CSEbH22 - Learning Theory - Homework Exercise 3

1. Choose 4 of the following 5 hypothesis classes and formally calculate their VC dimen-
sion:

(a) X =R, H is the union of two intervals. In other words, each h € H is defined by
four reals «, 8,7, 9 as

+1 ifz €[, 8] U[y,d)
he =
86 () {—1 otherwise

(b) X is the set of all intervals on the reals, H is the real line. In other words, each
h € H is defined by a real « as

ha(la,b]) = {

+1 if a € [a,b]

—1 otherwise

(c) X = R?, H is the set of axis-parallel squares (with equal height and width). In
other words, each h € H is defined by three reals «, 3,7 as

hapy() = {
(d) X = R?, H is the set of unit balls. In other words, each h € H is defined by a

point ¢ € R? as
() = {+1 if ||z — clls < 1

—1 otherwise

+1 ifz € Ja,a4+1] and zy € [B,5 4 7]
—1 otherwise

(e) X is the positive integers, H has 7 functions: hy, ho, hs, hs, bz, hi1, b3, where
hi(@) = {+1 if i divides

—1 otherwise

2. Let H; and Hs be two hypothesis classes with VC(H;) = dy and VC(Hs) = do.

(a) Prove an upper bound on VC(H;U%H5) (hint: use the fact that the growth function
is less than (em/d)?).

(b) Prove an upper bound on VC(H; - H2), where #H; - H, is the class that includes
hypotheses of the form h(z) = hy(z)ha(x) for all hy € Hy, hy € Hs.



