
CSE 151: Introduction to Machine Learning Spring 2015

Problem Set 3
Instructor: Kamalika Chaudhuri Due on: Jun 6, 2015

Problem 1
Recall that in the Viola and Jones algorithm we discussed in class, we needed to compute image features of
three types:

A feature F1 of type 1 is characterized by four numbers (a, b, c, d), and the value of F1(a, b, c, d) is the
sum of the pixels in the black rectangle in the figure with upper left corner at (a, b) minus the sum of the
pixels in the white rectangle in the figure with lower right corner at (c, d). The two rectangles have exactly
the same width and height. Similar formulas apply to features F2 of type 2, and features F3 of type 3. All
the rectangles in these features have exactly the same width and height.

To calculate these features fast, Viola and Jones store a set of values S(x, y) for each pixel location (x, y)
in the image I. For a fixed (x, y), S(x, y) is defined as:

S(x, y) =

x∑
i=1

y∑
j=1

I(i, j)

where I(x, y) is the value of the pixel located at (x, y). For any (a, b, c, d), write down an expression for
F1(a, b, c, d), F2(a, b, c, d) and F3(a, b, c, d) as a function of the S(x, y) values. No justification is needed.

Problem 2
Consider the following data distribution D over labeled examples. There is a single feature, denoted by X
which takes values in the set {1, 2, 3} and a binary label Y ∈ {0, 1}. D is described as follows:

Pr(X = i) =
i

6
, i ∈ {1, 2, 3}

Pr(Y = 1|X = i) = 0.2, i ∈ {1, 2}
Pr(Y = 0|X = i) = 1, i ∈ {3}

Also consider the following dataset S drawn fromD: {(1, 1), (2, 0), (1, 0), (3, 1)} with weights: W = (0.4, 0.2, 0.2, 0.2)
(so the weight of (1, 1) is 0.4 and so on.)

1. Consider the following classifier h: h(x) = 1 if x > 1.5 and 0 otherwise. What is the true error of h
when the true data distribution is D? Is h a weak learner with respect to the distribution D?

2. Is h a weak learner with respect to W?


