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Show that the following set is a convex set:
{x e R"|Ax < b,Cx = d},

where A € R™*", b € R™, C € R¥*", d € R*.
Hint: Take two points in this set and use the definition of the convex set to show it is convex.
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Show that the unit ball set, with norm |[|.||, is a convex set:

B(x) = {z € R"| ||| < 1}.
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Definition (Convex set and convex hull)

A set D is a convex set if it completely contains the line segment between any two points in the
set D:

Vx,y e D,0<t<1 = tx+ (1 —1t)y € D.

The convex hull of a (not necessarily convex) set D is the smallest convex set containing the set
D. If a set is convex, it is equal to its convex hull.

Definition (Convex function)

A function f(.) with domain D is convex if:
flax+(1—a)y) < af(x)+ (1 - a)f(y), Vx,yeD. (1)

where a € [0, 1].

Definition (Convex function)

If the function f(.) is differentiable, it is convex if:
f(x) > f(y)+ Vf(y) (x—y), Vx,y €D. (2)

Definition (Convex function)

If the function f(.) is twice differentiable, it is convex if its second-order derivative is positive
semi-definite:

V2f(x) =0, VxeD. (3)



Show that the following function 1s a convex function:

f(z) = 2%,

where x € R.

Hint: Use any of the definitions of the convex function to show this function is convex.
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Show that the following function i1s a convex function:

flx)=a'z+b,

AA
where x € R", a € R", and b € R. [0“ WL] A
Hint: Use any of the definitions of the convex function to show this function is convex.
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