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3. Given the Bayesian netvork shown below, computer the folowing probabiles. (30 points)

P(® = bad) = 0.1 P(F = empty) = 0.2

P(G = empty | B = good, F = not empty) = 0.1
P(G = empty | B = good, mpty) = 0.8

P(G =empty | B = bad, F = not empty) = 0.2
P(G = empty | B = bad, F = empty) = 0.9

P(S =no | B = good, F = not empty) = 0.1
= P(8=no|B=good, F = empty) = 0.8

P(S=no B =bad, smpty) = 0.

P(S=no B =bad, mpty) = 1.0
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(Hint: marginalize botn Battery and Fue)
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4. Complex models have high chances of overfting. One approach to avoid such complex
models is o select a model based on generalzation error, which combines training error and
‘complexity penalty. Explain how this appiies to decision tree selection showing examples. What
defines decision tree complexity?

In additon, what defines mode! complexity for Arifcial Neural Network (ANN)? In other words,
wihat are model parameters in ANN? What kind of hyper-parameters exist for ANN? (30 points)
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1. The goal ofthis problemis to practice manually Naive Bayes Classifier wih the help of R. (60

points)

Doynload the attached file workers csv in your‘Documents' folder of your computer and do
the following steps in R_ The codes randormly select 20 samples from the fle and save them
a5 ‘my_viorkers_ You need to submit ‘my_workers.csv’ to Blackboard later for grading.

workers = read. csv( workers.csv")
select = sample(l:nrow(vorkers),20)
my_workers = workers [select,]
write.csv(ny_workers, "my_workers.csv"

row. names=FALSE)

(@) Estimate the following probabiltes from your data ‘my_workers’

- P(Gender=M)

- P(Smoke=Yes|Gender=M)
- P(Smoke=No|Gender=M)
- P(Blood=AlGender=M)
- P(Blood=8|Gender=M)
- P(Blood=0/Gender=M)
- P(Gender=F)

- P(Smoke=Yes|Gender=F)
- P(Smoke=NolGender=F)
- P(Blood=A|Gender=F)
- P(Blood=B|Gender=F)
- P(Blood=0/Gender=F)

(b) Estimate the same probabilties questioned in (2) again using Laplace estimate.
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(c) Estimate the following values. Use R.
- Mean value of male heights
- Standard Deviation of male group heights
- Mean value of female heights
- Standard Deviation of female heights.

(@) Estimate the following conditional probabilies sing normal (also known as Gaussian)
distribution. Use a R function ‘pnor (Search the Intemet for the usage). You need.
mean values and standard deviations you got in (c) as arguments of ‘pnorm”

- P(Height=160/Gender=)
- P(Height=185|Gender=)
- P(Height=160|Gender=F)
- P(Height=185|Gender=F)

(#) Predict the gender for a test sample (Smoke=Yes, Blood=A, Height=170) using Naive
Bayes approach and Laplace estimate. Show your work
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2.Inthis problem, you are going to show how Bagging (one of ensemble techniques) works
manually. Consider the 2-dimensional data set shown in the table below and ansvier the
following questions. Show your work_(40 points)

Original Data

x| 2 2 2 4 4 4 6 6 6

2 [ 10 [ 20 [ 3 [ w0220 [ [0]2]a2wn

y [ 4| 1 ER 1 1 1 1

(@) Sample 9 observations randomly with replacement using R buif-n function ‘sample’
Repeat that sampling 5 times and show the output.

‘Example of sampling 5 times from the original data set

I X2 YKL xZ y XL x2 y XL x2 y|[x <2 y
410-1]630 1|f630 1430 1| 420-1
620 111430 1]/230 1|/ 210-1|| 410-1
230 1230 1230 1 420-1|| 410 -1
410-111410-1]/610 1| 220-1|| 620 1
220-1410-1(430 1430 1|610 1
2201630 1220-1)230 1f 410 -1
430 111230 1620 1 2201|610 1
630 111420 -1(210 -1 220-1| 420 -1
2201|610 12201 610 1] 220 -1
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(b) For each round of sampling you got from (a), buid a decision tree with one node
based on entropy.  is selected between x1 and x2 based on entropy.

~ Decision rule:  x < k versus x > k
~ Split point k is chosen based on entropy

‘example of a decision tree

For each possible splt, find the rule and calculate weighted entropy after spit. And

select the best decision rule based on the entropy.

Note that four spits are enough - two (3 or 5) by x1 and twio (15 or 25) by x2.
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Example of answer with 1 round of sampiing)

‘Ordering each round of sample once by x1, once  x2 would be helpiulto check the spit
points

xz y] [[Ax vy
230 1 410 -1
220 -1 410 -1
220 1 620 1
220 1 220 -1
410 1 220 -1
410 -1 220 -1
430 1 230 1
620 1 430 1
630 1 630 1
Orderbyxi  Orderbyx2  Ofthe same Round 1 samples
xl<=3_y=1x=3-y=1

weighted_entropy = 413 * entropy(3/4,1/4) + 5/ * entropy(2/5,3/5) = 0.90
xi<=5_y=-1x1>5_y=1

‘weighted_entropy = 719 * entropy(217.5/7) + 219 0 = 0.67
x2<=15_y=-1,2> 152y=1

weighted_entropy = 219" 0 + 719 * entropy(417, 7) = 077

X2<=25—y =1, x2> 25 =y = 1 — Best decision rule
‘weighted_entropy = 6/9 * entropy(5/6,1/6) + 3/9 * 0 =043 — Lowest
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Tip: Use R function for entropy of a group.
entropy_prob - functionCo(
| SnGcTona/

entropy_prob(c(s/6,1/6))
1 0.6500224

(¢) Ciassify the original data using majority vote from those decision rees.




