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= following optimization problems:

1. Consider a training data-set of n points for a regression problem. Assume that the

- . . . . (o]
model is linear. Let w; and wy be the optimal weight vectors obtained from solving the \ Yd
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Choose the most appropriate answer.

(a) wy will generalize better than w, on the test data-set. \‘/ ()\‘\)\O =2eY0 -

(b) wq will generalize better than w; on the test data-set.

(c) Both models will show identical performance on the test data-set.

2. Consider kernel regression with the kernel function (z{z4 + 2)? applied on the following

dataset. 6\?[\'«\/‘ [}
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The optimal weight vector w* is given by: @CX\ [O \ ?. :) ? g 6 ?)_—(

w* = ¢(X)[0.1,2,3.9,5,6,8]"
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where ¢ is the transformation mapping corresponding to the given kernel. What will be
the prediction for the data point [0,0,1]7 ?
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3. Consider the following three models for a one-dimensional dataset:

Mode 25 e oofSt  becauce 4

Model 1: y = wyz,
. Model 2: y = wiz, SOVM(CS Lo, 3 LW yweRes o)) e
Model 3: y = w?z, + woxy
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Select all the correct options. Assume that we have access to sufficiently large data .
points. H’C’V\C e o (\)‘(QC\eC}\\"’O/\S ( i'\)"'.‘} LX) \
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(a) There may be some datasets for which model 1 performs better than model 2. Q
__ (b) There may be some datasets for which model 2 performs better than model 1.
(¢) There may be some datasets for which model 3 performs better than model 1. 5 9
— (d) There may be some datasets for which model 3 performs better than model 2/ MQ&‘\ \ @fd \\/\Ql\é\ ?D Qe S l\O(:'
(e) Model 1 and model 3 perform eqally well on all datasets. \ / g luove OP (AJ.‘ 1om \\/\GAP\ f_)) ?Q
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4. Let w be the solution of the linear regression model and w be the projection of w on the
linear subspace spanned by the datapoints. Which of the following relationship is true?

(a) training error for w = training error for w \/

| (b) w=w \/
(c) training error for w # training error for w D /7, -~
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5. Gaussian kernel regression with parameter o? = g was applied to the following dataset
N with two features: ‘/7\
| fto1o0] ’ Pos = %
X = [O 11 0] y=1[21,1,2,1.2]

The weight vector can be written as w = ¢(X )a where ¢ is the transformation mapping
corresponding to the kernel. The vector « is given by [2.1, —2.1, 3, 0]7 which is obtained
as (K) 'y, where K is the kernel matrix. What will be the prediction for point [1,1]" ?
Solution
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The prediction is given by
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The kernel function is given by W(m /\O 30\\,6 M/\?S
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— Now,

k(zy,zest) = k([1,0],[1,1])

| —exp(—(0+1)) =e!
k(za, zwes) = E([0,1],[1,1])

=exp(—(1+40)) =e!
k(zs, ziesr) = k([1,1],[1,1])

] exp(—(0+0)) 1
k(g, Trest) k([0,0], [1,1])

=exp(—(1+41)) =e*

Putting the values in eq (1), we get
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6. Let X be the data matrix of shape (d,n) and y be the corresponding label vector. A
linear regression model of the form § = w”x; is fit using the squared error on the same

dataset. If the solution of w* to the optimization problem is orthogonal to the subspace
spanned by the data points (columns of matrix X'), what will be the squared error?

(a

]

- © > v

(d Insufficient information to answer

o

) 0
(b) 1
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7. Let w*, w9 and w?®g be the weight vectors obtained using analytical, gradient descent,and
—  stochastic gradient descent approaches,respectively, on the same linear regression model.

The following expression holds true for these weight vectors:

*

Jio? = w] < fluw? = w|

The model obtained by the analytical solution gives a training error of 0.5. Which of

the following approaches is more likely to give less training error? Assume that the loss
function is a convex function.

(a) Gradient descent \/

(b) Stochastic gradient descent
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8. Which of the following can NOT be linear regression model?
Options:
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9. A linear regression model trained on a dataset X € R¥*" achieves zero training error

— for any label vector y. Which of the following options will necessarily hold true? Here [
denotes identity matrix of an appropriate size.

(a) XXT =1

T (b) XT(XXT) X =1

)

)
_ (c) (XXT)™' Xy is a vector of all ones.
(d) (XXT)"'Xy is a vector of all zeros.
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10. Is the following statement true or false?

Gradient descent takes more number of iterations to converge to local minima than
stochastic gradient descent.

(a) True

(b) False \/
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1. Consider a linear regression model that was trained on dataset X of shape (d,n). Which

— suming the loss is the square error) 7

of the following techniques could potentially decrease the loss on the training data (as- b
: ) and c) o\‘PWS ceke X0 \f?r\@e and
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Options :
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(a) Adding a dummy feature in the dataset and learning the intercept W, as well. v
N (b) Penalizing the model weights with L2 regularization. O ‘/@ < CO< (o (h(eé )rO M gF _
(c¢) Penalizing the model weights with L1 regularization. \ 7
(d) Training the kernel regression model of degree 2. \/ be( ausp O@ }\ “ ¢S] [ , _

2. Which of the following statements is/are true regarding solution of Ridge regression

__ problem? Qdoe  eovescion  egpaRRon 1
N Q w
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(a) If there are multiple w solutions for minimizing mean square error, then wy will be d ' U

the one with least norm. Vv~

(b) If there are multiple w solutions for minimizing mean square error, then wy will be

(
. . h
the one with highest norm. /YV\(:‘ \/\?R\/\‘;'( )A/\Q (»9((3‘/\”\’ QKO\)(“((C—S OG ( )9
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(¢) Prior for w is N(0,72I) and y;|z; ~ N(w”z;,02)\V"
(d) Prior for w is N(1,4%I) and y;|z; ~ N(0,0?) Y\,\e \/\‘(Q\/\(’,‘[ (\,\/\Q_ wof v _
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3. Consider a ridge regression model with the loss L(w) = || XTw — yH + A||w||” is trained

on a given dataset with A = 0.1,0, 1, 10, 100. Which of the value of A is more likely to
underfit the model?
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4. Consider that the three weight vectors w;, wy and ws are learned for a six-dimensional
dataset using a linear regression regularized linear regression model (Not in any particular

——  order).

w, = [0.5,0,0.25,0,0, —0.14]

wy = [0.8,—0.23,0.45,0.2,0.31, —0.54]
ws = [0.24, —0.03,0.1,0.02, 0.09, —0.14]

Select the most appropriate match for these weight vectors.
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5. Consider the following dataset:

X =[-3,5,

WMLE
Here 044c and wasrr are the Ridge and MLE estimates of the weight vectors, respec-

tively.

Options:

(a) 2

— (b) 1

(c) 0.666

—  (d) 0.5

(e) 0.25

4]

y = [—10, 20, 20]

. . _ . Wridge
Assuming a ridge penalty A = 50, what will be the value of —/~< ?

1= 12,54
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6. For a data set with 5000 data points and 500 features, I divide my dataset into training

¢ i art wher < 25% 7 data as test data and rest as traini ata, N\ § \
and testing part where I took 25% of my data as test data and rest as training data /\/{O\'?\V\i\/q, &‘ c ?O:V\)‘S — XCS* 499‘0(\)0(\4&‘5

— I started training model on training data, how many models will be trained during
Leave-One-Out cross-validation?

= 5000 — S000LSvL

—  (a) 500
(b) 5000 2> 23co
 (0) 1250 —
(d) 3750

» Leave-One-Out Cross Validation: The model is trained using all but one sample in the training
— set, and the left-out sample is used for validation. This process is repeated for each sample

in the dataset. The optimal A is determined based on the average error across all iterations.

7. In Ridge regression, as the regularization parameter increases, do the regression coeffi-
cients decrease?

N (a) True \/

(b) False

8. Statement 1: The cost function is altered by adding a penalty equivalent to the square

of the magnitude of the coefficients SMCVV‘ (_w'\’ \ e
Statement 2: Ridge and Lasso regression are some of the simple techniques to reduce
model complexity and prevent overfitting which may result from simple linear regression. )\l I \
N lwll ¢ hat e uwe to

a) Statement 1 is true and statement 2 is false oé(\_ {\XMVQ\X‘(-‘ \-O 38\/\6 (P&*‘ '?\,(V\C Aon

(
(b) Statement 1 is False and statement 2 is true
(

2 s
c) Both statement (1 and 2) is true \/ hQ S?\N\‘\D\e ol (egXTERON.

(d) Both Statement (1 and 2) is wrong
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9. Which of the following cross validation versions may not be suitable for very large

| datasets with hundreds of thousands of samples? In \@\\re —oNne —OuT (s S
| (a) k-fold cross-validation VR Ak ’ A oue drandig
p—— rrccvalidatinn o
(b) Leave-one-out cross-validation dodavex 2 \o«\a - , e e
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10. When most of the features are redundant, then
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= (a) Ridge regression will choose those features that have the highest weight.

I P A1 ehoos e features that have t ast weight \V/
(b) Ridge regression will choose those features that have the least weight. «C\?q Ye§ Sf o oo (,\/0 osel M \ €0§'>V (’qu\’\,\(s‘
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1. What would be the best value for k to be used in KNN algorithm based on the graph
given below?
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k-Values
Options :
(a) 4
(b) 5
@9V
(d) 12
2. Consider a KNN classifier for a binary classification problem with k = 3. A test-point

at (0, 0) has to be classified using this model. The training-dataset is as follows:

e The three negative class data-points are fixed and occupy three vertices of the
diamond.

e The three positive class data-points can be anywhere on the edges of the diamond
except the vertices

Based on the above data, answer the given sub-questions.

¢ 0,1
(0,1) + Positive class
O Negative class
» +
o *
(=1,0) (0,0) (1,0)
+
0,-1)
o(

(i) If the Manhattan distance metric is used, what is the predicted label of the test-
point?
(a) Positive class
(b) Negative class
(c) It could be either of the two classes. An exact decision requires information
about how to break ties.
(ii) If the Euclidean distance metric is used, what is the predicted label of the test-
point?
(a) Positive class \/
(b) Negative class
(¢) It could be either of the two classes. An exact decision requires information
about how to break ties.
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3. A decision stump is a decision tree that has exactly one question at the parent node
(root) which then splits into two prediction nodes (leaves):
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left-child right-child
Consider a decision stump for a binary classification problem that has 500 data points
at the parent node, out of which 200 data points go into the left child. The number of
— data points that belong to class 1 in the parent node is 300. The number of data points
that belong to class 1 in the left child is 50. The labels are in {1, 0}.

Note for calculations: Use log, for all calculations that involve logarithms. For all
questions, enter your answer correct to three decimal places. Use three decimal places
— even while calculating intermediate quantities.

(i) What is the label assigned to the left child? Enter 1 or 0 . O

)
(ii) What is the entropy of the parent?
)

(iii) What is the entropy of the left child?
(iv) What is the entropy of the right child?
(v) What is the information gain corresponding to the question at the parent node?
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4. Consider a training dataset for a binary classification problem in R?. Two decision trees
are trained on the same dataset. The decision regions obtained are plotted for both the

N trees:
/ﬁ/\’\s d<ee S
_| Tree-1 Tree-2 k. O\IQ(R)(\G'E
0 i 0
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_| o|® ° I °
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Which of these two trees is likely to perform better on test data.

(a) Tree 1
(b) Tree 2

5. Suppose we have a binary classification dataset with 1000 data points, consisting of 600
points belonging to class 0 and 400 points belonging to class 1. If we use a k-nearest

neighbor model with £=900 to predict the class labels of the data points,how many data
points will be classified correctly?  60©
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6. The dataset at node @ has 1000 points. After asking the question @ it splits into two
parts, 250 in node L and 750 in node R.

| 0 §= 900 _ N - ©af
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L R

What is the value of 47 + is the cardinality of L divided by cardinality of Q7




. Consider the following statements:
S1: The impurity of a node is influenced by its ancestors.

S2: The impurity of a node is influenced by its descendants.

(a) Only S1 is true \/

(b) Only S2 is true

(¢) Both S1 and S2 are true
(

Neither S1 nor S2 are true

)
d)

. Which of the following statements about Decision Trees is true?

a) They are only applicable to classification tasks.

¢) They are less prone to overfitting compared to other models.

(a)
(b) They can handle both categorical and numerical foaturos\/
(c)
(d)

They are robust to outliers in the training data.




