
Exam Pattern Recognition
Date: Monday, January 28, 2013

Time: 16.00-19.00

General Remarks

1. Hand in your answers to part A (statistical pattern recognition) and part B (geomet-
rical pattern recognition) on separate sheets of paper.

2. Put your name and student number on every sheet.

3. It is not allowed to consult books, notes, telephones, etc. You are allowed to use a
calculator.

4. Always show how you arrived at the result of your calculations. Always explain your
answer, used symbols, etc. Be precise.

Part A: Statistical Pattern Recognition

Question 1 Short Questions (15 points)

(a) In neural networks, what is an activation function? Give an example of an activation
function. (3 points)

(b) In support vector machines we minimize the objective function

C
N∑

n=1

ξn +
1

2
||w||2.

What does ξn mean in this expression? (3 points)

(c) In linear regression, suppose we want to predict the sales price (in euros) of a house,
using the lot size (measured in square feet), and whether (desire.loc=1) or not (de-
sire.loc=0) the house is built on a desirable location. We want to fit a model that has
the following property: the price of an extra square foot lot size depends on whether
or not the house is built on a desirable location. Specify a regression function that
captures this property. (4 points)
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(d) In logistic regression, we have the following data set:

x t
1 0
2 1

Give the value of the likelihood function for w0 = −4 and w1 = 3. (5 points)

Question 2 Classification (15 Points)

We are given the following six data points:

The circles represent observations from class 1, and the crosses represent observations from
class 2.

(a) Give the linear discriminant functions a1(x) and a2(x), where the linear discriminant
function of class k is given by:

ak(x) = x̄>k Σ̂−1pooledx− 1
2
x̄>k Σ̂−1pooledx̄k + ln

Nk

N
.

Also give the decision boundary a(x) = 0 produced by linear discriminant analysis.
(12 points)

(b) Give the support vector(s) for a support vector machine with linear kernel and perfect
separation. (3 points)
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Question 3 Optimization (15 points)

Prior knowledge about the domain of application (which need not concern us here) leads
us to specify the following non-linear regression model:

E[tn|xn,1, xn,2] = wxn,1 + w2xn,2 n = 1, . . . , N.

To estimate the unknown coefficient w, we minimize the sum of squared errors.

(a) Give a general expression for the error function E(w) for this problem. (3 points)

Suppose we have the following data set (N = 2) at our disposal:

n xn,1 xn,2 tn
1 2 1 8
2 1 2 10

The error function for this data set is given in the following graph:

To find a value of w for which the error function is in a (local) minimum, we apply the
method of gradient descent, with step size η = 0.005 and initial value w(0) = −2.

(b) Find the value of w(1) using gradient descent. Clearly show how you arrived at
the answer. Will gradient descent converge to the global minimum from the given
starting value? (12 points)

Question 4 Logistic Regression (5 points)

We have the following data on smoking and gender:

smoke=0 smoke=1
male=0 40 15
male=1 35 10
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(a) Estimate the conditional probabilities P (smoke = 1|male = 1) and
P (smoke = 1|male = 0) from this data (1 point).

We fit the logistic regression model

P (smoke = 1|male) =
ew0+w1male

1 + ew0+w1male

to this data.

(b) Give the maximum-likelihood estimates of w0 and w1. Hint: We have 2 parameters
(w0 and w1) to estimate 2 conditional probabilities. Therefore the conditional prob-
abilities produced by the logistic regression model should be exactly equal to your
answers under (a). (4 points)

Part B: Geometrical Pattern Recognition

1. (General) 5 points

What is an affine transformation in the plane? How is it represented by a matrix?
How many degrees of freedom does it have?

Explain your answers.

2. (Model fitting) 10 points

(a) (5 points) Explain how the Iterative Closest Point (ICP) algorithm works for
finding a translation to align two 3D finite point sets. What is a disadvantage
of ICP?

(b) (5 points) Explain how the Hough transform works for finding a translation to
align two 3D finite point sets. What is a disadvantage of the Hough transform?

3. (Approximate, partial, n-m point set matching) 15 points

(a) (5 pts) What is the partial Hausdorff distance between finite point sets?

(b) (10 pts) Give an algorithm for finding an approximately optimal translation
to mininize the partial Hausdorff distance between finite point sets, based on
subdivision of the tansformation space.

Explain why the algorithm works.

4. (Curve matching) 20 points

(a) (10 pts) Give an algorithm to compute the Hausdorff distance between two sets
of line segments. Draw a picture and explain why it works.

(b) (10 pts) Explain that the lower left corner of the axis parallel bounding box
is a reference point for finding an approximate translation that minimizes the
Hausdorff distance between 2D curves. Explain what its approximation factor
is, with the help of a picture.
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