Question 1 JWA

* [4 points] Suppose the w is used to do stochastic gradient descent for logistic regression, i.e D C_
1 n 1 _

C=— Z (a; — @here a; = —— . Given the current weight w = 0.41 and bias b = 0.38 with z; = W - w = 0( D w
2 14 e—wzi—b —

i=1 — )
0.32, y; = I, a; = 083 (no need to recompute this viJue), with leaming rate a = 0.68. What is the updated weight = 0. (’.) o 0 ér
\ .

after the iteration? ﬁer a single number

* Answer. | | | Calculate | LZ_Q[A 9 _J DQ - (0“ \j ) 0‘ (, a: )
Question 2 —
the likelihood probabilities of observing "a", "0", "c" in a real movie script is { (0 6} - I) 0. 6} (' 0. 6}) a

[0.14 0.13 0.11]\and the likelihood probabilities of obseNTrTg"';_o__c. in a fake movie script is
[0.13 0.11 0.14] |Given the prior probabilities, 0.67 of the scripts are real. How would a Naive Bayes classifier

Classify a scrip oc"? Enter 1 if it is classified $&¥al, and enter —1 if it is classified as fake, and enter 0 if it's 9 (Z )r / (\ - (,2
a tie (equally likefy o be real an(hake) z j )>

* Answer. | | | Calculate |

Quertlon3 Pk& 0 6-‘ 0. ((,L - 0, ,5 0. ”
* [3 points] In one iteration of the Perceptron Algorithm, = = [—2 4 y = 1, and predicted labe
y = a=0 _The leamning rate a = 1 After the iteration, how many of the weights (include bias b) are increased ”

cheffige is strictly larger than 0). If it is impossible to figure out given the information, enter -1

* Answer | Zr‘, \ | [ Calculate | F g p) o o } 0. \31 O”Z . o,jj
0 | v (.9..(, (oSN [3 0.67 + 5‘030'”'
W= w- & (é_&>>( — “D ,3(15 +2L30[\
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Question 1
Pr

* [3 points] Suppose the vocabulary is the alphabet plus space (26 letters + 1 space character), what is the

—
(maximum likelihood) estimated tnigram probability P {a|z, y} with Laplace smoothing (add-1 smoothing) if the

seguence , y never appeared in the fraining set. The training set has| 500 tokeng in total. Entecé if more O B ; 1 A } ‘{- ,

information Is required to estimate this probability. /| I
* Answer: 0/ o~ | | Calculate |
27 \ o 8 'Y 3+ >
Question 2 7
* [3 points] Suppose the cumulative distnbution function (CDF) of arandom variable X € {0,1,2,...}1is ‘
given in the following table. What is the probability that g_ls observed. ’2_7’
|p{x < 0} HIP‘ (x<o0p [P{x<1} “P’{X <2} [P{Xx<3} HIP’ (X <4}
0 [0.15 [0.29 __¢0.5 0.76 i1 |
—
«Answer:| A 2. . | calculate |
2 PiXx¢ )= prixe (| £ pix=23
Question 3 o.\ - B 0§

" is repeated infinite

to 2 (without

* [3 points] Given an infinite state sequence where the pattern "[

number of time. What is the (maximum likelihood) estimated trarfRtion probability from' state

smoothing)? l L‘
* Answer: | Calculate - p" S
y S | Calculate | ?r Y b \ 2 3 /V":‘S'TS
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Question 8

* [3 points] Perform k-means clustering op.sixpaigts: 1 = (3], z2 = 4], 3 = [10], z4 = [-3], 5 = [—4], z6 =
[—8]. Initially the cluster centers are atél =[-8, )2 = [—1]. Run k-means for one iteration (assign the points,
update center once and reassign the poifftS once). Break ties in distances by putting the point in the cluster with the

smaller index (i.e. favor cluster 1). What is the reduction in total distortion? Use Euclidean distance a‘nd calculate
the total distortion by summing the squares of the individual distances to the center.

— _ - L&h—&!—ké
. NOX the red points are the cluster centers and the other points are the training items. ’
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Question 9
* [3 points] Consider the 1D data set: x; = % for 7 = 4 to 29. To select good initial centers for k-means where k = 6,

let's set ¢; = 12. Then select c; from the unusedﬁints in the data set,\so that it is farthest from any already- =
selected centers c1,...,c;-1 (i.e. ¢; = argmax, min {d (c1,z:),d (c2,Z:),...,d(cj-1,2:)}). Enter the initial

centers (including ¢;) in increasing order (from the smallest to the largest). In case of ties, select the smaller

-

number.
» Hint

* Answer (comma separated vector): | ! Q
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Question 10

™« [4 points] Suppose K-Means with K = 2 is used to cluster the dataset[-4 —3 3 4 10] and initial cluster
centers are ¢; = 12 and ¢3 = z. What is the smallest value of z if cluster 1 has n = 1 points initially (before

updating the cluster centers). Break ties by assigning the point to clusteai > ,\

A *l

l * Note: the red points are the cluster centers and the other points are the training items.

-’:ni;t/ver:[ — |.| calculate | 4 S'lﬂ\‘u Lﬂ- CLU A ;(
Hom 12 =
W
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C,= ¢ &— o= (2




Question 4

* [4 points] Perform hierarchical clustering wnkage in one-dimensional space on the following points: —
[—10], [-5], [2], [3], [9], [10]. Break ties in distances by first combining the instances with the smallest index !.Q_ -\ (7- ' }) L | -l
(appears earliest in the list). Draw the cluster tree g " l\d

*» Note: the node C, should be the first cluster formed, Cy should be the second and so on. All edges to point to the -— 8
instances (or other clusters) that belong to the cluster
» Hint

» Answer:

~w -5 > 3 9 o
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[ Pen | [ Eraser | [ Clear
» Note: to use the eraser, drag it from one node to another to remove the (directed) edge in between C ,S'
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Question 5

* 4 points] Perform hierarchical clusterning with complete linkage in one-dimensional space on the following points:
[—7], [—2], [1], [4], [7], [10]. Break ties in distances by first combining the instances with the smallest index
(appears earliest in the list). Draw the cluster tree

* Note: the node '} should be the first cluster formed, €'y should be the second and so on. All edges to point to the
instances (or other clusters) that belong to the cluster
» Hint

* Answer
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*» Note: to use the eraser, drag it from one node to another to remove the (directed) edge in between
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Question 6

* [4 points] You are given the distance table. Consider the next iteration of hierarchical clustering usmg
linkage. What will the new values be in the resulting distance table corresponding to the three new clusters? If you &
merge two columns (rows), put the new distances in the column (row) with the smaller index. For example, if you

merge columns 2 and 4, the new column 2 should contain the new distances and column 4 should be removed, 1.e

the columns and rows should be in the order (1), (2 and 4), (3).
(o GRS

d3 |27 88 0 p6]73
4|11 44 26 o0 (22

s 17 13 22 0 (\' ap
Hmt, 'Y gq C 2

* Answer (matrix with multiple lines, each line is a comma separated vec
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