Analysis and optimization: Midterm 2

Spring 2016

* Answer the questions in the space provided.
" e Give concise but adequate reasoning unless asked otherwise.

* You may use any statement from class, textbook, or homework without proof, but you
must clearly write the statements you use.

The exam contains 6 questions.

Sauttong.

Section: O 8:40-9:55 O 10:10-11:25

Name:

Question | Points | Score
1 5
2 9
3 8
4 8
5 10
6 10
Total: 50




1. (a) (2 points) State the definition of a convex function.
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(b) (3 points) Suppose f: R” — R is a convex function and «a is a real number. Show
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2. Give examples of the following:

(@) (3 points) A function with gradient (1, —1) and Hessian (? é) at (e, ).
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(b) (3 points) A function on R? with a critical point at (0,0) which is neither a local
minimum nor a local maximum.
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(c) (3 points) A convex function on R* which is not strictly convex.
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3. (8 points) Consider the equations
x*+y*=u, x*+y*=vw.

Show that we can express x and y as functions of u and v around the point (x, y,u,v) =

(1,2,5,9) and find the partial derivatives -g—’;, Z—JV‘, ‘;—Z, and %% at this point.
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4. Let A be a symmetric n X n matrix and B any m x n matrix.

(a) (2 points) Show that BTAB is symmetric.
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(b) (4 points) Suppose A is positive definite. Show that BTAB is positive semi-definite,
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(c) (2 points) What condition on B will ensure that BTAB is positive definite?
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5. (10 points) Consider the function

fGe,y,2)=x*+y® —3xy +22 - 22.

Find all the critical points of f and classify each one as a local maximum, local minimum,
or saddle point.
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6. (10 points) The plane 8x ~5y +z =5 and the cylinder x2+ y2 = 1 intersect in an ellipse.

What are the maximum and minimum values of the function f(x,¥,2) = y + 2 on this
ellipse and where are they attained?
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