20W-COMSCIM146 midterm

SENYANG JIANG

TOTAL POINTS

79 /80

QUESTION 1

true/fasle 18 pts

1112/2
- 2 pts InCorrect
v - 0 pts Correct

1.222/2
v - 0 pts Correct

- 2 pts Incorrect

1.332/2
v - 0 pts Correct

- 2 pts Incorrect

1442/2
v - 0 pts Correct

- 0 pts Incorrect but all are given points

155272
v - 0 pts Correct

- 2 pts Incorrect

1.662/2
v - 0 pts Correct

- 2 pts Incorrect

177 2/2
v - 0 pts Correct

- 2 pts Incorrect

1.882/2
v - 0 pts Correct

- 2 pts Incorrect

1992/2

v - 0 pts Correct

- 2 pts Incorrect

QUESTION 2
multiple choice 238 pts

2110 4/4
v - 0 pts Correct
-1 pts (a) is not selected
-1 pts (c) is not selected
-1 pts (d) is not selected
(b)

-1 pts (b) is selected
2214/4
v - 0 pts Correct
-1 pts a is selected
-1 pts b is NOT selected
-1 pts c is selected

-1 pts d is selected

23123/4
- 0 pts Correct
v -1 pts a) is not selected
-1 pts b) is not selected
-1pts ¢) is selected

-1 pts d is not selected

2413 4/4
v - 0 pts Correct
-1 pts a) is true
-1 pts b) is true
-1 pts c is false

-1pts dis true

2514 4/4
v - 0 pts Correct



-1 pts a) is false
-1pts bis true
-1pts cis false
-1pts d is true

26154/4
v - 0 pts Correct
-1 pts a is not selected
-1 pts b is not selected
-1 pts c is selected

-1 pts d is selected

2716 4/4
v - 0 pts Correct
-1pts ais true
-1 pts b is false
-1pts cis false
-1 pts d is false

QUESTION 3
decision tree 13 pts

31a2/2
v - 0 pts Correct
- 0.5 pts correct expression. should use the
provided identities for final answer.
- 2 pts wrong
- 1 pts partially correct

32bs/5
v - 0 pts Correct
- 2 pts incorrect H(YIX1=1)
- 2 pts incorrect H(YIX1=0)
- 1 pts correct (form of) H(YI1X1=0), H(YIX1=1), wrong
(form of) H(YIX1)

- 1 pts wrong/missing IG(information gain)

33C5/5
v - 0 pts Correct
- 1 pts missing IG
- 2 pts wrong H[yIx2=0]
- 2 pts wrong H[yIx2=1]

- 1 pts correct H[ylx2=1], correct H[ylx2=0], wrong
Hlylx2]
- 1 pts wrong form of H[ylIx]

3.4d1/1
v - 0 pts Correct

-1 pts wrong

QUESTION 4
MLE s pts

41a3/3
v - 0 pts Correct
- 2 pts Click here to replace this description.
- 1 pts Click here to replace this description.

- 3 pts Click here to replace this description.

42b3/3
v - 0 pts Correct
- 1 pts Click here to replace this description.
- 2 pts Click here to replace this description.

- 3 pts Click here to replace this description.

43C2/2
v - 0 pts Correct
- 1 pts Click here to replace this description.

- 2 pts Click here to replace this description.

QUESTION 5
logistic regression 12 pts

51a2/2
v - 0 pts Correct
- 2 pts The answer is not correct.
- 1 pts Your expression is correct, but your result of

C is not correct.

52b5/5
v - 0 pts Correct

- 5 pts Wrong answer

53C2/2



v - 0 pts Correct

- 2 pts wrong answer

-1 pts Your answer is partially correct (you know the
answer should be the sum of the answer you get for
(b))

- 0.5 pts C varies for different n, so you cannot get
N log C or C*N

54d3/3
v - 0 pts Correct
- 3 pts Wrong answer
- 2 pts You did not show the equivalence.
- 1 pts Your result of I(theta) is not correct.

- 1 pts your answers are partially correct.

QUESTION 6

6 name 1/1
v - 0 pts Correct
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CM146: Introduction to Machine Learning Winter 2020
Midterm

Feb. 10", 2020

e Please do not open the exam unless you are instructed to do so.
e This is a closed book and'closed notes exam.

e Everything you need in order to solve the problems is supplied in the body of this
exam OR in a cheatsheet at the end of the exam.

e Mark your answers ON THE EXAM ITSELF. If you make a mess, clearly indicate
your final answer (box it).

e For true/false questions, CIRCLE True OR False and provide a brief justification for
full credit. o

e Unless otherwise instructed, for multiple-choice questions, CIRCLE ALL CORRECT
CHOICES (in some cases, there may be more than one) and provide a brief justification
if the question asks for one.

e If you think something about a question is open to interpretation, feel free to ask the
instructor or make a note on the exam.

e If you run out of room for your answer in the space provided, please use the blank
pages at the end of the exam and indicate clearly that you’ve done so.

e Do NOT put answers on the back of any page of the exam.

e You may use scratch paper if needed (provided at the end of the exam).

e You have 1 hour 45 minutes. |

e Besides havihg the correct answer, being concise and clear is very impor-

tant. For full credit, you must show your work and explain your answers.

Good Luck!

Legibly write your name and UID in the space provided below to earn 2 points.

Name: \)\‘O‘fj S\efw\x,jmj
UID: 5oV migef




Name and UID /1
True/False /18
Multiple choice /28
‘Decision tree /13
Maximum likelihood /8
Logistic regression /12
[Total | /80 |



True/False (18 pts)

1. (2 pts) We are using linear regression to predict height from weight and age. The
optimal value of the residual sum of squares (RSS) will change if we measure weight
in pounds instead of k kﬂograms for each instance.
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2. (2 pts) On a dataset that is not linearly separable, the 1-nearest neighbors classifier
obtains zero training error. :
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3. (2 pts) As the number of training examples grows toward infinity, the probablhty that
logistic regression will over-fit the training data goes to zero.
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4. (2 pts) The K-nearest neighbor algorithm often uses Euclidean distance as the default

distance metric: d(z;, ;) = ||@; —x;||2. Suppose we instead use a new distance metric:
d(x;, ;) = ||&;— x;||;. The classification results will change as a result of this distance
metric.
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5. (2 pts) The training error of the perceptron never increases with each iteration of the
perceptron algorithm.
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6. (2 pts) The value of = at which f(z) attains its maximum is the same as the value of
z at which ef(®) attains its maximum.
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2 pts) You compute z* = argmin, f(z) and find that z* = —oo. f(z) is not convex.
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8. (2 pts) A decision tree learned with MaxDepth parameter set to oo always' attains
zero training error.
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9. (2pts) Stochastic Gradient Descent is faster per iteration than Batch Gradient Descent.
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Multiple choice (28 pts)

CIRCLE ALL CORRECT CHOICES (in some cases, there may be more than one)

10. (4 pts) What strategy can help reduce over-fitting in decision trees.

( ) JPruning

(b) Make sure it achieves zero training error
(¢)) Adding more training data
(d)) Enforce a maximum depth for the tree

11. (4 pts) Consider the following data set: Circle the classifiers that will achieve zero
training error on this data set.

o +
+ O

(a) Logistic regression
@Depth—Z ID3 decision trees
(c) Perceptron

(d) 3NN classifier

12. (4 pts) Which of the following are true about linear regression?

(a) Its cost function is aways convex
@Its cost function is aways convex after adding [, regularization.
(c) The cost function always has a unique minimum.

(@ The cost function always has a unique minimum after adding [, regularization.



13. (4 pts) Consider a logistic regression model to predict if a yelp review is _positive or

not (y = 1 means the review is positive) based on two features: T; an and Tg. T is the
niimber of times the word “great” ‘appears and zo is the number of 1 tlmes the word-
“not” appears. The loglstlc regression model P(y = 1|z;8) = (0o + 0171 + 923:2) with

0 = (6o, 6,0,) = (2,1,—2). Which of the following is true 7

@ The decision boundary is given by the line z; — 2%y +2 =0

@ If the word “great” appears more often (assuming everything else about the review
is the same), probability that the review is classified as positive becomes closer

to 1.
(c) If the word “not” appears more often (assuming everything else about the review
is the same), probability that the review is classified as positive becomes closer

to 1.

If the review contains neither the word “great” nor the word “not”, it will be
classified as positive.

14. (4 pts) Which of the following is true of the Perceptron learning algorithm 7
(a) If the algorithm does not coverge within 100 iterations, the data is not linearly
_ separable.
@D If the algorithm coverges within 100 iterations, the data is linearly separable.
(c) If the data is linearly separable, it will coverge within 100 iterations.

@If the data is linearly separable, it may not converge in 100 iterations but may
converge in 200 iterations. :

15. The entropy of a distribution over a set of 3 items with probability mass function p is
defined as — 3.>_, p(k) log, p(k). Which of the following distributions has thel !owe
entropy?




16. (4 pts) Given the same training data consisting of IV instances {(a:n,yn)}n_l where
z, € R, vy, € R, we fit two models: hi(z) = fo-+0,7 and ho(z) = 0o+012+0,2%. For each
model, we estimate its parameters by minimizing the residual sum of squares (RSS).
Let RSS,, denote the minimum value of the residual sum of squares cost function
evaluated on the trainin for model m (m € {1,2}). Which of the following is

always true ?

@ RSS; > RSS;
(b) RSS; < RSS;
(C) RSSl RSSQ

(d) RSS; can sometimes be greater and sometimes lesser than RSS,.



Decision Tree (13 pts)

Suppose you want to build a decision tree for a problem. In the dataset, there-are-two

classes (i.e., Y can take one of two possible values), with 60 examp_l,@w in the + class
and 30 examples in the — class Recall that the information gain for target label Y’
and feature X is defined as Gain = H[Y] — H[Y|X], where H[Y]| = —Ellog, P(Y))] is
the entropy. See cheatsheet at the end of this exam for entropy values.

(a) (2 pts) What is the entropy of the class variable Y7

plyh: 5 P73

HOTr1= B(5) = Bly)= 212



(b) (5 pts) For this data, we are interested in computing the information gain
of a binary feature X;. In the + class, the number of instances that have
X; = 0 and X; = 1 respectively: (30,30). In the — class, these numbers are:
(0,30). Write down conditional entropy and information gain of X; relative to Y?
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(c) (5 pts) We are interested in computing the information gain of a binary feature
X,. In the + class, the number of instances that have Xp = 0 and X3 = 1
respectively are: (40,20). In the — class, these numbers are: (20,10). Write

down conditional entropy and information gain of X relative to Y'?
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(d) (1 pts) Using information gain, which attribute will the ID3 decision tree learning
algorithm choose as the root?

We Ky a3 the Yot
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Maximum Likelihood (8 pts)

Let Xi,..., Xy be i.i.d. random variables where X,, ~ Ezp(\),n € {1,...,N}. The
" probability density function for X ~ Ezp(}) is:

Ae e ifz>0
p(zA) = {0, ifz <0
(a) (3 pts) Give an expression for the log likelihood I()) as a function of A given this
specific dataset. You may assume all values, X;,..., Xy > 0.

LX)~ 2%%@ P(X,=tni M)
Nz

N
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(b) (3 pts) Compute the derivative of the log likelihood for this specific dataset.

Al it .
d:}\ ) - n=y j(m ‘#’ 2

(c) (2 pts) What is the maximum likelihood estimate X of \?

N N
_ = *p & —x 7O
n=l
A N
>\" %%m
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- Alternative to logistic regression (12 pts)

In class, we discussed the loglstlc regression model for binary classification problem.
Here, we consider an alternative model. We have a training set {(a:n,yn)}N , where
z, € RPH! and y, € {0,1}. Like in logistic regression, we will construct a probabilistic
mf?ﬁ the probability that v, belongs to class 0 or 1, given x, and the model
parameters, 8y and 8, (6o, 0; € RPT1). More specifically, we model the target y, as:

p(yn i_Q]wn,Go,Ql) = Ceeonvn
P (Yn = 1xn;60,01) = Ceblon (1)

(a) (2 pts) Find the value of C that makes Equation 1 a valid probability distribution
for y,.
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(b) (5 pts) Write the log likelihoad of the parameters for a single instance (Zn,yn):
1(69,601) = log p(yn|@y; Oo,01). Express your answer in terms of yn,x,, 6o, 6.
(Hint: use the notation in class where for a Bernoulli random variable Y;, that
takes values 1 with probability # and 0 with probablhty 1 — 6, we can write its
probability mass function: p(y,) = %(1 — ) 7¥).
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(c) (2 pts) Write the log likelihood of the parameters LL(60g, 0;) for the full training
data. -

N
(4 (60,00 = 2 Libs,
fé\iifj\{@ﬁ @w‘;é 5‘%‘ 0 93} } {ewgiy}f}ih\)
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(d) (3 pts) Recall that in logistic regression, we model the target y, as :
p(yp =0|xs;0) = 1— a(GTwQ
Pl = Lig0) = ‘U(BT:BQ

is the sigmoid function. Show that our new model (Equation 1)
6.

Here o(z) = l+e +
is exactly the same as the loglstlc Tregression model with 6 = 6; —
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Identities

Probability density /mass functions for some distributions.

1 (@~ p)”
Normal : P(z;p,0%) = S exp (— 572

K
Multinomial : P(z;w) = H U
k=1

x is a length K vector with exactly one entry equal to 1

and all other entries equal to 0
A” exp(—A)

Poisson : P(z;\) = -

Matrix calculus

Here x € R",b € R", A € R™". A is symmetric.

Vet Az =24z, Vb 'z =1b

Entropy

The entropy H(X) of a Bernoulli random variable X ~ Bernoulli(p) for different values of
D: . ’

p | H(X)
211

2

3 10.92
11081
£10.73
21097
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You may use this page for scratch space.
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You may use this page for scratch space.
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