
CSE 291: Learning Theory Fall 2012

Problem Set 1
Instructor: Kamalika Chaudhuri Due on: Wed Oct 17

Instructions
• For your proofs, you may use any result covered in class, and its analysis, but please cite the result

that you use.

• Each problem is worth 10 points.

• The assignment will be graded on clarity and correctness. If your arguments are not clear and have
holes in them, I will assume that they are wrong.

Problem 1: Concentration of Exponential Random Variables
An exponential random variable with parameter α has the probability density function:

f(x) = αe−αx, 0 ≤ x ≤ ∞

Let Zi, i = 1, . . . , n be independent exponential random variables with parameter α, where 0 < α < 1, and
let Z = Z1 + . . .+ Zn. Show that:

Pr (Z ≥ (1 + ε)E[Z]) ≤
(

eε

(1 + ε)

)−n
for ε ≥ 1. [Hint: Observe that Hoeffding’s Inequality cannot be directly applied to exponential random
variables because they are not bounded.]

Problem 2: Packings on the Sphere
Show that there exists a set S = {v1, v2, . . . , vK} of K vectors on the surface of the (d − 1)-dimensional
sphere such that the following two conditions hold:

1. For every pair of vectors vi and vj in S, where i 6= j, |〈vi, vj〉| ≤ 1√
2
.

2. K ≥ eCd−C′
, for some constants C and C ′.

Problem 3: The SuperPAC Model
The SuperPAC Model is an extension of the PAC Model, where each example x in the domain set X is
associated with a positive weight w(x) which lies in an interval [L,U ]. Assume that for example x, the
weight w(x) is known. The loss of a classifier in the SuperPAC Model is defined as:

LossD(h) = E(x,y)∼D[w(x)1(h(x) 6= y)]

A hypothesis class H is said to be learnable in the SuperPAC Model if there exists an algorithm A such that
for all 0 ≤ ε, δ ≤ 1

2 , all distributions D over X × Y which are separable, the following holds. If A is given ε,
δ and m′H(ε, δ) examples as input, then with probability at least 1− δ, it outputs h ∈ H with LossD(h) ≤ ε.

Show that if a hypothesis class is learnable in the SuperPAC Model, it is also learnable in the PAC Model
and vice versa. What is the relationship between the functions mH(·, ·) (the number of examples sufficient
for learnability in the PAC model) and m′H(·, ·) (the number of examples sufficient for learnability in the
SuperPAC model)?


