SGN-41007 Pattern Recognition and Machine Learning
Exam 9.10.2019

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 false7 No need to justify your answer, just T or F
Correct answer: 1 pts, wrong answer: —5 pts, no answer 0 pts.

{a) Maximum likelihood estimators are unbiased.

(b) The Receiver Operating Characteristics curve plots the probability of detection versus
the probability of false alarm for all thresholds.

- {c) Least squares estimator minimizes the squared distance between the data and the
- model.

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

(e) The 1.DA maximizes the variance of samples in each classes.

(f) Cross-validation is used for model accuracy evaluation.

2. The Pozsson distribution is a discrete probability distribution that expresses the probabﬂlty
of a number of events x > 0 occurring in a fixed period of time:
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We measure N samples: xg, %1, ..., Xn—1 and assume they are Poisson distributed and in-

dependent of each other.

(a) Compute the probability p(x; A) of observing the samples x = (xo,. X1y- -y Xn-1). (1p)
(b) Compute the natural logarithm of p, i.e., log p(xA}. (1p)

(c) Differentiate the result with respect to A. (2p)

(d) Find the maximum of the function, . e the Value where 2 o log px; 7\) =0. (2p)




| Prediction True label

Sample 1 0.8 1
Sample 2 0.5 1
Sample 3 0.6 0
Sample 4 0.1 0

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

3. Two measurements x(n) and y(n) depend on each other in a linear manner, and there are
the following measurements available: '

n o 1
n 7 9
(n) 12 15

B N

We want to model the relationship between the two variables using the model:
y(n) = ax(n) +b.

Find the L;-regularized least squares estimates @& and b that minimize the squared error
using penalty A = 10

4. (6 pts) Consider the Keras model defined in L1stmg 1. lnputs are 64 x 64 color images from
10 categories.

(a) Draw a diagram of the network.

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

5. (a) (4p) 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 characteristic curve. What is the Area Under Curve (AUC) score?

(b) (2p) A binary classifier is trained with 1 million samples from two classes. The AUC
of the classifier on test data with another 1 million samples, is 0.768. We choose one
sample from the positive class at random and another three samples from the negative
class at random. What is the probability that the sample from the positive class has
highest score of the four samples [hint: study the literature on the last page]?

! Alternatively, the unregularized solution will give you max. 4 points. -




Reélated Wikipedia pages

Inversion of 2 x 2 matrices [ edit]

The cofactor equation listed above yields the following result for 2 x 2 matrices. inversion of these matrices can be done as follows:163
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The ROG curve simply plots T{2) against F{£) while varying ¢ from 0 [o t. Thws, if we
view T as a function of F. the AUC can be rewsiften as follows,

AUC = ' T{F)dF,
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wheye we used the fact that the probability density function
Plp(x) = t|p(x') = 0] = F(t)
fs the derfvalive with respect to ¢ ot the cumutative distribation function
Fip(x'} < tip{x'} = O] = L~ F(2)
So, given a rndomly chosen sbservation X belonging to c/ass 1, and a randemly chosen

. obsenvation X’ belonging o class 9, the AUC Is the probabfiily that the evaiyated
classification algorithm will assign a higher score fo % thans to X', 1.e., the conditional

 probably of f(x) > p(x’).

ROC space {sqt]

Thy i tabia derive several “melrics” infobax). To draw a ROC tutve, only the tue positive
rate {TPR) and faise positive rate (FPR) are needad {as functions of some classifier parametar). The TPR defines haw
Tany corect posive reaults eesar ameong A8 positive samples avaiiable during the test FPR, on the other hand, defines
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AROG space is defnad by PR and TPR a% r and y axes respectivaly, which deplets relative brade-offs betwesn true
pasitviz {benefits) end false positive (coss). Since TPR &5 equivalent to sensitivity ang FPR s equalto § - specilicity, the

ROG graph is the vs{t iyt piot. Each result of st 1 a confy
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Listing 1: A CNN model defined in Keras

moadel = Sequential()

w, h =3, 3
sh = (64, 64, 3)

model.add (ConvelutionZ2D (32, w, h, input_shape=sh, border_mode="same’))
model.add (MaxPooling2D (pocl_size=(2, 2)))
model . add (Activation (" relu’})

model.add {Convolution2D (32 w, h, border mode=’' same’})
model.add {(MaxPooling2D{pool_size=(2, 2)})
model.add {Activation (' relu’})

model .add (Convolution2D (48, w, h, border_mode=’same’))}
model . add (MaxPooling2D {pool_size=(2, 2)))
model.add {(Activation (' xelu’))

model.add (Convolution2D (48, w, h, border mode='same’})
model.add (MaxPooling2b (pool_size={(2, 2)))
model.add{Activation (' relu’))

model.add(Flatten())
model ., add{Dense {128))

model.add (Activation (‘relu’))

medel.add (Dense {10, activation = /softmax’))




