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Statistical Data Exploration

Closed questions (20 questions 1 point each, one correct answer only)

Task 1. How many points will be taken into account when determining the
midpoint class  with the 3-nn method (figure on the right)?
(a) 3
(b) 4
(c) 2

Task 2. Same drawing as in the previous question. In the case of the (4,3)-nn method, will the
central point be
(a) classified as a square
(b) classified as a triangle
(c) no decision will be made

Task 3 What assumptions lead to the different forms of the classification rule in the LDA and
QDA methods?
 (a) one-dimensional Gaussian distribution (LDA), two-dimensional Gaussian distribution (QDA)
 (b) different covariance matrices (QDA), equal covariance matrices (LDA)
 (c) two class applicability (LDA), three class applicability (QDA)

Task 4 Pick the true property of the naive Bayesian classifier
 (a) multiplicative influence of successive components of the observation vector
 (b) Gaussian distribution of observations p (k|x)
 (c) independence of the components of the observation vector

Task 5 In the bootstrap method
(a) we draw without replacement,
(b) we draw with replacement,
(c) we only create a single sub-sample.
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Case study (10 points)

We have three (x, Y) data series:  X1,  X2 oraz  X3, each characterized by a different class (so we
have g=3), and each consisting of 5 observations:

X1=(
1 2
2 3
2 2
2 1
3 2

)  X2=(
3 4
4 5
4 4
4 3
5 4

)  X3=(
5 0
6 1
6 0
6 −1
7 0

)

Calculate the optimal separating direction a using Fisher method. Evaluate if the method enables
class separation. Why the second direction (corresponding to the second eigenvalue) is worse than
first?

Formulas:

The expected (mean) value in each class k (nk is the number of observations in class k):

mk=
1
nk
∑
i=1

i=nk

x i

Covariance in each class k:

Sk=
1

nk−1
∑
i=1

i=nk

(xi−xk )(xi−xk)
T

Within-class covariance W (n is the total number of observations  n = n1 + n2 + n3):

W=
1
n−g

∑
k=1

k=g

(nk−1)Sk

Between-class covariance B (m is the mean value over all observations):

B=
1
g−1

∑
k=1

k=g

nk(mk−m)(mk−m)
T

We obtain the optimal direction a by maximizing the formula

J=
aT Ba
aTW a

i.e., by calculating the eigenvector corresponding to the largest eigenvalue of the equation

A=W−1B
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The eigenvalues λ can be obtained by calculating the roots of characteristic polynomial 

det (A−λ I ) ,

where I to is identity matrix and eigenvectors xi  corresponding to specific eigenvalues  λi can be
obtained by soling the the equation

(A−λ i I )⋅x i=0
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