Homework 7 for “Algorithms for Big-Data Analysis”

March 12, 2018

Note: Please write up your solutions independently. If you get significant help from others, write down the source

of references. A formal mathematical proof for all your claims is required.

1. Given an x p matrix X. Derive the optimal solution for the following problem:
min [|X — ZV|%, st. VIV =1,ZT1=0,

where Z is an X ¢ matrix and V' is a ¢ X p matrix.

2. Derive the dual optimization problem for

min 5”“’”2 +Cy Zfi +Cs Zﬁi
=1 =1
sty (zi-w+b)>1-&,Vi=1,...,n
fi ZO,Vi: 1,...,n
3. Properties of Submodular Functions

(a) Prove that any non-negative submodular function is also subadditive, i.e. if F': 2¥ — R is submodular
then F(SUT) < F(S)+ F(T) forany S,T C X. Here, Ry = {x € R,z > 0}.

(b) Prove that a function F' : 2% — R, is submodular if and only if for any S,7 C X, the marginal
contribution function Fs(T') = F(SUT) — F(S) is subadditive.

4. Given finite ground set X , and given wy € [0,1] for all d € X , define
F(S) = Ileswa,

where F' (U)) = 1. Is this submodular, supermodular, modular, or neither?



