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Do not open this packet until instructed to do so.

Instructions:
- Enter your Name and Student ID # before you start.

- If the answer is too long, round it to two decimal places. Numerical
answers with a tolerance +0.05 are accepted.

- Any work necessary to arrive at an answer must be shown on the ex-
amination paper. Marks will not be given for final answers that are not
supported by appropriate work.

- Clearly indicate your final answer to each question either by underlining
it or circling it. If multiple answers are shown then no marks will be
awarded.

- Please answer the problems in English.
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1. Let
0.10 0.10 0.10 0.10 0.10 0.10

X = [1.51 1.51 1.51 1.51 1.51 1.51
0.48 0.86 —1.03 0.48 0.86 —1.03

be a data matrix whose rows are the samples.

(a) [2pt] Apply PCA to X. Find the first two principal components
and find the corresponding explained variances.

mod"&/\ %W P = fO_Bél 9.2%, o,y&“, o532, & oF, 0.5€ )
Le’iwowm’rﬁ_ —% ‘)5) = {032, p.§,0.37, 032,905,037 )

wﬂod@[ \e,xf;la'?nwf_ Var i anle _ var, = 443
vy = 0.4

(b) [1pt] Explain why the third éxplained variance is almost zero.

—The +hree pomts 7 X ~QJ/ on 4 Z,A?m 4"@6’7’4 P’4W€

(c) [2pt] Apply MDS to X and reduce its dimension to 2. Plot the three
points in R? to form a triangle. Label each side with its length and

each interior angle with its measure.

MDS preserves i Pﬂ?rw}}e distances Fu;;,‘L/ef‘

J.;;\ the Cose a[{ Otflfﬁmces are (7r‘e§er1/ea’ _
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2. Consider the following dataset and apply the k-means clustering algo-
rithm with £ = 2. Suppose that, at some iteration, the algorithm has
the configuration shown below, where the number above each point rep-
resents its cluster label, and py and py are the current cluster centers.

Oozf{[/
0 171 1 1 i
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(a) [1pt] Describe how to up!iate the center. Draw the new cluster
centers above.

i -}f\j\ =  center o'C' Al I)D'?mb'” (abeled lij j .

(b) [1pt] After updating the cluster centers, describe how to update the
cluster labels. Mark the new cluster labels above.

?Or each Fo‘.‘w}) _ﬂ‘,w( Ju c[o(egf; Center /‘f atd /AM
‘F‘b{’, Po'wa‘ lfj \ j\ ]

3. Apply DBSCAN to the iris dataset with eps=0.3 and min_samples=5.

(a) [Ipt] How many clusters are there in the output? For each cluster,
how many data points does it contain?

Ynew = model ‘f;.;_[,w(.\yfo()
np. Whque (g,nw $, retum_cownts = True )
— (H,0, (,2) Se 3 clusters aud theiv
(96, %7, 12, 5) “

12 are 37 -
(b) [1pt] How many points are labeled as noise?
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This page is supposed to have 5 points in total.
So 1 point will be granted.
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4. [2pt] Let

from sklearn.datasets import load_digits
digits = load_digits()

X = digits.data

y = digits.target

X_train = X[:100]

y_train = y[:100]

and train a k-nearest neighbor classifier with k& = 5, X_train, and
y_train. Let p = X[1008]. For the %k nearest neighbors of p, de-
termine their indices and labels. Then determine the predicition of
the label of p under this setting.

'4)/],1 5 pepvect nhre are }‘041)‘3}('@0( L"j 12 ’ ?7} 74—/ Pf]L/ 52

sl Hheir /41)8/5 ave 2 a{/ 5 3

f?j }Mj“om\{” rwe p 4.}12_ Pygc(ﬁc,ﬁdw 1 X

5. [3pt] Let t be a tree trained by the decision tree algorithm with the
following information.

index 0 1 2 3 4 5 6 i 8

t.children_left 2 -1 4 -1 =] i =1 =4

t.children_right 6 3 =1 -1 -1 8 =1 -1
0

ol

t.feature -2 0 -2 -2 1 -2 =2
t.threshold -0.11 1.256 -2 -2.57T -2 e -1.49 -2 -2
t.n_node_samples 200 86 76 10 2 8 114 22 92
t.impurity 0.5 0.17 O 0.32 0 0 0.31 0 0

(a) [1pt] Draw the tree. @
/

/® X

(b) [2pt] Draw the %artltlo 9 f R? given by the tree.
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6. [5pt] Mathematical essay: Write a few paragraphs to introduce the gra-
dient descent algorithm.

Your score will be based on the following criteria.

e The definition is clear.
* Some sentences are added to explain the definition.

e ixamples or pictures are included to help understanding.

e The sentences are complete.
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7. [extra 2pt] Let A be an m X n real matrix and x € R". Consider the

function

f(A,x) = || Ax|”>
Let a;; be the i, j-entry of A. Determine the gradient of f with resepect

to A:
Valf) = [0?1_):}

C@M—pm e cfirec'ﬁmm,( daroative *
Popre, 30 - T1A,%) e GRS (A% AR

i =
170 t +2 0 =

(.5 AX +BR  AxxtBR > - LAY AR
[
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go %(’Jﬂ} = 9AxX
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[END]
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1 5
2 5
3 5
4 5
5 2
Total | 20 (+2)




