10907 Pattern Recognition Exercise 1 Fall 2019

10907 Pattern Recognition

Lecturers Assistants
Prof. Dr. Thomas Vetter (thomas.vetterQunibas.ch)  Dennis Madsen (dennis.madsen®@unibas.ch)
Dana Rahbani (dana.rahbani@unibas.ch)
Moira Zuber (moira.zuber@unibas.ch)
Genia Bding (genia.boeing@unibas.ch)
Exercise 1 — Normal Distribution

Introduction 23.09
Deadline 29.09 On paper, Spiegelgasse 1. Or upload .PDF file format to Courses.

The exercise can be done in groups of maximum 2 students. If so, only upload/hand-in
1 version of the exercise.

Do not hand in coding files (python or similar) for us to execute!

Do not send us pictures of your hand-written exercise. Put the hand-written
papers in the mailbox (Pattern Recognition) or properly scan the pages such that
they have a white background!

1 Multivariate Normal Distribution [3p]

Consider a bivariate (2D multivariate) normal population with p; = —2, s = 1,0? = 6,035 = 6,
and with cross correlation coefficient, p15 = —%.

1. Expand the full probability density (simplify as much as possible) [1p]
2. Determine the main axes and sketch the constant-density contour at one standard deviation

2p]

2 Independence [3p]
Consider X = [X1, X3, X3]" distributed according to N'(X | u, X) with

-3 3.0 0
p=|1], ==|0o 6 -3
4 0 -3 6

Which of the following pairs of random variables are independent? Explain.
1. X3 and X4
2. X3 and X,
3. 2X; — X9 — X3 and X35 — X

3 Conditional Distribution [2p]

Calculate the conditional distribution of X;, given that X5 = x5 in the joint distribution
N (p,X). Compare the conditional distribution P(X; | X3 = 1) to the marginal distribution
P(X3) in a plot.
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4 Classification [2p]

Classify a point X = [—2, 0] into one of two classes, where each class follows a normal distribution
with parameters pq = [—4,—2] and pe = [—1,—2] and

(a) isotropic and identical covariance matrices.

(b) covariance matrices:

15 18 15 09
Z1= {1.8 6 } o 2= [0.9 0.6] '
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