SGN-41007 Pattern Recognition and Machine Learning
Exam 12.12.2019
Heikki Huttunen

> Use of calculator is allowed.

> Use of other materials is not allowed.

> The exam questions need not be returned after the exam.
> You may answer in English or Finnish.

1. Are the following statements true or false? No need to justify your answer, just T or E
Correct answer: 1 pts, wrong answer: —3 pts no answer 0 pts.

(a) Maximum likelihood estimators are unbiased.

(b) Least squares estimator minimizes the squared' distance between the data and the
model.

(c) Mobilenets were the first to introduce a shortcut (residual) conmnection between layers:

(d) The number of support vectors of a support vector machine equals the total number
of samples.

(¢) The LDA maximizes the within-class distance of samples in each class.

(f) Cross-validation is used for model accuracy evaluation.
2. Consider the model
x[n ]—Aexp(mn}sin(en)—{—w;[ 1, n=90,1,.. N—]

where wn] ~ M (0, %) and 0 is a known real number. In other words, we assume that our
measurement is a damped sinusoid at known frequency and phase and want to estimate
the amplitude A. Derive the maximum likelihood estimator of A.

3. Consider the Keras model defined in Listing 1. Inputs are 224 x 224 color images from 17.
categories.

(a) Compute the number of parameters for each layer, and their total number over all
layers. .

(b) Compute the number of multiplications requjfed on the first convolutional layer.

4. In this task, you will design both an um'egulamzed and a regularized LDA classifier.

(a) Compute the LDA weight vector for

e-(3) e
() =)

(b) Compute the regularized LDA with A = 100 You may use the Wikipedia pages at the
end of the exam paper. .




5.

oot

| Prediction True label

Sample 1 0.8
Sample 2 0.5
Sample 3 0.6
Sample4 | - 01

1

1
0
0

Table 1: Results on test data for question 5a.

Layer (type) Output Shape Param #
conv2d 1 (Conv2D) {None, 224, 224, 32)
max_pooling2d (MaxPooling2D} (None, 112, 112, 32)
conv2d 2 {Conv2D) {None, 112, 112, 32)
max pooling2d 1 {MaxPooling2 (None, 56, 56, 32}
convZd 3 {ConvzD) . {None, 56, 56, 32}
max pooling2d 2 (Maxﬁoolingz (None, 28, 28, 32)
coﬁde_ﬂ {ConvaD) {(None, 28, 28, 32)
max pooling2d 3 (MaxPooling2 ({(None, 14, 14, 32)
filatien {(Flatten)} {None, ' 6272)

dense {Dense) . {(None, 17)

Total params:
Trainable par
Non-trainable params: 0

Figure 1: Model structure of Question 3.

(a) A random forest classifier is trained on training data set and the predict, proba-
method is applied on the test data of Table 1. Draw the receiver operating character-
istic curve. What is the Area Under Curve (AUC) score?

(b) Draw the precision recall curve. What is the Area Under PR Curve (AUPRC) score?
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