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1. There are THREE questions in all. Answer all questions.

2. There is a blank sheet at the end that you can tear out and use for scratch work. This sheet
does not need to be submitted with the test. If you need extra sheets please ask.

3. READ THE QUESTIONS CAREFULLY.

4. Show all your work to get full credit.
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Problem 1 (12 points) Consider the function f(z,y,2) = (z —y)? +e* —2. = X +B -d )(3 +e -2
(a) Compute the gradient of f.
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(b) Describe (mathematically) the set of points (x,y, 2) at which thé gradient vanishes.
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(c) Compute the Hessian of f.
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(d) Is the Hessian positive definite at any of the points at which the gradient vanishes?
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(e) Is the Hessian positive semidefinite at any of the points at which the gradient vanishes?
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(f) What can you conclude about the local minima of this function?
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Problem 2 (13 points) (a) Draw the following set and label your figure carefully.

D = {(z1,29) : —2x1 +x2 <1, x5 >0}
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(b) Does f = z¥+ 24 — 2222 have a global minimum over D? Why?
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(¢) Does f = e*' — x5 have a global minimum over D? If so, find it.
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(e) Does f = 1 + 23 — 3x%x% have a global minimum over this new region?
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(f) Could you also conclude that f has a global minimum over the old region D?
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Problem 3 (15 points) Are the following statements true or false? If false, state the correction
precisely or give an example to show that the statement is false.

(a) A closed set is always bounded. -
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(b) Every set of the form {x : g(z) < 0} is closed.
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(c) Every linear program has a local minimum.
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(d) A non-linear program in one variable always has at least a local (if not global) minimum.
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(e) The Hessian of every function in n variables, for which the second partials exist, has nonnegative

eigenvalues.
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