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Fifth Semester B.E. Degree Examination, June/July 2025
Mathematics for Machine Learning

Time: 3 hrs. Max . MWarks: 100
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Note: Answer any FIVE full guestions, choosing ONE full guestion from each module.

Module-1
Deline vector space. Write the polvnomial f{t) = at® + bl + ¢ as a linear combination of the
polynomials Py =(t -1y, P=t— 1 and 5= 1. (06 Marks)

Supposcu = (1, -3.4) and v=1(3,4,7). Find

(1) dlu, v), the distance between the vectors u and v

{11} The ancle between the vectors wand v

{111} The projection of v and v (06 Marks)

Compute the fellowing matrix products, if possible.

2o 1 2 37[t 1 o)
(1) -4 S0 1| (1) (4 5 6|0 1 1 (08 Marks)
781 0 78 9f{t 0 1]
OR

Solve using Gaussian Elimmation, all solutions of the mhomogencous equation syslem

Ax = b with

o 1 0 0 1
0 [

0
0 () 0
o1 00 0 1

A= -1 (10 Marks)

Which of the following scts are subspace of R?
1) A= f{r,, A FLh,l-—ujlﬁ, e R}
11"1H—1[ﬁ,._— Ly e R

‘1) Letybem B

C; {{EI-EEqu}ER:‘i Et EEE-S- 31.:3_':'.-}

VI =4 (8,681,830 e 7| 82 2 £} (10 Marks)
Module-2

Find the QR factorization of
1T 0 0]
10

A= (06 Marks)

o1
111
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b, Compute det A where

d.

i

53 -7 8 9 O
02 =5 7 3
A=10 0 1 5 0
oz 13 -]

0
00 0 2 0l
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(e Marks)

Let W be the subspace of R orthogonal to uy — (1.1, 2, 2) and us - (¢, 1, 2, —1). Find

(1) an arthogonal basis of W (11) an orthonormal basis of W.

OR
Find the eigen value and eigen vectors of the matrix
ENREEY
A=10 2 6
00 5J

Find the matrix P which transform the mateix

_! 1 1+ 3§
A= I 3 | to the disgonal fonmn.
301 1]

Find the singular value decomposition of the matrix

101
ﬁ.ﬁ:
L—E!ﬂ_

Module-3

Consider the following funclions
fi(x) = sm(x;) cosixa) . x e R*
Blx,vi=xy, x,ve R"
fix)=xx, x = R"

i) Compute the Jacobian,

11y What are the dimensions ol —
X

(08 Marks)

(06 Marks)

(06 Marks)

(08 Marks)

(10 Marks)

Compuic the Taylor polynomial T n=0.__.5 of fix) = sini(x) + cos(x) at x.. =0 (10 Marks)

OR

Compute the derivative of the function hix) = (2x + !}4 using Chain Rule. (06 Marks)

Find the value of the constraints A and u such that the surface Ax’

4?:.2}’ +7 =4 interseet orthogonally at the pomt (1, -1, 2.

Given gz, v) =log plx. 2) - log glz, v)
Z1= s, v)
for differentiable functions p. g, 1.
: . , 1
Lsmg chamn rule compute the gradient di-giz, v
W

2of4d

uvz = (L + 2) and
(08 Marks)

(06 Marks)
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Module-4
Consider the following bivariate distribution Pix, v) of two discrete random variables
x and v,

yi| 001 [ 002 [ 003 [ 00 [ O

Y 3] 005 | 0. | 005.0%007 | 0.2
¥3 _@L__J_?_-.?Tﬁ_' 003 | 005 | 004

X X X3 X Xs

x
Compute (1) Marginal distinbution P{x) and P{v}
(i) Conditional distribution P{x | Y =wijand Piy | X = x3) (08 Marks)

State and prove the Bave’s theorem. (06 Marks)
Let A and I3 be two events, not mutually exclhasives connected with a random cxperiment E.
i RCAY=1/4 | P(B) = 2/5 and P(AVB) = 1/2 | Find the values of the following probabilitics
(1) P{A ™ B) (1) P{A — B} (i) P{A B {06 Marks)

OR
Determune the binomial distnibution tor which Meun = 2 = vanance and mean -+ variance = 3

{06 Marks)

The probability disinbution of a random vanable x 15 given below:

X [ 2 [ -1 [ 0 L | 2
P{x) (1.2 0.1 0.3 0.3 0.1
Find (1} E{x) (11} Vix}) () E{2x - 3) (rv) V{2x = 3) (06 Marks)

There is an outbreak of an epidemic i a particular city and government has decided to

vaceinate the people residing in that city as a precautionary measure, Now 1t 15 observed

that, while vaccinating the people, the probability thal an individual suffers due to a bad

reaction [rom a certain injection s 0001, Determine the probability that out of 2000

individuals

(1) Exactly 3 people will suffer due to a bad reaction.

(1) More than 2 people will sufter due 1o a bad reaction.

(111) No one will suffer due to a had reaction. (08 Marks)
Module-5

What is Gradient Descent? With the help ol gradient descent find the point at which the

function f{x,. x2) = %, —2x,X, + 2%, + 2%, has optimal solution. (06 Marks)

Consider the univarate function f{x) = x* + 6x° — 3x — 5. Find its stationary points and
mdicate whether they are maximum, minimum or saddle points. (06 Marks)

Consider whether the following statements are true or false:
1) The sum of any twao convex funclions 1s convex.

1}y The difference of any two convex [unctions is convex.
1) The praduct of any two convex functions is convex.

iv) The maximum of any two convex functions 1s convex, (0% Marks)

sold
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Using Lagrange’s multipher. find the dimensions of the rectangular box, open at the top, of

maximum capacily whose surface area 1s 432 sg.em.
Prove that non-negative weighted sum ol convex funclions 15 abwvays convex.

Consider the following convex optiunization problem

i iw w
we RY 2

Subjectto w x = 1
Derve the Lagrangian dual by introducing the Lagrange multipher 2.

4o oo %

4 af 4

(06 Marks)

(06 Marks)

(8 Marks)



