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Fifth Semester B.E. f)egree Examination, Jan./Fcb .2023
Mathematics for Machine Learning

-fime:3 hrs. Max. Marks: 100

Note: Answer any FIVE full questions; c'hoosing ONE full question from each module,

Module-l
I a. Find the general and particufu.,utf}lliil,o of ,t 

" 
,ystem of equations :

-2x1 + 4xz- Zxt- xc f 4x5:-3
4xr-8xz+Sxl-3&*xs:2
x1 -2x2+ x3 - xq * xs :0
x1_ 2x2- 3xa + 4x5: a.

b. Define a basis, rank and inner product space with an example.
c' Determine a basis for a vector subspace U E R5, spanned by the vectors

{xr, xz, x:, xq} atN , where x1 : llr-2, -1, -1, *l]1', 12 : L2, *1,
xt': [3, *4,3,5, -3]', x+: [-1, 8, -5, -6, l]'t.

OR
2 a. If u : [2, -5, *l ]r and y : L-7,4,67'then :

i) u.v ii) u + v iii) llull , iv) ll v ll v) llu + vll, :

,'*mi-j-l_Ll

3 a. For the matlix

b.

c.
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b. For x, y € v where v is a inner product space then define distance between x and y. Also
find the distance betweeo(7,' 1) and (3,2). (05 Marks)

c. Define angle bstween twg vectors form Cauchy - Schwartz inequality. Hence cornpctc anglc
between [, 1]' and [ 2]r. tos uu*O

(10 Marks)
(06 Marks)

1, ,2, -21' ,

(04 Marks)

(10 Marks)

(05 Marks)

(09 Marks)

(04 Marks)

(06 Marks)

(10 Marks)

Motlitrle-2

lz o ,l
A=l 0 I 4l.FindlAlandtrace(A).

[-s o -rj
ft

Find the Eigen values, Eigen vectors, and Eigen spaces for the matrix O = I I
,. , t o 1 ol 

Lr

Findthe singularVdliedecompositionof A=l - - l.' l_2 lOJ
t.

OR
Explain the terms orthogonal and orthonomal vectors.

lf a: l-2,11r, b: [-3, t]', "=fur.- r,/St' and d: [5,6, -l]r, then compurc.

. (a.b\
t) l- l.a\a'al
ii) Find a unit vector 'u' in fhe direction c
iii) Show that 'd' is orthogonal to 'c'.

lq u l4l
Compute the singular value decomposition of a matrix O = 

L, ; _'l
l of 3
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Marks)

4a.
b.

c.
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5a.

6a.

b.

b.

c.
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Illodule-3
Obtain the Maclaurin's series of f(x)=J+sin2;,.tb * the graphs of f(x): (0),

f(x)=f(0)+ir',0, and f(x)=f(0)*1r'(o)..;*]ol. (07Marks)

Dcfine gradient of the vector valued functions (xr, xz) and hence find gradient of
f(x1, x2) 

-: *r'*r.+ xlx23. (07 Marks)

io-p*" the derivative of the function h(x) : g[t(x)] where gi(x)l : [(x)]a and

(x): 2x + l. (06 Marks)

OR

If f(x, y) : x2 + 2y ;where X1,:,sil1 t and xz : cos t, then find $.
dt

(06 Marks)

Compute the gradient of !'1ryifh iespect ts t, for the fu^.qc'.!1gn h : R. -) R, h(t) : (fog) (t) with

r: p +R,g: R - Htu;edby r(x)=e*y'x=f]=e(t)=[::il;]. (06Marks)

1a.

b.

c. For the linear regfeision model f (x) = J*' * "*' + 
"os1r' 

+ 
"*') 

. Compute the gradient and

af
lby working backward. (08 Marks)
ox

Module-4
Let x and y are tw'o independent variables. If variance of (2x - y) : 6 and variance of
(x + 2y) : 9. Find the variance of x and variance of y. (06 Marks)
A joint probability distribution is given by the following table.

8a.

b.

c. State the following :

i) Sunr rule for discrete and continuous random variables
ii) Product rule which relates theioint distnbution to the conditional distribution.
iii) Baye's,n.o..L,
iv) Likeliho"d plYA)

v) Posterior ,(/r) (07 Marks)

:oR
A bag contain 2 mango and 3 apples and a bag B contains 4 mango and 5 apples. One fruit is

drawn at random from orte of the bags and it is found to be apple. Find the probability that
the apple fiuit is drawn froin bag B. ^ (06 Marks)

Given a real valued function (x): a g(x) + b h(x) where a, beR and x e RD, then prove that

Find variance of x and y and write the marginal distributions p(x) and p(y).

E.[(x)] = a E*[g(x)] + b E.[h(x)].
For any two random variable, prove that
i) E(X + Y) : E(X) + E(Y)
ii) E(x - Y) : E(x) * E(Y)
iii) v(x + Y) : v(x) + v(Y) + cov(x, Y) +cov(Y, x)
ir) v(x - Y) : v(x) + v(Y) - cov(x, 

"L 
"?1, 

(Y, x).

(07 Marks)

(04 Marks)

Y
x -3| 2 4

I 0,1 0.2 0.2
3 , 0:3 0.1 0.1

(10 Marks)
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9a.

10 a.

b.

b.
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' 18A156

Distressforthefunction(x):*+*ffil7x+,3;*hcconvexityandconcavityinthe
interval (-6,2). Further graphically represent the neffi'gradients and global minjmum.

.,.,,r 
'a.,r (10 Marks)

1l-*l) r l*lrlz 1l[xl lsl'["1
For a quadratic frrnction in two dimensions t[r]j=ilrl L, ,'llrl_lrl Lrl 

*,,n

[*l'[z r I lslr
gradient I 

-l 
I . -- l-l - | initial location, xo = [-3, -l]' and r:0.085. Apply gradicnt

Lvl Lr 2o_l L3J
descent algorithm which converges'to minimal value perform twst;iterations. (l0Marks)

.,..!i;,, 
..,

OR
Define convex optimization pr$blem, further discuss the convexity of x logzx between the
points x : 2 and x= 4. AfWqYot the'function and tan x= 2. (10 Marks)
Write a brief note on.gffiity and convexity witfu&table examples. Further discuss the
convexity of y : 3x2 - 5k+ 2 with graph. (10 Marks)
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