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~ (a) Write yotir Roll No. on the top immediately
on receipt of this question paper.

(b) Attempt any two parts from each question.

1. (a) Define a metric space. Let p > 1. Define
d:R"xR"->R as d,(x,y) ( n X - y,|")

X (X)) Xy oy X ), Y = (V) ¥y -0 ¥) € R - ShoW

that (R",d,) is a metric space.
| 6.5
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(b) When is a metric space said to be complete 5

Is discrete metric space complete ? Justify,

6.5

(c) Let (X, d) be a metric space. Defined: X x X |

d(x,y)
+d(x,y)’

Prove that d, is a metric on X and d, is
equivalent to d. 6.5

>Rby d, (%)=; for all x, yeX,

2. (a) Prove that every open ball in a metric space
(X, d) is an open set in (X, d). What about

the converse ? Justify. 6

(b) Define a homeomorphism from a metric

space (X,dl) to a metric space (Y, dz)h-. Show

that the function f: R-—) | =1, 1] defined by

VX |
f(x)= ﬂ";[ is a homeomorphism.
{
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d) be a metric space and let A, B be

t (X,

non-empty subsets of X. Prove that:

@) (ANB)' =A"NB’
m)AUB AUB

3. (a) Let (X, d) be a metnc space and FcX. Prove

that the following statements are equivalent :
| | g
i) xeF |
(ii) S(x,e)ﬂF#d)  for every opeh ball S(x, €)
centred at x
(iii) There exists an infinite sequence {xn.} of poiht
(nst necessarily distinct) of F such that
x> X
(b) Let (X,d) be a metric space and F<SX. Prove
that F is closed in X if and only if F© is open in X,

where FCis complement of F in X,
‘ 6

3 PO,
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(c) Let (X,d) be'a metric space such that for
every nested sequence {E.}as: of non-empty
closed subsets of X satisfying d(F ) — 0 as
n — w, the intersection (7 F, contains

: exactly dne' point. Prove that (X,d) is

complete. =B 6

4. (a) Let: f be a mapping from a 'metric Space
(X, d,) to a metric space (Y, dz). Prove that
fis continuous on X if and only if ! (G) is
open in X for all open subsefs G of Y. 6.5

(b) Let (X, d,) and (Y, d,) be two metric spaces.
Prove that the following statements are
equivalent : | 6.5

(i) f is continuous on X

(ii) f " (B)i; f "'(E), for all subsets Bof Y

(iii) f(;&)g F(X)" for all subsets A of X

4



() Deﬁne umform oontlnulty ofa functton f from
a metnc space (X, d,) to a metric space
(Y, d,) Let (X, d) be a metric space and A be
a non-empty subset of X. Show that the

functionf: (X,d) - R deﬁnedasf(x) d (x, A),

for all xeX, is uniformly contmuous on X.
6.5

5. (a) State and prove contraction 'mappihg
theorem. o 6

(b) (i) LetY be a non-empty subset of a» metric
space (X, d) and (Y,d) be complete,

where d_ is restriction of dtoY x Y. Prove

that Y is closed in X. 3

(ii) Let A be a non-empty bounded subset of
a metric space (X, d). Prove that

d(A) = d(ﬂ) , 3
P10,

.1
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(c) Let (X, d) bea metric space. Then prove that

following statements are equivalent .
1.5x4=6

(X, d) is disconnected.

(i) There exist two nonfempty disjoint
subsets A and B, both open in X, such

" that X = AUB.
| (iii) There exist two non-empty 'disjoint
subsets A and B, bbth closed in X, such

that X = AUB.
(iv) There exists a proper subset of X, which

is both open and closed in X.

6. (a) Let (R, d) be the space of real numbers with
the usual metric. Show that a connected
subset of R must be an interval. Give
example of two connected subsets of R such

that theit union is disconnected.

1

6.
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a metricC space and Y bea subset

pact subset of (X, d), then
- 6.5

) Let (X, d) be
of x. If Y is com
prove that ¢ 1s_-clo_sed.

ontimious function from a

(b

(c) Let f be ac
compact metric space (X, d) to a metric space

(y’. d,). Prove that fi is «uniformly continuous

onX. o e ‘
6.9
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(b) Attempt any two parts from each question.

(c) All questions carry equal marks.

1. (a) Let Inn (D,) denotes the group of inner
automorphisms on the dihedral group D, of

order 8. Find Inn (D). 6

(b) Define inner automorphism of a group G
induced by geG. Then prove that the set

Inn(Q) of all inner automorphism of a group

G is a normal subgroup of the group Aut(G)

of all automorphisms of G. 244

P.T.O.
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(c) Let G be a cyclic' group of o.rder n. Then
. prove that Aut(G) 1s isomorphic to U(n). Here
Aut(G) denotes the group of automorphisms
on G and U(n) = {meN : m < n and gcd
(m, n) = 1} is a group under multiplication
modulo n. - | 6

.2. (a) Prove that every characteristic subgroup of
- agroup G is a normal subgroup of G. Is the
converse true ? Justify. 442
~(b) LetG, and G, be finite groups. If (8,,8,)€ G,

® G, , then prove that

|(g,,8,)|=lem(|g,|,|g,)|)
L where |g| denotes order of an element g in
a group G. | 6
(c) Prove that D, and S, cannot be expressed as
- an internal direct product of two of its proper
subgroups. Here D, and S, denote the
dihedral group of order 8 and the symmetric
group on the set {1, 2, 3} respectively. 3+3

3. (a) State Fundamental Theorem for Finite
Abelian Groups. Find all Abelian groups (upto
isomorphism) of order 1176. 2+4

(b) Let G be an Abelian group of order 120 and
G has exactly three elements of order 2.
Determine the isomorphism class of Q.

§)
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(c) ForagroupG, letthe mappingfromGxG — G

be defined by (g, a) —» gag . Then prove that
this mapping is a group action of G on itself.
Also, find kernel of this action and the

stabilizer G, of an element x€G.  2+2+2

4. (a) Let G={1,a,b,c} be the Klein 4-group. Label

-+ the group elements 1,a,b,c as 1ntegers

(b)

(c)

1,2,3,4 respectively. Compute the
permutation ¢, o,and o induced by the
group element a, b, ¢ respectively under the

group action of G on itself by left
multiplication. | 6.5

Let Gact on a set A. If a,beA and b=g.a for |

some g € G, then prove that G, =gG.g 'where
G, is the stabilizer of a . Deduce that if G
acts transitively on A then kernel of the

action is [, & G, & = 343.5

Let G be a group acting on a non empty set A
and aeA . Then prove that the number of

elements in orbit contalning a is equal to
index of the stabilizer of a. 6.5

QOHO R, 8 P.T.0.
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5. (a) State the class equation for finite groups.
. Find conjugacy classes of the quaternion
group Qg and hence verify the class equation
- for Q. , | 2+3":1.5
(b) Let p be a prime and P be a group ofpnme .
power order p°®for some a2 1. Then prove

that P has a non trivial centre. Deduce that
a group of order p?is an Abelian group. B
| | 4+2.5
(c) Let G be a non-Abelian group of order 231.
Then prove that a Sylow 11-subgroup is

- normal and is contained in the centre of G.
| | | 2.5+4

gl

6. (a) Let G be a group of order pq such that p < q
and p does not divide (q -1). Then prove that

G is a cyclic group. Hence deduce that a

group of order 33 is cyclic. 4.5+2

(b) Define a simple group. Prove that groups of
order 72 and 56 are not simple.

| 1+25+3
(c) Let G be a group such that |G|=2n, where
n>3 is an odd integer. Then prove that

G is not simple. , 6.5
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SECTION I

1. (a) () Let N, be the set of non-negative integers. Define ) |

a relation < on N as :

Y | ’; w For m, ne Ny m < n if m divides n, that is,
2 1@ ‘| if there exists k € Ny : n = km, then show that
\x Y \

»/ s an order relation on Ny,
. <
LM T Draw  Hasse  dlagram  for the  subset

P={1,2 3,12, 18, 0} of (Ny; <), whete < sarme
A8 déﬂﬁed above. 33

PTo
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(b)) Show that two finite order_edsefs .P énd Q are
~ order isomgrphic iff they can be drawn with~ identical |
dingiiins 6
(¢ Let P and'Q be ordered sets. Then show that the |
ordered sets P and Q are order isomorphic iff there
exist order preserving maps @ : P — Q and V¥ : Q-——> P

'such that :
poy = idQ and yo@ = idp wheré ids'f S = 8 |
3 denotes the idenﬁty map.on S given by : idg(x) - Jé, ‘
VxeS | A ol | 6
(a) | Let (L, A, v‘) be a non-empty set equipped with two binary |
| operations A and v. Also L is such that the foll.owiﬁg laws,

associative law, commutative law, idempotency law and

absorption law and their duals hold. Then show that :
h (@vb)=biff@nab)=aV a bel)

()  Defihe a telation <ot L as a < b if (a v b) = b

Thett prove that < s an ordet relation on 1. 6.5
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(b) Let L and K be lattices and f: L - Kbe a map. Then

show that the following are equivalent :
0} f is order preserving
(@D (9 a, b€ L) flavb)2fa)v fb). 6.5
(¢) Prove that in any lattice L, we have :

A VEADA(FAN VYO A)D=xAy
(V x, j),.z € L). 6.5
~ SECTION I

(a) Let L be a lattice. Prove that L is distributive if and only

if for all elements a, b, ¢ of L,
(@avb=cvbandananb=cAb)impliesa=rc 6

(b)  Find the conjunctive notmal form of /= (x()' + 2)) + 2/

in three variables. Also find its disjunctive normal

form. 6

(¢)  Prove that every Boolean algebra is sectionally

coitiplertietited. 0
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(a) Find the prime implicants of xy+xz+xyz and form

the corresponding primé implicant table. 6.5

(b)) Simplify the following function using the Karnaugh

diagram : 6.5

XXXy gy (g X3 (p +xy +e) H W R

(o) VA ;mlo'tor is suppiied by three generators. The operation

of egch generator is monitored by a corre»sp.onding
switching element which cioses a circuit as soon as .
generator fails. In the electrical mon»itoring system, a
warning lamp lights up if one or twﬁ generators fail.
Determine a symbolic representation as a mathematical

K]

‘trodel of this problem. 6.5

SECTION I

(@) ()  Prove that number of odd vertices in a pseudo graph

I8 even,



(5 ) —

i)  Find the degree Sequence for G: verify that the sum

of the degrees of the vertices is an even number
Which vertices are even ? Which are oqq o

V1 - v6

el

2+4

(b)) (1)  What is bipartite graph ? Determine whether the
gfaph given below is bipartite or not. Give the
bipartition sets or explain why the graphv' 1S not

bipartite.
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(if)  Define isomorphism of graph. Also label the graphs

so as to show an isomorphism. -

Q

O

3+3

(0 () A graph has five vertices of degree 4 and

two vertices of degree 2. How many edges does

it have ?

(i) Why can there not exist a graph whose dégree

sequence is 5 4,4,3,2, 1.

(i) Explain why the graphs are not isomorphic.

A B
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@ (i) Defir_l.e Hamiltonian graph. Is the graph given
below Hamiltonian ? If no, explain. If yes, find a

Hamiltonian cycle.

(i) Answer the Konisberg bridge problem and
explain. " 6.5

(%) " Find the adjacency matrices A, and A, of the graphs G
| and G, as shown below. Find a permutation matrix P such

that A, = PAP".

ui u2
vi Ovz
] u4
)
il v3 u3

6.5
p1O.
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(¢) : Apply the improved version of Diijtra’s_algoﬁthm to find

the length of a shortest path from A to D in the graph

shown below. Write steps.

6.5
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Attempt any ﬁve parts from q»uestion 1, each part carries 3 marks.
Attempt any two parts from questions 2 to 6, each part carries 6 marks.

. (a) Define a stream cipher. State the three important design

considerations for a stream cipher.
(h)  Briefly describe ShiftRows transformation of AES.

(¢)  What is an Avalanche effect 7 Does DES show avalanche

effect ? Justity vour arswer.
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(a) Perfom encryption and decryption using the\RSA
algbrithm forp=5,4g=7e=7adM = 12,

()  Consider the following Key exchange .m‘echanisin known
a Ellz}btic Curve Key ax‘change : |
Step } : Alice and Bob chooses an elliptic curve ¥y =

%3+ rx + 5 over the field GF(p), p is prime with

an element G of order »n on this curve.

Step 2 : Alice chooses secret a < n and sends a.G to
Bob.
Step 3 : Bob chooses secret b < n and sends b.G to Alice.

Step 4 : Alice calculates a.(b.G) = abG.

Step 5 : Bob calculates b.(a.G) = abG. Thus Alice and

Bob have same shared secret key abG.

Suppose Alice and Bob chooses an elliptic curve
P =834 x + 6 over the fleld GFE(11) and G = (2, 7) on
this cutve. Alice and Bob selected secret keys @ = 2,
h=13 respeétlvely. Given 3G = (B, 3), find the secret key

shared by Alles and Bl
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®)

(©)

| “function used in PGP.

( 5 ) - ' 7946

Through help of a diagram show how hash function
can be used to achieve integrity, authéntication and

confidentiality using only a symmetric key encryption

scheme.

)

Describe the Elgamal Digital signature scheme, that is, its
public/private parameters, signing algorithm and verification

algorithm. ' S

- Write the services provided by PGP. Mention the different

Symmetric key schemes, Public Key schemes and Hash

-

Describe a hash function. What is the main functionality

of a hash function in a cryptographic secure communication

mechanism ? Give three applications of hash functions,

clearly specifying role of hash function in each application.
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1 , (@) A real root of the equation x> — 5x + 1 = 0 lies in
10, 1[. Petform three iterations of Regula Falsi Method

to obtaih the root.
6
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Yy

) perf'o@ three 1terat10n of Bisection Method to Obtam i
of the equation €0 (x) - xe* i J0, 1. - 6

() Discuss the order of convergence of the Sec,. "

 and give the geometrical interpretation of the Mty
. » ; 6

(@ Verify x=+a is a fixed point of the fun(:ti
On

.. a : '
h (x) i ( X+ ;-2-) Determine order of conVergence of

I‘§ec‘1uénee p,, = h(pn -~ l) towards x= \[a_' 65

- . Use Secant method to find 4root of 3x + sin (x) _ e =

in ]0, 1[. Perform three iterations. = "

() - Prove that Newton’s Method is of order tWo using

xJ + sz 3x — 1 =0 and initial approxlmatlon %=2, 6 5

(@)  Define a lower and an upper triangular matrix, Solve the

system of equations :
“3w 42y <y = =12
dx, +8xy 4y =1
4+ 20 + 7, = |

by obtelnit an 1.\ decompnsltl'(m of the coefficlent Mattls

A of the algye syalen, »
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b) " por Jacobi method, caloulate Tige Ciae and spectral radius
( o

f the following mafrix
. B
3 4 2

et up the Gauss-Seidel iteration scheme to solve the

©

system of equations :

Aty -x=1 /¥

f‘w ' »
o\ ARARY

o ytAntay=-l \ @j
PR | ¢ r 3
\{ " vy g ‘ ‘
: I NeW

“xl +x2 +4x3 =1

Take the initial approximation as X = (0, 0, 0) and do

three iterations. | 6

(@)  Construct the Lagrange form of the iﬁterpolating polynomial

from the following data :

J) = Inx Ih 1 2 I3 6.3
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(@)

(b)

808]

Prove that for n + 1 distinct noda] point'
S

Xgs Xps Xo oov X there exists a unique imerpoléting

polynomial of at most degree n. i
Find the max1mum value of the step size 4 that can be
used in the tabulation of j(x) €' on the intervg) [0, 1]
so that the etror in the linear interpolation of fx) i fegs
than 5 x 107, T

Define the backward difference operator V and the

Newton divided difference. Prove that :

n-
oYL where h=x,, -x,

Construct the divided difference table for the following

data set and then write out the Newton form of the

interpolating polynomial :

X -7 -3 4 |
y 0 | 5 2 10
Flitid the approkimation of y for + = -3, 6
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()

(c)

Use the formula

+h) - £(
f ‘(%) = f(xo h o)

to approximate the derivative of f(x)=1+x+x® at
X =1 taking A = 1, 0.1, 0.001. What is the order of

apbroximation ? | | _ 6

_ 1
" Approximate the value of Ie"dx using the Trapezoidal
. 0 |

rule and verify that the theoretical error bound holds for

- the same. | 65

b
State Simpson’s 1/3rd rule for the evaluation of I f(X)de

and prove that it has degree of precision 3. 6.5

Use Euler’s method to approximate the solution of the initial

value problem,

X =(1+x*)/t, x(1)=0, 1<r<4 taking 5 steps. 6.5
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Attempt any two parts from questions 2 to 6, each part carries 6 marks;
L. (a): " Use the Rail fence cipher of depth 3 to encrypt Av“there’
could be better qﬁestions.” Which attack is this cipher

vulnerable to ?

(b)  Explain the term diffusion in the context of a block
cipher, How does DES dchieve diffusion ?

(¢)  What is the difference between a stream ciphet and d

Klock elpher ?
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(@  Describe a trap-door-one-way function.

(¢) ~Define Euler totient function ¢. Compute ¢ (105),
. ¢ .

(H  Write the order in which Compression, Encxybtioﬁ and

- Digital Signatures are applied in PGP, while acﬁieving

both Authentication and Confidentiality, clearly State the .
reason behind this order.

(g0 Describe the terms Non-Repudiation and Integrity in
context of Cryptography. Mention the cryptpgraphic
primitives used to achieve these. |

(@ Decrypt the following ;nessage encrypted using playfair

cipher with the key ‘‘HER MAJESTY’S SHIP”.

LVHZ CRJE RQQO ZRTY ERGM JRRM XOJR RANF

.
RMOW ODNM AHYN WDER NMFM. ," .

()  What does it mean to say that the one time pad is
unbreakable ? If the ote time pad is unconditionally

secure, why is it not widely used ?

(@) Desctlbe the key expatsion alporithin of DES with the

Help of o eigiaim
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(a)

(b)
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For any positive integers a and n, show that p - c

mod(n) implies ab = ac mod(n). Show that converse

- Is not true in general. In which case converse is also

true ?

Determine the GCD of x* + 2x3 + 5x2 + 5¢ + 4 and

¥+ 22 + 3¢ + 6 over GF(7).

State Fermat’s Theorem. Use Fermat’s Theorem to reduce

819 (mod 37).

Describe the general structure of the encryption process

in AES with the help of a diagram. Briefly comment

. on the various transformations petformed in each round.

Suppose that we have the following 128-bit AES key,

given in haxadecimal notation :

A ()

v/ (M)

287E151628AED2A6ABF7158809CF4F3C

Express the Initial round key (Wy Wy Wy wy) as
a State matrix. |

Given that RC|1] = 01, 8(09) = 01, S(CF) = 8A, 8(4F)
= 84 and S(3C) = EB, whete 8 detotes the S-box,

cilctilte the frst four bytes (wy) for round ote



©

: ‘(a) |

()

(@)

L4y 8086

f -

base ¢ (mod D). Prove that : dloga » ) = [dlog
A a.p
) + dlog p O (mod ¢(p))

Perform encryptlon and decryptlon usmg the RSA

| -algorlthm for p = 7 =13, e=5and M =

f

he public Parameters of Alice cons;sts of an elliptic
curve Y=584 X + 6 over the ﬂeld GF(11) and a
point G = (2, 7) on thls curve, Suppose Alice’s prlvate
key 1s a = 2. Bob sends the ciphertext ((8,3), (5,9)) to
Alice. Find the message sent by Baob to Alice.
For the elliptic curve » =33 + x + 6 over the field |
GF(Il):
() @aigulate P + Q, where P = (52), Q = (8, 3).
(/) Calculate 2P, whete P = (5,2).
What is the maximum Input size and length of output
of hash funiction SHA=512. State the value of padding

fleld and length fields if the message length is 1920

bits, What s the slze of word (reglster used) it

SHA-812 Y



(b)

(©

© ' signature.

¢ 5 ). 8086
Alice uses Flgamal Digital signatyre scheme to sign a

document with the parameters : A cyclic group GF(19)

- Wwith generator 4 = 10 and private key X = 16. He

generated the random K = 5, ged (I(- 18) = 1 as part

of Signing process If Alice signed the document wnh»

hash value m = 14, claculate the signature. -

Deﬂne Digital Signatures, its parameters, input/output,

: and general working of sig.ning and veriﬁcatiOn

algorithms, Define three types of attacks on a Dlgntal

)'-"" _
"\

PLON | \-(‘j?\
/‘ , \"..\\
{ J : Y
Iy |

\ v M
*

\
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7. Attempt any five parts from Question 1. Each part carries three marks.

3. Attempt any two parts each from each of Questions 2 to 6. Each part carries six marks

1. (@) Show that {1, V3, V5, VI5} is basis of Q(v3,5) over .
(b) Prove that sin 6 is constructible if and only if cos 8 is constructible.
(c) If B is a zero of the polynomial x* 4+ x 4 2 over Zg, show that the other zero is 48 + 4.

(d) Le 7' be a linear operator on P;(R) defined by T(f(x)) = f(x)+ (x+ 1)f' ().
Iind the characterstic polytivmial of T

() Let 7' be o lineat operator on the vector space P(R) defined by T(f(x)) = f'(x). Determine
the T-eyellc subspace geterated by x* € P(R),

(1) Let T'be a Hneat opetator on IR? defined by T(a,b) = (@ + b, a ~ h). Detetitiine the minimal
polyfotilal of 7,

() Let T'he 4 linear opetatot oh an [Hier prodilcet space V. I I @N = Nl for all & € i
thett 7' 18 B 16 e,

-

T )
() Lot W= apint ([ 1, 193 b u stibsepaee of thi inifer product space £, Cotipite |



prove that a polynomial f(x) over a field F has multiple zeros in some extension & f
nEof Fif

2.(8)
and only :poth £(x) and f'(x) have a common factor of positive degree in F[x]

(5) Prove that 0(VZ + 3) = Q(VZ,V3).

(c) Let a be algebraic over F and, let p(x) be the minimal polynomial for the element a over

Show that if f(x) € F [x] and f(a) = O, then p(x) divides f(x) in F[x].

3. (a) Let K be a finite extension of the field £ and £ be a finite extension of the field F

Prove that K is a finite extension of Fand [K : F] =[K : E] [E : Pl
(b) Prove that cos 26 is constructible if and only if cos @ is constructible.

(c) Show that a regular 9-gon cannot be constructed with a straightedge and compass.

4, (a) Let V = Py(R). Forp(x) €V, let fi, f; € V" be defined as

1 .
filp(®) = [y p(®)de and f;(p(x)) = [ p(t)dt.
Prove that {f3, f>} forms a basis for V*, and find a basis for V' for which it is the dual basis.

(b) Test the diagonalizability of the mateiv given by




. (@ Let I’ be an inner product space over F, Prove that
1 A lyvll, forallx,y € V.
Also, verify the above inequality for vectors x = (2,1 + i,i) and y = (2 — 1,2,1 4 2i) in 3,

(b) For the data {(—3,9), (“2;.5’1 (0,2), (1,1) ], use the least squares approximation method

10 obtain the linear function of'ﬂ{” ot

(¢c) Let V be a finite dimensional inner product space and let W be a subspace of V.

prove that V = WEBW L, where W+ denotes the orthogonal comnlement of W. N
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[nstructions for Candidates

1. Write your Roll No. on the top immediately on receipt of this question paper.
% Attempt any two parts of each question.
3. All questions carry equal marks.

1.(a) If for a basic feasible solution x; = B~'b to the linear programming problem:

Minimize 7 = cx

X 20
there is some column x; in A but not in B for which z; —¢; > 0and y;; < 0. then
prove that the problem has an unbounded solution.
- bd»
() let xi =2, Xa=d, Xa=l @a feasible solution of the system of equations
‘ 2x1+ x2 +4 xs=11
Ixi X2 45 x3 =14
Reduce this feasible solution to a basic feasible solution.

(©) Solve the following LPP using Simplex method:
Max z =10 x1+xa +2 X3

Subject to

Xi+x1+-2% <10
4 %1+ %+ %13 <20 ‘

X i, %22 0, %1 unrestricted.

2) () Solve the Hneat plogrammig problen by Big M method.



Maxz=3Xi- X

Subject to
‘,\OHU Co
2 0¥ 22 &) &\
F @)
R Ik 3 & inRARY ﬁ’
X2 <4 : ({7’
’ ." ) \b/
AN
X1,X220. A

(b) Use Simplex method to solve the system of equation:

3x1+2x2 =5

¢

2Xl+ X2 =4 ¢

(c) rind the dual of the following LPP
Minimize Z= Xit X2 +20xs
qbjectto X1+ X2 +xi <9 |

2x1-30%2 +3xs 21

3x1+6x2 4% =3
x1<0 %22 0,xs unrestricted.

3 () Solye the following LPP by Two Phase method.

Max z= Xi+5 Xz
Subject to
Ixi14% <6

xi+t3x2 =22

1 X220

(b State and prove Strong Duality theorem,
(¢) Apply the priticiple of duality to solve the linear prograniming problem

Mititize 1 = 3xq + 2xy
Siibject to % + % 2 1

Xy ' Y4 & 7
X k2% = ),



—

X <3

XX 20
followin -
golve the 1§ COSt-minimizing fron .
4 @ e — g h‘a‘nsportatlon Problem: ip
l 3\
6 e
,Ol T\L\hm
02 I 9 3\\%\
b : L B g
Demand 6 IO\'U\N

inimize the total man hours in the followi i :
p) Minimize ollowing assignment i
) po matrix by Hungarian

Lo Jm v Jv ] r
9 7 12 |6 15
13 16 |15 (12 |16
21 |24 |17 [28 |26 ‘
14 |10 |12 | |15

mo|IO|w| >

(c) Define saddle point of a two person zero sum game. Use the minimax criteria to find
the best strategy for each player for the game having the following pay off matrix ()44

Player II
1 -1
Player | [—2 0
" 3 1
Is it a stable game?

5) (a) Solve graphically the game whose payoft mattix is

[2411
7 4 2

(b) Use the relation of dominanice to solve the game whose payoff mattix is

glven by

1 7 3 4
R
7 2 0 3

olve by alimplex Hiethod:



o i
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Instructlons for Candidates :

(a) Write youir Roll No. on the top immediately
on receipt of this question paper.

(b) Attempt ahy two parts from each question.

1. (a) Define a metric space. Let p > 1. Define
n n n o
d,:R"xR" >R as dp(x,y)=(ZH yil") '

X (X Xy s X)) Y= (Y Yoo oo0s ¥,) € R*. Show
that (IR“,dp) is a metric space,

6.5

P.T.O.
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(b) When is émetric_i space said to be complete ?
" Is discrete metric space complete ? Justify.. .
6.5

(c) Let (X, d)bea m_étric space. Define d : X x X
d(x,y)

1+d(x,y)’

Prove that d, is a metric on X and d, is
equivalent to d. 6.5

— Rby dl‘ (X,Y)= for all X,' yEX._

2. (a) Prove that every open ball in a metric space
(X, d) is an open set in (X, d). What about

the converse ? Justify. 6

(b) Define a homeomorphism from a metric
space (X,dl) to a metric space (Y, dz)” . Show

that the function f :]l:ll—+ ] =1, 1] defined by

- .
f(x)= m is a homeomorphism.

6



-

(a)

(b)

7466

Let (X, d) be a metric space and let A, B be
non-empty subsets of X. Prove that : 6

i) (ANB)'=A°NB’

(i) AUB=AUB

Let (X, d) be a metric space and FcX. Prove

that the following statements are equivalent :

"

(i) xeF |

(i) S(x,e)NF#¢, for every open ball S(x, ¢
centred at x

(iii) There exists an infinite sequence {x } of poiht
(n(:;t necessarily distinct) of F such that
x — X

Let (X,d) be a metric space and FCX. Prove

that F is closed in X if and only if F© is open in X,

where F¢is complement of F in X,
6

3 P.T.9.
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()

Let (X,d) be'a metric space such that for

'everjr nested sequence {F.,}n ,, of non-empty

' - closed subsets of X satisfying. d(F) — O as

n.— o, the intersection N7 F, contains

 exactly one i)oint.» Prove that (X,d) is

(b)

complete. o | | - 6

Let f be a mapping from a inétric space
(X, dl) to a metric space (Y, dz)._Prove that
fis continuous on X if and only if f-1 (G) is ‘
open in X for all open subseﬁs G of Y.‘ 6.5
Let (X, d,) and (Y, d,) be two rﬁétric spaces.
Prove that the following statements are

equivalent : | 6.5

(i) f is continuous on X

(i) £'(B)cf(B), for all subsets B of Y

(itf) £(A)<f(A), for all subsets A of X .

4



7466

(c) l'Deﬁr;e‘ umform continuity of a function f from

(a)

(b)

a metric space (X, d) to a metric space
(Y, d,). Let (X, d) be a metric space and A be
a non-empty subset of X.' Show.'t'hat the

functionf: (X,d) -» R dg:ﬁned asf(x)=d (x, A), |
for all xeX, is unifornﬂy cox;tinuous on X.

6.5

State and prove contraction mapping

theorem. B ' 6
(i) Let Y be a non-empty subset of a metric
space (—.X, d) and (Y,d,) be complete,
where d, is restrictionof dto Y x Y. Prove

that Y is closed in X. 3

(ii) Let A be a non-empty bounded subset of

a tetric space (X, d). Prove that

d(A) = d(A). a

5 P10,
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(c) Let (X, d) be a metric space. Then prove that
following statements are equivalent :
1.5%x4=6

() (X, d)is disconnected.

(ii) There exist two non-empty disjoint
subsets A and B, both open in X, such
that X = A|JB. |

(iii) There exist two non-empty disjoint

subsets A and B, both ciosed in X, such
that X = AUB.

(iv) There exists a proper subset of X, which

is both open and closed in X.

6. (a) Let (R, d) be the space of real numbers with
the usual metric. Show that a connected
subset of R must be an interval. Give
example of two connected subsets of R such

that their union is disconnected.
6.5
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(b) Let (X, d) be a metric space and Y be a subset

(c)

of .X. If Y is compact subset of (X, d), then
prove thatY is closed. 6.5

Let f be a contimuous function from a

compact metric space (X,d,) to a metric space

Y, d,). Prove that f [is'-uniformly continuous
on X.
6.5
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(a) Write your Roll No. on the top immediately
on receipt of this question paper.

(b) Attempt any two parts from each questioh..
(c) All questions carry equal marks.

(a) Let Inn (D) denotes the group of inner
automorphisms on the dihedral group D, of
order 8. Find Inn (D,). 6

(b) Define inner automorphism of a group G

- induced by geG. Then prove that the set
Inn(G) of all inner automorphism of a group
G is a normal subgroup of the group Aut(G)

of all automorphisms of G.

244

P.T.O.
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(c)

2. (a)
(b)

(c)

3. (a)
(b)

Let G be a cyclic group of order n. Then
prove that Aut(G) is isomorphic to U(n). Here
Aut(G) denotes the group of automorphisms
on G and U(n) = {meN : m < n and gcd
(m, n) = 1} is a group under multiplication
modulon. . 6

Prove that every characteristic subgroup of
a group G is a normal subgroup of G. Is the
converse true ? Justify. 4+2

Let G, and G, be finite groups. If (g,,8,)€ G,
®G, , then prove that .

| (8,,8,) = lem(lg,|,]g,) )

where |g| denotes order of an element g in
a group G. 6
Prove that D, and S, cannot be éxpressed as

an internal direct product of two of its proper

subgroups. Here D, and S, denote the
dihedral group of order 8 and the symmetric
group on the set {1, 2, 3} respectively. 3+3

State Fundamental Theorem for Finite
Abelian Groups. Find all Abelian groups (upto
isomorphism) of order 1176. 2+4

Let G be an Abelian group of order 120 and
( has exactly three elements of order 2.
Determine the isomorphism class of (1,

6



()

(a)

7467

Fora group G, let the mapping fromGxG —» G
be defined by (g, a) gag . Then prove that

this mapping is a group action of G on itself.
Also, find kernel of this action and the
stabilizer Gx of an element xeG. 24242 |

Let G={1,a,b,c} be the Klein 4-group. Label

- the group elements 1,a,b,c as integers

(b)

1,_2:3,4 respectively. Compute the
permutation ¢, ¢, and ¢ _induced by the
group element a, b, c respectively under the
group action of G on itself by left

multiplication. 6.5

Let G act on a set A. If a,be A and b=g.a for |
some g € G, then prove that G, =gG g where
G, is the stabilizer of a . Deduce that if G
acts transitively on A then kernel of the

. g -1
action is 1, 8 G, & - 3+3.5

Let Gt be a group acting on a non empty set A
and aeA . Then prove that the number of
elements in orbit containing a is equal to
index of the stabilizer of a. 6.5

3 P.T.O.
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5-(a)‘

- Find conjugacy classes of the quaternion

(b)
(c)
6. (a)
(b)

(c)

State the class equation for finite groups.

group Q, and hence verify the class equation
for Q,. 2+3+1.5
Let p be a prime and P be a group of prime
power order p”for some o > 1. Then prove
that P has a non tn'.vial centre. Deduce that

a group of order p?is an Abelian group.
4+2.5

Let G be a non-Abelian group of order 231.
Then prove that a Sylow 11-subgroup is
normal and is contained in the centre of G.

2.5+4

Let G be a group of order pq such that p < q

and p does not divide (q -1). Then prove that
G is a cyclic group. Hence deduce that a
group of order 33 is cyclic. 4.5+2

Define a simple group. Prove that groups of
order 72 and 56 are not simple.

1+25+3
Let G be a group such that |G|=2n, where
n>3 is an odd integer. Then prove that
G is not simple. 6.5
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Do any two parts from each question.

SECTION 1

1. (@) ()  Let N, be the set of non-negative integers. Define

a relation < on N0 as :

For m, n € Ny, m < nif m divides n, that is,
if there exists k € N, : n = km, then show that

< is an order relation on N

(if)  Draw Hasse diagram for the subset
P={l,2,3, 12, 18, 0} of (N <), whete < same

as defined above. 343



NOB

- (9

(a)

Show that two finite ordered sets P and Q are

order isomorphic iff they can be drawn with identical
diagrams. 6

Let P and Q be ordered sets. Then show that the
ordered sets P and Q are order isomorphic iff there
exist order preserving maps ¢ : P 5 Qand y : Q > P

such that :

(po-\y = idQ and yo@ = idp where idg : S -5 S

denotes the identity map on S given by : idy(x) = x,

VVxE S. 6

Let'(L, A, v) be a non-empty set equipped with two binary
operations A and v. Also L is such that the following laws,
associative law, commutative law, idempotency law and

absorption law and their duals hold. Then show that :
() (@avb)=biff(anb)=aV a be L)

() Defitie a telation < on L as a < b if (a v b) = b

Thett prove that < fs an order relation ot L. 6.5



C 3 ) 7945

(b) Let L and K be lattices and /L = K be a map. Then

(©)

(a)

(h)

{¢)

show that the following are equivalent :

(1) fis order preserving

) (Va b el) favb)>La) v Ab). 6.5

Prove that in any lattice L, we have :

ANV EADA@AY VG AD=xAy

(V x9 y: z € L) ' ‘ 65

SECTION I

Let L be a lattice. Prove that L is distributive if and only

if for all elements a, b, ¢ of L,
(avb=cvbandanb=cnab) impliesa =c 6

Find the conjunctive normal form of /= (x(" + 2)) + 2’

in three variables. Also find its disjutictive normal

form. 6

Prove thal every Boolean algebra is sectionally

mmmlnmmﬂml h



( 4 ) ‘ 7945
(@) Find the prime implicants of xy + xy’z + X’z and form

~ the corresponding prime implicant table. . 63

- (b)  Simplify the following function using the Karnaugh

diagram : . . ' 6.5
xlxzx'3 +x’ 1.xzx':,, +(x; + x’zx'j) () + x5+ x3) + x3(x j X,).

(¢) A motor is supb_lied by three generatOrs; The operation
of each generator is monitored by a correspondihg
switc_hing elemcnt which closes a circuit' as soon as
generator fails. In the electrical monitoring system, a
warning lamp lights up if one or two genera.tors fail.
Determine a symbolic representation as a mathematical

model of this problem. 6.5
SECTION il

() () Prove that number of odd vertices If & psetdo graph

18 eveft,



€ 5) | 7945

(i)  Find the degree sequence for G; verify that the sum
of the degrees of the vertices is an even number.
Which vertices are even ? Which are odd ?

«Vl . O\_'ﬁ
e2 |

uadi } e3 |ed

o5 eb
QO O- Cvs
v
2+4
(b)) ()  What is bipartite graph ? Determine whether the

graph given below is bipartite or not. Give the
bipartition sets or explain why the graph is not

bipartite.




(6 ) 7945

(i) Define isbmorphism of graph. Also label the graphs

so as to show an isomorphism.

33

(¢ () A graph has five vertices of degree 4 and
two vertices of degree 2. How many edges’ does

it have ?

(i)  Why can there not exist a graph whose degree

sequence is 5, 4, 4, 3, 2, 1.

(i) Explain why the graphs are not isomorphic.

A B
60

31312
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(@ ()  Define Hamiltonian graph. Is the graph given
| below Haniiltonian ?.If no, explain. If yes, find a

Hamiltonian cycle,

‘(ii) - Answer the Konisberg bridge problem and

' 6.5
explain.

(b))  Find the adjacency matrices A and A, of the graphs G,

’ " . h
low. Find a permutation matrix P suc
and G, as shown be p

T
that A, = PAP".
ul u2

ul

(\
6.5
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(c)  Apply the improved v,e;sion of Dijkstra’s algorithm to find
the length of a shortest path from A to D in ihe graph

‘shown below. Write steps.

6.5
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(Write your Roll No. clm the top immediately on receipt of this question paper.)
All questions are compulsory.

 Attempt any five parts from question 1, each part carries 3 marks.

Attempt any Mo parts from questions 2 to 6, each part carries 6 marks.

1. (@)  Define a stream cipher. State the three important design

considerations for a stream cipher.
(b)  Briefly describe ShiftRows transformation of AES.

(¢)  What is an Avalanche effect ? Does DES show avalanche

effect 7 Justify yout answet.




(d)

®)

(a)

(b)

(¢)

(1)

(2) e

‘What is an ideal block cipher ? Why it cannot be used

practically ?

| What does SHA stand for in SHA family of hash

functions ? Mention any two hash functions from SHA

| fémily with the length of message digest.

Write the general equation of an Elliptic curve. State the

Discrete Log Problem over the Elliptic curve
Describe requirements of a good digital signature scheme.

Encrypt the message “CRYPTO” using the Hill Cipher with

9 4

the key
5 17

]. What is the decryption matrix ?

Explain the Feistel structure of a block cipher with the help

of a diagram.

Discuss various types of active and passive security

attacks on a communicatioft network.

Use the Euclideatt Algorithm to find the winltiplicative

iverse of 5994 wodulo 20716,



(b)

(©)

(b)

()

(3 ) 7946
Identify GF(2%) with the field of polynomials over
GF(2) modulo m(x) = x8 + x* + X + x + 1. If the
byte b,bgbsb,bsb,b b, represents the polynomial
b’ + bgxS + bxS + bt + b3 + by + byx + by

in the field, find the product :
(01010111) x (10111011).

State Fermat’s Theorem. Is the converse true ? Justify your

answer.

Describe the forward and inverse SubBytes transformation

of AES and the rationale behind it.

Represent the hexadecimal {53} as a bit-string and
a polynomial. Find the inverse of the polynomial

obtained in GF(2%) modulo irreducible polynomial

mx) =28+t B 441,

State the Chinese Remainder Theorem. If x = 23 mod 17

and ¥ = 34 mod 49 then find +.



ny

(@)

(b)

Perform encryption and decryption using the RSA

a!gorithm forp=5,qg=7¢% 7 and M = 12.

Coﬁside; the following Key exchange mechanism known

‘a Elliptic Curve Key exchange

Step | Alice and Bob chooses an elliptic curve =

x3 4 rx + s over the field GF(p), p is prime with

an element G of order n on this curve.

Step 2 : Alice chooses secret @ < 1 and sends a.G, to

Bob.

~ Step 3 : Bob chooses secret b <n and sends 4.G to Alice.

Step 4 : Alice calculateé a.(b.G) = abG.

Step 5 : Bob calculates b.(a.G) = abG. Thus Alice and

Bob have same shared secret key abG.

Suppose Alice and Bob chooses an elliptic curve
2 =x3 + x + 6 over the field GF(11) and G = (2, 7) of
this curve. Alice and Bob selected sectet keys a = 2
b = 3 respectively. Given 3G = (8, 3), find the gecret key

shated by Alice and Bob,
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(¢ Through help of a diagram show how hash function

can be used to achieve integrity, authentication and

confidentiality - using only a Symmetric key encryption

scheme.

(@  Describe the Elgamal Digital signature scheme, that is, its

public/private parameters, signing algorithm and verification

algorithm,

(b)  Write the services provided by PGP. Mention the different
Symmetric key schemes, Public Key schemes and Hash

function used in PGP.

(¢)  Describe a hash function. What is the main functionality
of a hash function in a cryptographic secure communication
mechanism ? Give three applications of hash functions,

clearly specifying role of hash function in each application.
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1. (@ A real root of the equation x> — 5x + 1 = 0 lies in

10, 1[. Perform three iterations of Regula Falsi Method

to obtain the root. 6



(b)

©

(a)

®)

©

(a)

Perform three iteration of Bisection Method to obtain root

of the équation cos (x) — xe* in 10, 1[. 6 |

Discuss the order of convergence of the Secant method

“and give the geometrical interpretation of thelmethod. 6

Verify x=+a is a fixed point of the function

2 X

: h(x) = —(x + -—%) Determine order of convergence of

sequénce p, = h(p, _ ) towards x = Ja. 65

Use Secant method to find root of 3x + sin x)-€e=0

in ]0, 1[. Perform three iterations. v : 6.5

Prove that Newton’s Method is of order two using

X3+ 252~ 3x — 1 =0 and initial approximation x, =2. 6.5

Define a lower and an upper tn'angulaf matrix. Solve the

system of equations :
=3x; +2x; = xy = =12 :
6x; +8x; +x, =1
A% +2xy 4+ 7y = |

by obtainitg an LU decomposition of the coefficient matrix

A ol the above system. 6



(&)

(©)

(a)

C 8 ) 8081

For Jacobi method, calculate Tiper Cjo and spectral radius

of the following matrix :

1 2 | , |
3 4| | 6
Set up the Gauss-Seidel iteration scheme to solve the
system of equations :
4x| +2x2 —x3 =,].
2% +4xy + xy =~1
"x] +x2 +4x3 = l

Take the initial approximation as X© = (0, 0, 0) and do

three iterations. 6

Construct the Lagrange form of the interpolating polynomial

from the following data :

flx) = In x In | It 2 I 3 6.5




®

©

(a)

()

( 4 ) 8081

Prove that for n + 1 distinct nodal points

2%

Xgs Xp5 X9 ... X, there exists a unique interpolating

_polynomial of at most degree n. = 6.5

Find the maximum value of the step size 4 that can be

used in the tabulation of fix) =¢€ on the interval [0, 1]

"so that the error in the linear interpolation of fx) is less

than 5 x 10, | 65

Define the backward difference operator V and the

Newton divided difference. Prove that :

n

= Jn -
= where h=x,,,-x,. 6 |

Construct the divided difference table for the following

data set and then write out the Newtonh form of the

interpolating polynomial :

x = 5 | 4 1

y 10 5 2 10

Fid the approximation of ¢ for ¢ = 3, 6



(a)

()

(¢)

( 5 ) a8t

- Use the form_ula

f(xy) = J (x +hz‘f(xo)

to approximate the derivative of f(x)=1+x+x at
x, = 1 taking A =1, 0.1, 0.001. What is the order of

approximation ? 6

| 1 o
- Approximate the value of I e "dx using the Trapezoidal
| 0

.rule and verify that the theoretical error bound holds for

the same. 6.5

b
State Simpson’s 1/3rd rule for the evaluation of J‘ f(x)dx

and prove that it has degree of precision 3. 6.5

Use Euler’s method to approximate the solution of the initial

value problem.

=)/, x()=0, 1<1<4 taking 5 steps. 6.5
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(Write your Roll No. on fhe top immediately on receipt of this question paper.)
All questions are compulsory.

Attempt any five parts from question No. 1, each part carries 3 marks.

Attempt any two parts from questions 2 to 6, each part carries 6 marks.

1. (@) Use the Rail fence cipher of depth 3 to encrypt “‘there

could be better questions.” Which attack is this cipher

vulnerable to ?

(b))  Explain the term diffusion in the context of a block

cipher. How does DES achieve diffusion ?

(¢)  What is the difference between a stream cipher and a

block cipher ?



(d)

()

@)

(@)

(b)

(')

Describe a trap-door-one-way function.

b

Define Euler totient function ¢. Compute ¢ (105).

Write the order in which _Compres;ioﬁ, Encryption and
Digital , Signatures aré_applied in PGP, while achieving
both Authentication and Confidentiality, clearly state the "

reason behind this order.

Describe "the terms Non-Repudiétion and Ihtegrity in
context of Cryptography. Mention the cryptographic
primitives used to achieve th‘ese.

Decrypt the following message encrypted using playfair

cipher with the key “HER MAJESTY’S SHIP”.

LVHZ CRJE RQQO ZRTY ERGM JRRM XOJR RANF

RMOW ODNM AHYN WDER NMFM.

What does it mean to say that the one time pad is
unbreakable ? If the one time pad is unconditionally

secure, why is it not widely used ?

Describe the key expansion alporithin of DES with the

helpp 6F d diagra



(a)

)

(©

(a)

(b)

( 3 ) s

For any positive integers a and n, show that b = ¢
mod(n) implies ab = ac mod(n). Shqw that converse

is not true in general. In which case-converse is also

'_ true ?

Detenn.ine the GCD of x* + 23 + 522 + 5x + 4 and

X+ 2x2 +3x+ 6 over GF(7).

State Fermat’s Theorem. Use Fermat’s Theorem to reduce -

gl109 (mod 37).

Describe the general structure of the encryption process

in AES with the help of a diagram. Briefly comment

- on the various transformations performed in each round.

Suppose that we have the following 128-bit AES key, |

given in haxadecimal notation :

287E151628AED2AG6ABF7158809CF4F3C

() Express the initial round key (W w; wy wy) as
a State matrix. |

(i)  Given that RC[1] = 01, S(09) = 01, S(CF) = BA, S(4F)
= 84 and S(3C) = EB, where S denotes the S-box,

calculate the first four bytes (wy) for round one.



()

. ~(a)

©®)

(c)

(a)

(4 ) 8086

Def‘me the discrete logarithm of a number b for the
base.a (mod p). Pfove 'that . dloga,p (x) .=' [dldgd,p
() + diog,,, )] (mod ).

Perform encryption- and decryptien using the RSA
algorlthm for p = 7 q-— 13, e=5and M =

The public parameters of Alice consists _of aﬁ elliptic
curve y2 =x3 +x+ 6 over the ﬁeld G_F(ll) and -a.
point G = (2, 7) on thlS curve. Suppose Alice’s prlvate |

key is a = 2. Bob sends the mphertext ((8, 3) (5 9)) to

Alice. Find the message sent by Bob to Alice.
For the elliptic curve y* = x> + x + 6 over the field
GF(11) : |

() Calculate P+ Q., where P = (5,2), Q .= (8, 3).
(ii) Calculate 2P, where P = (5,2).

What is the maximum input size and length of output
of hash function SHA-512. State the value of padding
fleld and length flelds if the message length 18 e

bits. What is the size of word (register used) o

SHA-512 9



(b)

(c)

(.5 3 8086
Alice uses Figamal Digital signature scheme to sign a

document with the parameters : A cyclic group GF(19)

with generator ¢ = 10 and private key X = 16. He

generated the random K = 5, ged (K, 18) = 1 as part
of signing process. If Alice signed the document with

hash value m = 14, claculate the signature.
Define Digital Signatures, its parameters, input/output,
and general working of signing and verification

algorithms. Define three typés of attacks on a Digital

signature.
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Instructions for Candidates

1. Write your Roll No. on the top immediately on receipt of this question paper.
2. Attempt any two parts of each question.
3. All questions carry equal marks.

1.(a) If for a basic feasible solution xz = B~'b to the linear programming problem:

Minimize Z=C

o

xe0
there is some column x; in A but not in B for which z; —¢; > 0 and y;; <0, then

prove that the problem has an unbounded solution.

» -
(b) Let xi=2, x2=3, xs=Il @a feasible solution of the system of equations
‘ 2x1+ x2 +4 xa=11

Ixit xa+5 xs =14
Reduce this feasible solution to a basic feasible solution.

(¢) Solve the following LPP using Simplex method:
Max z =10 x4+ x2 +2 X3
Subject to
Xi+tx1-2x¢ 210
4 x4 % +x <20 .

% i, %2 2 0, x3 Utrestticted.

79t Sulve the lAeat programiiiing problert by Big M ethod.



Maxz=3x,- x
Subject to
L2 Xt x 22
Xit IR 8 3
X2 <4
X1, X220,
(b) Use Simplex method to solve the system of equation:

3 Rd2xs =5

2xXi+ x2 =4

%

(c) Find the dual of the following LPP

Minimﬁze Z= Xi+ x2 +20.%;

subject to xi+ x2 +x3 <9
© 2X1=3a%2 #3x 21
3xi+6x2 4xs =3

X120 x220,x3 unrestricted.

3 (a) Soh‘e the following LPP by Two Phase method.

Max z= Xi+ 35Xz
Subject to
3% +4% <6
Kit+3xs 22

X1, % 20 .

(b) Btate dtid prove Strotg Duality theotens, |
(¢) Apply the prificiple of duality to solve the litiear progratiming problem
Mitilitlize  x = 3% + 2%y

Sibject 6 ) 4 x5 > 1
LIEE RN
¥ | 24 = (U



X <3
xl:xz 2 O

4) (a) Solve the following cost-minimizing transportation problem:

Dy D2 Ds Supply
Oy 6 8 4 14
9)) 4 9 3 12
O3 6 10 15 5
Demand 6 10 15

(b) Minimize the total man hours in the following assignment matrix by Hungarian
method. -

I 1 i 1V 1Y
11 17 |8 16 |20
9 A 12 ..J0 15
3416 115 j1a |10
21 |24 |17 [28 |26
14 |10 (12 |11 |15

mo|o|w|>

(c) Define saddle point of a two person zero sum game. Use the minimax criteria to find
the best strategy for each player for the game having the following pay off matrix/5j &4

Player I
1 =1
: Player | [—2 0 }
3 1

Is it a stable game?

) (a) Solve graphically the game whose payoff matrix is
[ 2 4 11 ]
7 4 2
(b) Use the relation of dominance to solve the game whose payoff mattix is

given by

1 7 3 4
5 6 4 §
7 2 0 34

(¢ Heditee the followlg game (o a Linear Programtting Problem and they,
aoilve by siitiples wiethod,
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