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Instructions:

* Write your answers in the question paper itself. Be brief and precise. Answer all questions.

* Write the answers only in the respective spaces provided. The last three blank pages may be
used for rough work or leftover answers.

* In case you may need more space/pages, please ask for additional sheets in the exam hall and
attach the same with this booklet while submitting.

* If you use any algorithm / result / formula covered in the class, just mention it, do not elabo-
rate (unless the same thing has been explicitly asked to answer in the question).
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Q1.

[ Recursive Formulation and Algorithm Complexity ]
Consider an n X n 2-dimensional array called A, consisting of only Os and 1s, where every row (from

left to right) and every column (from top to bottom) have a sequence of Os followed by a sequence of
Is. Some rows or columns may have only Os and some rows or columns may have only 1s. However,
in no case will we have a row or a column where a 0 follows a 1. You are to find the total number of
Is in the array A using an efficient algorithm. For this, answer the following questions.

(a) Present a recursive algorithm (using pseudo-code) to solve the problem efficiently. Clearly de-
fine the arguments of the recursive function, and explain them. Highlight the base and recursive
portions of your algorithm with proper comments. Clearly indicate the return value.

Solution:

To be given.
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(b) Show the working of your algorithm on the following example of a 5 x 5 array of elements. A

00 0O00O0
000 01
001 11
11111
11111
Solution:
To be given.
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(c) Present (with a brief justification) the asymptotic time and space complexity of your algorithm. (2+2)
Solution:
To be given.
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Q2. [ Dynamic Programming ]

Consider the problem of finding the Longest Common Subsequence (LCS) from three lists, namely
Ly, L, and L3, where each list represents a sequence of characters. For this, answer the following
questions.

(a) Present an example to show that solving the LCS of 3 lists cannot be guaranteed by finding the
LCS of any 2 lists first and then using that result with the third list to get the final solution. 4

Solution:
To be given.
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(b) Present the recursive formulation to solve the LCS of 3 lists. Explain the steps with comments. (4)
Solution:
To be given.
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(c) Convert the solution to a top-down dynamic programming algorithm (using memoization) and
explain the algorithm with comments. Analyze its time and space complexity. 4+2)

Solution:
To be given.
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(d) Show the working of your proposed algorithm on an example of your choice with each list
having at least 5 characters. )

Solution:
To be given.
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Q3.

[ Naive Bayes Classifier ]

A dataset of 6 students containing 4 attributes | Course | Attend | Study | Marks || Placed
and 1 outcome, Placed (P), is shown on right. Type Class | Hours (%) (Y/N)
Note that, P(P = Yes) = P(P = No) = 1. Here, | Theory | Average 5 74 No
Course-Type (C) and Attend-Class (A) are | Theory Low 10 70 No
discrete attributes, whereas Study-Hours (S) and | Theory | High 8 92 Yes
Marks (M) are continuous attributes. Assume that Lab Average 9 83 Yes
all continuous attributes follow normal (gaussian) Lab High 12 66 No
distribution having probability density function, Lab Low 16 ]7 Yes

_ew? . }
p(x)=—1—-.¢ 2, where u and o are the mean and standard deviation. Accordingly, the mean and
oV2irn

variance of a set of n i.i.d. samples, x1,x2,...,x, ~ p(x) can be computed (respectively) as follows:
n

I ¢ . 21 2
[ mean | u:;;xi and [variance| o© :;Z(x[—,u)

i=1

Your task is to predict whether two new students, having the following attribute values, will be placed.
X; : (Course-Type = Theory, Attend-Class = Average, Study-Hours =6, Marks =75)
X, : (Course-Type = Lab, Attend-Class = Low, Study-Hours =19, Marks =282)

Applying (Gaussian) Naive Bayes method, answer every step of computation as asked below.

(a) Compute the required conditional probabilities of the discrete attributes given the outcome. 2)
Solution:
1 1
P(C =Theory | P=Yes) = 3 P(A=Low|P=Yes) = 3
2 1
P(C =Theory | P=No) = 3 P(A=Low|P=No) = 3
2 1
P(C=Lab|P=Yes) = 3 P(A = Average | P=Yes) = 3
1 1
P(C=Lab|P=No) = 3 P(A = Average | P=No) = 3
(b) Compute the required mean and variance for the continuous attributes given the outcome. 2)
Solution:
i 8+9+16 11
= — = 324 (_2)2 2
5| p=ves 3 Sylpyes = \/( it 32) 0P | Viz67~3.55%
_ 5+10+12 9 . . .
'LLS}P:NO - 3 ~ 6S|P:NU _ \/(_4) + (31) + (3) ~ \/ﬁ ~2.944
92 483487
_ ~ 4.67)% + (—4.33)2+ (—0.33)2
Hotlpoves = 3 87.33 ulpres = \/( il . P+ (033 | /1356~ 3.682
74470+ 66 2 2 (_4)2
Hulp—vo = 3 ~70 Oulpno = \/(4) - (0)3 TN L /1067~ 3.266

— Page 8of 15 —



(¢) Derive the required conditional probabilities of the contrinuous attributes given the outcome,

using the probability density function for the normal distribution. 4
Solution:
1 112
P(S=6|P="Yes) = o Ene o~ 0.04179
(3.559)v27
1 _0)2
P(S=6|P=No) = e tse ~ 0.08064
(2.944)v27
1 112
P(S=9|P="Yes) = .o %me o~ 0.09573
(3.559)v27
P(S=9| P =No) ! 9%~ 013551
— e o0 e —_— . e x 8. =~ .
(2.944)v27
P(M =75 | P = Yes) : SO < 0.000308
= = Yes = e ——l 4 2x13.56 ~ .
(3.682)v27
P(M =75 | P = No) : ~E A~ 0.03785
= =No) = —— ¢ 06T &~ 0.
(3.266)v27
P(M =82 | P = Yes) LS < 00301
frmd = Yes = 4 faRs ~ .
(3.682)v27
P(M =82 | P = No) B~ 0000143
g = (0] = 4 > 10 ~ .
(3.266)v27
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(d) Derive the ratio of required conditional probabilities for the outcome (P = Yes/No) for the given
two new student data, namely X; and X, and indicate the outcome that a Naive Bayes classifier
would predict for these two new students? Show your calculations. 2)
Solution:

]P’(P =Yes } X : (C = Theory, A = Average, S =6, M = 75>>

IP’(P = No ‘ X, : (C = Theory, A = Average, S=6, M = 75))

P(P =Yes)P(C = Theory | P =Yes)P(A = Average | P =Yes)P(S=6 | P =Yes)P(M =75 | P =Yes)
P(P =No)P(C = Theory | P =No)P(A = Average | P=No)P(S=6 | P=No)P(M =75 | P = No)

3 x 1 x1x0.04179 x 0.000398
L 0.002725 < 1
2

x % x 1 x0.08064 x 0.03785

Therefore, student X; will not be placed.

]P’(PzYes!Xg:(C:Lab,A:Low, §=09, M:82>)

P(P:No\XQ:<C=Lab,A=Low, S=9,M=82>)

P(P=Yes)P(C=Lab | P=7Yes)P(A=Low | P=Yes)P(S=9 | P=Yes)P(M =82 | P="Yes)
P(P=No)P(C=Lab|P=No)P(A=Low | P=No)P(S=9|P=No)P(M=82|P=No)

% x $x0.09573 x 0.03801
I x £ x0.13551 x 0.000143

383.59818 > 1

Therefore, student X, will be placed.
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Q4. [ Bayesian Networks ]

Suppose that a patient can have a symptom (S) that can be caused by two different diseases
(A and B). It is known that the variation of gene G plays a big role in the manifestation of @

disease A. The Bayes’ Net and corresponding conditional probability tables for this situation

are shown on right. The conditional and marginal probability values are given as, Q 9

P(G)=0.1, P(B)=04, PA|G)=1.0, P(A|—-G)=0.1,
P(S|A,B)=1.0, P(S|A,—B)=09, P(S|-A,B)=08, P(S|-A,-B)=10. 9
Answer the following. Show your calculations.
(a) Compute the probability of the joint disribution, that is, P(G,A, B, S). 2)

Solution:

P(G,A,B,S) = P(G)P(A|G)P(B)P(S|A,B) = 0.1x1.0x04x1.0 = 0.04

(b) Find the probability that a patient has disease A. ?2)
Solution:

P(A) = P(A|G)P(G)+PA|-G)P(-G) = 1.0x0.14+0.1x09 = 0.19
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(¢) Find the probability that a patient has disease A given that they have disease B. @
Solution:
It can be infered from the graph of Bayes’ Net that A | B. Therefore, we get:

P(A|B) = P(A) = 0.19

(d) Find the probability that a patient has disease A given that they have symptom § and disease B. (2)

Solution:
P(A,B,S) P(A) P(B) P(S | A,B)
P(A|S,B) = =
P(A,B,S) +P(-A,B,S) P(A)P(B) P(S | A,B) +P(—A) P(B) P(S | -A,B)
_ 0.19x04x1.0 _ 0.076 ~ 02267

0.19x0.4x1.04+0.81x0.4 x0.8 0.076 +0.2592
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(e) Find the probability that a patient has the disease carrying gene variation G given that they have

disease A. 2)
Solution:
P(G)P(A| G)
P(G|A) =
(G14) P(G) P(A | G)+P(—G) P(A | -G)
_ 0.1x1.0 _ 0.1 ~ 0.5263

0.1x1.04+0.9x0.1 0.1+0.09

(f) Find the probability that a patient has the disease carrying gene variation G given that they have
disease B. 1)

Solution:
It can be infered from the graph of Bayes’ Net that B L G. Therefore, we get:

P(G|B) = P(G) = 0.1
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Q5. [ Classifier Evaluation ]

You are given with the following data set of 15 samples, D = {dy,d>, ...,d 14} with known actual class
labels, L(d;) € {A,B,C} for each of the sample d; € D (0 <i < 14). In order to evaluate the quality of
a classifier K, each sample d; € D is additionally classified using K, yielding the predicted class label
K(d;). The results are given in the table below.

i—-|0 1 2 3 4 5 6 7 8 9 10 11 12 13 14
Actual - L(d) |A B A C C B A A A B B C C C B
Predicted ~K(d)) |A A C C B B A A A C A A C C B
(a) Express the confusion matrix.
Solution:
Predicted Class #K(d;)
A B C
all4 [ o | 1t ]
Actual
Class B || 2 |2 L \
#L(d;)
cll_+ [ v [ 3 |

(b) Compute the accuracy. Show your calculations.
Solution:
The accuracy is given by,

|{deD|K(d)=L(d)}| 4+2+3 3
N | D | 15 5

Accuracy(K)
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(c) Compute Precision, Recall and Fj-score for each class ¢ € {A,B,C}. Show your calculations.  (2x3)
Solution:
Precision:

The precision is given by,

4 4
Precision(K,A) = IaFiC 7
Precision(K, B) 22

recision - - _Z
’ 0+2+1 3
. 3 3
Precision(K,C) = T3 s
Recall:
The recall is given by,
4 4
Recall K,A) = —— =—
ecall{K,4) 4+0+1 5
2 2
Recall K,B) = ———=-—
ccalllkoB) 24241 5
Recall(K,C) = ——> =3
e 14143 5

Fi-score:
The Fj-score is given by,

i 4.4
R(K.A) = 2 Precision(K,A) - Recall(K,A) 2x4x§ 2
Precision(K,A) + Recall(K,A) e 3

i 2. 2
F(K,B) — 2 Precision(K,B) - Recall (K ,B) 2x 3 x2 1
Precision(K,B) + Recall(K,B) 142 5

i 3.3
F(K,C) — 2 Precision(K,C) - Recall(K,C) _ 2x3x3 3
Precision(K,C) + Recall(K,C) ERIE 3
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