Mid-Semester Exam (CS-709)

15-Sep-2012

Note: There are two sections, totally 7 questions. Max. marks=15.
Duration=2hrs.

1 Determining Convexity

Note: Prove each of the following statements:
1. The negative harmonic mean function, f : R, — R given E| by f(z) =

— Va; >0, Vi=1,...,n, is convex.
E+m+

Tn

[1.5 Marks]

2. Let C' C R™ be a non-empty set. The function f : R® — R given by
f(x) = the distance between = and the farthest point in C' from z, is
convex.

[1.5 Marka]

3. The function f : R" — R given by f(x) = sum of r largest compo-
nents/entries of . Here 7 is a given number between 1 and n.

[2 Marks|

4. The function f: 5%, — R givenﬂ by f(M) = trace(M=') ¥ M = 0 is
sub-differentiable everywhere.

[2 Marks|

R, ={o=x1 ... 3] |2, >0Vi=1,...,n}.
29n, ={X eS| X0}



2 True or False Questions

Note: Respond to each of the following statements by indicating True(Yes)
or False(No). Also, in case of each statement, provide a short illustrative
or intuitive argument followed by a rigorous proof/answer to support your
response.

1. The value of a conic function may be negative at some point in the
domain; however the same cannot happen for a function that is dual
of a conic function.

[2 Marks|

2. Let f : C +— R be a closed convex function and f : C' — R be its
conjugate. Being crazy, suppose I share with you f  alone and hide f
completely, and then ask you to compute the sub-differential set of f
at any xo € C. Can you do itf? i.e., can you write some expression
involving f  (and not f) that gives you the sub-differential set of f at
any zo € C'?7

[4 Marks|

3. Is an analogous statement of the above for the case of conic functions
true? i.e., if f : K — R is a conic function and f* : K — R is its
dual. Then can you write some expression involving f* (and not f)
that gives you the sub-differential set at any zo € K7

[2 Marks]

3If any of you answer as ‘Yes’, then I am not crazy :)
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