
Issued: 02/04/2021 OR/MA 706 HW#3 Due: Tuesday Class 02/16/2021

[10 points each problem except that 20 points for Problem 4.]

(Part I) I know you are smart enough to figure out all optimal solutions to the three problems
listed below. But I want you to go through, step by step, the first-order and second-order
necessary and sufficient conditions to identify all optimal solutions.
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(Part II) It’s the time for you to get familiar with at least one software that may help you
learn course material and do homework and project.

4. Please try to use Matlab (or other software) to draw the objective function of the above
problems over their feasible domains and verify your solutions are correct.

(Part III) It’s also the time for you to sharpen yourself for proving things mathematically.
For the next 4 problems, try to prove the claims by yourself first. If you have problem of
doing so, you can find formal proofs in any book that may lead you to learn more about
proving things by yourself. More proofs are waiting for you down the road in this class!

5. Prove the following theorem known as Jensen’s inequality:

“ Let f be a convex function on a convex set Ω ⊂ En. Then, as m ≥ 2, f(
m∑
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αix
i) ≤

m∑
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αif(x
i) holds for all xi ∈ Ω, αi ∈ [0, 1] and

m∑
i=1

αi = 1.”

6. Prove the following theorem:

“Let Ω ⊂ En be a convex set, f1, f2 : Ω → R be convex functions. Then

(i) f1 + f2 is convex on Ω.

(ii) βf1 is convex on Ω, ∀ β ≥ 0.”

7. Prove the following theorem:

“ Let Ω be an index set and { fw
∣∣ w ∈ Ω } be a family of convex functions on S ⊂ En.

Then, f(x) , sup
w∈Ω

fw(x) is convex on { x ∈ S
∣∣ sup
w∈Ω

fw(x) < +∞ }.”



8. Give an example to show that the following statement may fail when f2 is convex but
decreasing:

“Let f1 be convex on S1 ⊂ En and f2 be convex and non-decreasing on a set T ⊃ f1(S1).
Then the composition function f2 ◦ f1 (x) , f2

(
f1(x)

)
is convex on S1.”

9. Other than convex functions, is there any function whose local minimum over a convex
set S ∈ Rn is always a global minimum over S?

If your answer is ”Yes”, show me a couple of such functions.

If your answer is ”No”, please tell me your reasons.


