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® Problem 1.1 Consider any 7' C R™. Show that conv(7T) is a convex set.

Solution For the possibly infinite set, the definition of the convex hall, is the following: Vx € T,
there are points p; € T and Ja; € R such that

S =
i
such that ), o = 1.

So let x,y € conv(T'). We want to show that Az + (1 — Ay) € T. From definition it follows that
I{p;}i_; and I{q;}¥_, , and real coefficients a; € R and 3; € R such that

Zaipi =z, Zﬁqu' =y,
i J
such that }>, a; =1 and }_; 8; = 1. Observe that
Ar+(1=XNy=A> aipi+ (1= Bg
i J
= Aaipi + (1= \)Bjg;.
'7]’

Observe that 3, - Aa; + (1 —A)B; = A+ (1 —A) = L. So this implies that Az + (1 — A)y is indeed
in conv(T).

® Problem 1.2 Show that the point-wise maximum of a finite number of convex functions, is a
convex function.

Solution Let {f;} be a finite set of convex function, and define
f(z) = max fi(x).
Observe that
(@) + (L= f(y) = AMfi(z) + (1= A) fi(y) z fildr + (1= XNy)
Because the inequality above holds for all choices of ¢, it implies that

Af(@)+ (1= f(y) = fAz+ (1= Ny).
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® Problem 1.3 The definition of a convex function involves convex combinations of two points x
and y. Let’s extend it to arbitrary many points. Let £k C R™ be a convex subset. Prove that a
function f : K — R in convex if and only if the following holds: For any m € N, and vectors
z; € K and any numbers \; > 0 with El A; = 1, we have

f ZM: SZAJ(%).
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