f. X - % /> \3 s 37&
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b) (5 points) Show that one of the critical points you found in a) is a saddle point independently of the values

of a and b. ‘ 6 B
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c) (5 points) For what values of a and b is the other critical point you found in a) a strict local minimizer of f7
For what values of a and b is this point a strict local maximizer? .
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d) (5 points) Show that f has no global minimizers or maximizers.
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2. [20 points] Determine the values of a, b, and c that guarantee that f(z,y) = 4z + azy +y> + bz + 3y +c is

convex. Y X + a\t ‘\_ b
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3. [20 points] Suppose you use Newton’s method with Hessian modification to find a minimizer of Rosenbrock’s
function, which is defined by f(z,y) = (1 — )% + 100(y — 2%)2. Find a starting point for the method so that the
procedure for the eigenvalue modification of the Hessian is called during the method’s first iteration.
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4. [20 points] Follow the instructions below.

a) (10 points) Find the extreme points of f(z,y) =  + 2y subject to xy = 1. By comparing the corresponding
objective function values of the points you find, identify which point is a maximizer and which point is a minimizer.
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b) (10 points) Consider the point (1071°,10%°), which satisfies the constraint xy = 1. This point has a higher

objective function value than the maximizer of the previous point. Explain why the Lagrange method does not
detect this (and other similar) solution(s).
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5. [20 points] The code excerpt below shows the main loop of a basic implementation of the steepest descent method.
Explain what the highlighted section does and why it is important.

Sfor d=1:1:maxiter

1f q==
[currant,g,H] = hard{x({1),x(2)]};
best=current;
solution = x;

2lse

d = -g/narn{g);

alpha = all;

while true
X = % + alpha.*d;
[candidate,cq,cH] = hardlec(l) ,xc(2));
{current, g . Hl = hard(x{1) x(2}};

if candidate > current & el

x = x + alpha.*d;
[current,g,H] = hard(x(1),=(2));
if current < best
hest=currant;
solution = x;
end
and
points{i,1)=x{1);
points{i, 2)=x(2);

disp(['Iteration =" num2str(i) ' Obj. function valus = '
nunZstricurrent) ' Currant point = ' numZstrix) 1J;
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