RPZ Test 7.2.2023

Jméno:

1.

(2b) Bayesovska klasifikace. Uvazujte dvé tiidy 1 a 2, které maji obé normélni rozdéleni, N (p;, Cy)
a N(ug, Cy), a stejné apriorni pravdépodobnosti. Parametry rozdéleni jsou:

=[2]o-[3 2] 4] [ ]

Najdéte klasifikdtor, ktery minimalizuje chybu klasifikace.
(5b) Metoda maximalni vérohodnosti (Maximum Likelihood, ML).

(a) (3b) Zivotnost zarovek je popsina hustotou pravdépodobnosti p(t) = Le=%,¢ € [0,00],
kde p(t)d je pravdépodobnost, ze zarovka praskne v intervalu (¢,t + d) (6 — 0). Jaky je
maximalné vérohodny odhad 6, pokud mame zaznamenéan cas selhani Sesti zarovek:
to =0.0,t; = 1.0,ty = 2.3,t3 = 2.7,t4 = 6.0, t5 = 12.07

(b) (2b) Zafizeni zaznamenévajici ¢asy selhani zarovek bylo z uspornych davodu vytazeno. 74-
rovky byly napajeny nepietrzité po dobu T a jedinou informaci, kterou mame k dispozici, je
ze po této dobé je G zarovek jesté dobrych (Good) a F' zarovek uz selhalo (Failed). Najdéte
maximalné vérohodny odhad 6.

(4b) Adaboost. Mame nésledujici jednodimenzionélni data:
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a mnozinu slabych klasifikatori h(x) = sign(ax +b) (a € {—1,1},b € R). Vysvétlete na tomto
piikladu, jak funguje a co déla Adaboost (udélejte celou jednu iteraci, konéici prvnim prevazenim
dat.)

(4b) Vysvétlete algoritmus K-means-++. Dejte piiklad, kde pouziti K-means++ pomize.
(5b) Rozhodovaci stromy.

(a) (2b) Vysvétlete jednoduchy zpusob konstrukce stromu shora-doli, ktery pouziva k vybéru
rozhodujiciho kritéria maximalizaci informac¢niho zisku.

(b) (3b) Diskutujte vyhody a nevyhody rozhodovacich stromui.
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1. (2 points) Bayes Classification. Consider two classes with equal prior probabilities and Gaussian
class-conditional distributions N(u, Cy) and N (us, Ca), with:

=[3]-[3 2] | 4] [ ]

Find the classifier minimizing the probability of classification error.
2. (5 points) Maximum Likelihood Estimation.

(a) (3 points) The reliability of light bulbs is defined by the probability density function p(t) =
Le7/% t € [0,00], where p(t)d is the probability that a bulb fails in a short interval §
centered at time ¢. What is the maximum likelihood estimate of the reliability parameter 6
if the following lifetimes have been observed in an experiment with six bulbs:
to - 0.0,tl = 1.0,t2 - 2.3,t3 - 27, t4 - 60, t5 - 120?

(b) (2 points) The same problem, but the device for logging the failure times is not available.
The bulbs have been powered for a time interval of length 7. The only information we have
is that after this time, G bulbs are still good and F' bulbs have already failed. Find 6.

3. (4 points) Adaboost learning algorithm. Consider the following 1-D data:

009 cClass 1
000 class -1

and the following set of weak classifiers: h(z) = sign(az+b) (a € {—1,1},b € R). Use this example
to explain how Adaboost works (make one full iteration, ending with first data re-weighting.)

4. (4 points) Describe the K-means++ algorithm. Give an example where K-means++ helps.
5. (5 points) Decision tree classifiers.

(a) (2 points) Describe the simplest top-down tree-building algorithm that selects the decision
rule at a node by maximization of information gain.

(b) (3 points) Discuss advantages and disadvantages of decision trees.



