
Exam Pattern Recognition
Date: Thursday, February 2, 2012

Time: 9.00-12.00

General Remarks

1. Hand in your answers to part A (statistical pattern recognition) and
part B (geometrical 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, or someone else’s
answers. 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 (10 points)

(a) In neural networks, what is weight decay?

(b) In support vector machines, what is a kernel function? Give two ex-
amples of kernel functions.

(c) In linear regression, what is R2?

(d) Consider a binary classification problem. The table on the next page
gives the fitted probabilities for class 1 of a neural network (p̂nn) and a
quadratic discriminant function (p̂qda) on 4 observations.
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n tn p̂nn(tn = 1) p̂qda(tn = 1)
1 0 0.8 0.6
2 0 0.4 0.1
3 1 0.6 0.9
4 1 0.6 0.3

Which model has the lower error-rate? Which model has the higher
likelihood score?

(e) In a regression problem we want to predict the selling price of a house
from its lot size. Predict the price of a house with lot size 3000 from
the following data, using nearest neighbor with k = 3.

n price lot size n price lot size
1 55000 2176 5 64500 3510
2 92000 8580 6 34000 2475
3 54000 3420 7 83900 5500
4 43000 3750 8 38000 2800

Question 2 Logistic Regression (10 points)

It has often been claimed that the death penalty is applied in a racially dis-
criminatory fashion. To study this issue, data was collected on the following
variables:

variable description
dth 1 if got death penalty; 0 otherwise
bdef 1 if black defendant; 0 otherwise
wvic 1 if white victim; 0 otherwise
aggr number of aggravating circumstances
str 1 if victim is stranger; 0 otherwise
mstab 1 if multiple stabs; 0 otherwise

Using these data, we estimate the model

p(dth = 1) =
exp(w0 + w1 × bdef + w2 × wvic + w3 × aggr + w4 × str + w5 ×mstab)

1 + exp(w0 + w1 × bdef + w2 × wvic + w3 × aggr + w4 × str + w5 ×mstab)
.

This produces the following maximum likelihood estimates:

w0 = −3.22 w1 = −0.56 w2 = 1.55 w3 = 0.33 w4 = 1.75 w5 = 1.45
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(a) We note that w2 has a positive sign. Explain in plain terms what this
means.

(b) According to this model, what is the probability of the death penalty
for a black defendant who kills a white victim who is a stranger, with
3 aggravating circumstances and multiple stabs?

(c) On the basis of this study, would you say the death penalty is applied
in a racially discriminatory fashion? Motivate your answer.

Question 3 Neural Networks (15 Points)

Given is the following feed-forward neural network:
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In the hidden units (3 and 4) we use the (somewhat unusual!) activation
function h(a) = a2. The activation function in the output unit (5) is the
identity function: h(a) = a. As usual, node 0 denotes the bias unit that
always outputs the value +1. The network output is denoted by y, and the
observed value of the output (the target) by t. As error function we use
squared error.

(a) Write network output y as a function of the inputs x0 ≡ 1, x1, x2, and
the network weights wji.

(b) Give expressions for the local errors (δ) at the output unit and the hid-
den units for the given choice of activation functions and error function.

Suppose the network is being trained, and the current weight values are:
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We are processing an observation with input values x1 = 4, x2 = 2, and
target value t = 100.

(c) Compute the predicted value for t for the given input values by forward
propagation through the network.

(d) Compute
∂E

∂w31

for the given observation and the current weight values.

(e) Suppose we apply a gradient descent algorithm with learning rate η =
0.001 and update the weights after processing each observation. Give
the new value for w31.

Question 4 The EM Algorithm (15 points)

In the lectures we discussed the application of the EM-algorithm to model-
based clustering. A slight variation on this theme is the application of EM
to classification problems where some class labels are missing (this is called
semi-supervised learning).

We have four observations on attribute x. Two of these observations are
labeled, but for the other two the class label is unknown. The observations
are given in the left part of the table below.

data assignment
n x t z1 z2
1 1 1 1 0
2 10 2 0 1
3 6 ? 0 1
4 3 ? 1 0
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We assume that x has a normal distribution in both classes, that is, within
class i (i = 1, 2):

p(x | t = i) =
1√

2πσ2
i

exp

(
− 1

2σ2
i

(x− µi)
2

)
We use the EM algorithm to estimate the parameters µ1, σ

2
1, µ2, σ

2
2, and

the class prior probabilities p(t = 1) and p(t = 2). Our first guess is that row
3 belongs to class 2 (z2 = 1), and that row 4 belongs to class 1 (z1 = 1). For
those observations whose class label is observed, the probability of the true
class label is fixed to 1, that is, zi = 1 in all iterations if the observed class
label is i.

(a) Estimate the parameters using the initial class assignment (as indicated
in the last two columns of the table). Note: use the maximum likelihood
estimate of σ2

i , not the unbiased estimate.

(b) Given these estimates, compute the posterior probabilities of class
membership for the observations with unknown class. If you are unable
to find π or e on your calculator, you may use π = 3.14 and e = 2.72.

(c) Compute the new parameter estimates using the posterior probabilities
you computed under (b).

Part B: Geometrical Pattern Recognition

1. (General) 10 points

(a) What is a formulation for an optimization matching problem be-
tween two patterns A and B?

(b) What is a rigid motion transformation in the plane? How is it
represented by a matrix? How many degrees of freedom does it
have?

(c) Explain the use of a reference point in computing an approxi-
mate solution to computing an optimal matching under transfor-
mations.

Explain your answers.
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2. (Approximate point sets) 10 points

Give an algorithm for 1-1, approximate, complete finite point set match-
ing with a noise region of radius at most ε, under rigid motion in the
plane. What is the time complexity?

Explain your answers.

3. (Voting schemes point set matching) 15 points

(a) Explain how Geometric Hashing works for matching under rigid
motions. What is the time complexity? Is it for exact or approx-
imate, partial or complete, 1-1 or n-m matching?

(b) Explain how the Alignment method works and what the time
complexity is. Is it for exact or approximate, partial or complete,
1-1 or n-m matching?

Explain your answers.

4. (Curve matching) 15 points

(a) Explain what the Fréchet distance is.

(b) Give an algorithm to decide if the Fréchet distance between two
polylines in the plane is at most ε. Explain what the time com-
plexity is.

(c) Give two variations of the Fréchet distance.
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