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: Note: 1. This question paper contains two Parts A and B.
a) | Show that congruence modulo m is an| L2 |ICO1| 5M 2. Part-A contains 10 short answer questions, Fach Question carries 2
equivalence relation on integers. ; ;ffarkl;- s ons with an T "
: ; - Part-B contains 5 essay questions with an internal ¢ oice from each unit.
'| b) | Draw the Hasse diagram representing the| L4 (CO4| 5M E:ch Question carries 10 marks,
partial ordering {(a, b)/a divides b} 4. All parts of Question paper must be answered in one place.
on{1,2,3,4,68. 1 2) BL — Blooms Level CO - Course Outcome
UNIT-V
PART - A
a) |Write about  Euler’s circuit and| L2 |COIl SM BL O
Hﬁltlozlan cycle  with  suitable l.a) | Define Proposition. L1 |CO1
examples. . :
: 1.b) | What is the Difference between CNF and PCNF. | L1 | CO1
i i t L4 |CO4| 5
s f"pla;“ DI; Shalgi‘t)}‘l’th?tlab‘l’i‘;{izp?snlng M L.c) |Let Q(x) be the statement “x < 2.” What is the| L1 | CO3
a su . . .
== AT OR ., truth value of the quantification vxQ(x), where
the domai ists of all real bers?
Show step by step Kruskal’s algorithm on the | L4 | CO4| 10 M < o'mam_ COI]S-I edoid L el
. ) 1.d) | Explain existential quantifier. L1 |CO2
following connected weighted graph and also :
loulate sum of the weights of the minimal l.e) | Define non-homogeneous recurrence relation of | L2 | CO3
€ —— & order three.
APARHINE fuee: 1.0 |Solve a, +4a,, = 2. L2 | CO3
1.g) | Write Warshall's Algorithm., L2 [COd
1.h) | Define a Directed Graph. L1 | CO4
1.i) |Define a minimal spanning tree. L1l [ CO4
| 1j) |Define Hamiltonian Graph. L1 CO4 |
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PART -B

BL

CO

Marks

UNIT-1

a)

Show that the proposition (p V—q) A
(—p V —q) V q is a tautology.

12

COl1

5M

Show that the premises “A student in this
class has not read the book,” and
“Everyone in this class passed the first
exam” imply the conclusion “Someone
who passed the first exam has not read
the book.”

L3

CcOo2

b)

For any three propositions p, ¢, I, prove
that [((pvg) =1l e [p-> @ rlp~>1)]

L3

CO2

5M

OR

b)

Use contraposition show that if x and y
arc integers and both xy and x + y are
even, then both x and y are even.

1.2

COl

5M

Construct the truth table of the compound
proposition

evV-q@—(pAq)

L2

COl1

5M

UNIT-11I1

b)

Obtain CDNF of the following
P—{((F Q)& Qv F))

L3

CO2

5M

Solve the recurrence relation
a, =7a,_4 — 10a,_, witha, = 2 and
aji= 3.

L2

CO1

5M

UNIT-II

Consider these statements “All lions are
fierce”, “Some lions do not drink coffee”,
“Some fierce creatures do not drink
coffee” Let P(x), Q(x), and R(x) be the
statements “x is a lion”, “x is fierce” and
“x drinks coffee” respectively. Assuming
that the domain consists of all creatures
express the statement in the argument

using quantifiers and P(x), Q(x) and R(x).

L2

COl1

5M

b)

Solve the recurrence relation of
Fibonacci  sequence  of  numbers
Foip= Far + Fa for n>0 given that F=0,
Flzl.

L3

CO3

5M

OR

a)

Solve the following recurrence relation
using characteristic roots.
a, +4a,; + 6a,,=0and ag=2,a, = -7.

I3

CO3

5M

b)

Solve
an = gan—l + 26an_2 - 24an_3 ES 0,
for n> 3.

L3

co3

5M

b)

Assume that “For all positive integers n,
if n is greater than 4, then n® is less than
2™ is true. Use universal modus ponens
to show that 100% < 2100.

L3

CO2

5M

UNIT-1V

OR

Draw the Hasse diagram representing the
positive divisors of 36.

L2

COol

5M

b)

Show that the following graphs are
isomorphic.

L4

CO4

5M
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PRASAD V POTLURI SIDDHARTHA INSTITUTE OF TECHNOLOGY
(AUTONOMOUS)
Il B.Tech- II Semester- Regular Examinations- DECEMBER 2024

DISCRETE MATHEMATICS AND GRAPH THEORY
Duration: 3 Hours Max. Marks :70

PART-A
1.a) Define Proposition. [CO1-L1] [2M]

Ans: A proposition is a declarative sentence that can be either true or false.

1.b) What is Difference between CNF and PCNF? [CO1-L1][2M]
Ans:

: CNE ) Lon - PCNF

CNF- Conjunctive Normal Form PCNF- Principal Conjunctive Normal Form

An equivalent formula consisting of | An equivalent formula consisting of
conjunctions (product) of elementary conjunctions(product) of maxterms only is called the
sums. principle conjunctive normal form of the formula

Ex: (~PVQ) A (QVR) Ex: (PV~QV~R) A (PV~ QVR) A (~ PV~ QV~R).

1.c) Let Q(x) be the statement “ x<2.” What is the truth value of the quantification
vxQ(x), where the domain consists of all real numbers? [CO2-L1][2M]

Ans: Q(x) is not true for every real number X, because, for instance, Q(3) “342 ” is false. That is,x=3
is a counterexample for the statement Vx Q(x).
Thus Vx Q(x) is false.

1.d) Explain existential quantifier. [CO2-L1][2M]

Ans: an existential quantifier is a logical constant that indicates "there exists", "there is at least one",
or "for some",

It is denoted by the symbol ; 3

-

1 e) Define non-homogeneous recurrence relation of order three. [CO3-L2][2M]

Ans: A non-homogeneous linear recurrence relation is an equation that relates a sequence of numbers
where each term is a linear combination of previous terms, plus a function of the index (particular
solution).
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1.1) Solve a, +4a,, = 2. [CO3-L2][2M]
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1.g) Write Warshalls Algorithm. [CO4-L2][2M]
Given the adjacency matrix A of a siml le di .
ed , o]
path r.atrix P(orA +); ple digraph, then the following steps produce
Step 1: PIO1 — 4
Step2: K =}
Step 3:/ = |

K]

_ K= B Tl
Step 4: pij = P;; ] \% (.p!-[k J/\ pg( ”)Vj = 1 ton

StepS:i=i+1. Ifi =< n, goto stepd

Step6: K =K +1 IfK <n, goto step3; otherwise, stop,

1.h) Define a Directed Graph. . [CO4-L1][2M]
Ans: A directed graph, also known as a digraph, is a graph where the edges have a direction, usually
indicated by an arrow.

L.i) Define minimal spanning tree. [CO4-L1][2M]

Ans: A minimum spanning tree (MST) is defined as a spanning tree that has the minimum weight
among all the possible spanning trees.

1.j)Define Hamiltonian Graph. [CO4-L1][2M]

Ans: A Hamiltonian graph is a graph that contains a Hamiltonian cycle/circuit. A Hamiltonian cycle (or
Hamiltonian circuit) is a cycle in a graph that visits every vertex exactly once except starting vertex and

ending vertex.
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5 (b) Use contrapositive show that if x and yare integers and both Xy and x+y are

even then both x and y are even. T
Ans: ( /J

Proof of the Contrapositive

Assume that at least one of = ar ¥ is odd.

We need to show that either z + y or 2y is odd.

Case 1:  is odd and y is even

o letz = 2m + 1 (odd) and y = 2n (even), where 112, 12 are integers.

1. Sum :cr -+ 4
c+y=02m+1)+2n=2m+2n+1=2(m+n)+1
Since = + y is of the form 2k + 1, it is odd.

2. Product zy:
zy = (2m + 1)(2n) = 2(2mn + n)
- Since zy is divisible by 2, it is even.
Thus, when z is odd and y is even,  + v is odd.

Case 2:  is even and y is odd
e Letz = 2m (even) and y = 2n + 1 (odd), where m, 1t are integers.
1. Sumz + -
c+y=2m+(2n+1)=2(m+n)+1
Since  + ¥ is of the form 2k + 1, it is odd.
2. Product zy: |
zy = (2m)(2n + 1) = 2(2mn + m)

Since zy is divisible by 2, it is even.

N
Thus, when z is even and y is odd,  + ¥ is odd.




Case 3: Both = and y are odd
o Lletx = 2m + 1 (cdd) and y = 2n + 1 (odd), where in, 12 are integers.
1. Sumx -+ ¥
z+y=02m+ 1)+ 2n+1)=2m+2n+2=2(m+n+1)
Since z + y is of the form 2£, it is even.
2. Product -
gy =2m+1)2n+1)=4dmn+2m+2n+1=22mn+m+n)+1

Since wy is of the form 2k + 1, itis odd.

Thus, when both = and y are odd, Ty is odd.
Conclusion of Contrapositive
We have shown that:
» [f atleast one of & or y is odd, then eithérz + y or zy is odd.
This proves the contrapositive of the original statement. Therefore, the original

statement is true:

"If both zy and  + y are even, then both z and y must be even.”
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S—E-I: Glive"n,

a"n = q‘a-'n_ﬂ—-(oa.fn_l

=3 O..fn ~— q'a,-n_,‘ . IOQ“'TI—D__ e ) -—)@

¢ yecutience 7eclotiom.

Tt is a I ovdev frwmoae"neou

C hasactevistic c%um-%ioﬂ is,
Y*_3v+10 =0
(4-2)(7-5) =0
[Y=2,5 ]
C havacterighc voote ave veal and distinet
Greneval golution is,
i )
a—n = O(;(l] e 0(1(5] ———}@

Put m:=0 in @
® = o, (2+ %, (5)°= a,

Civen, a,22 =y o rogc2

KQ:Z’dl
Put n-1 in @
1 I = -0l
@ :} Ml(l) +“1(5) = A af’. 2 _.;.
z2-Z
Guven, 0,23 =y L&, +50y -3 _6-F
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6 b) Solve fho veeuriency velotion o Fbonacci sequence of mumhers
'Fh—m_ 2 Ty T e 'fm Nno 3i\la’n that o, = 0, £ 2]
(Y
S,:?:l: Griven,
_F'n”— - "F'n-'rijr a

=4 '_Frnq-:;_ B NFTIJHFFFTI 50— Q)
T+ is o I ovder homogeneows Yecyrend Yelation

C havactevishe e;i(uo."a'm\ 15,

*-1-1=20
g = ﬂIJl—q(I)(nll
20)
1 - L+ 15 - \+]ig P [
= P

The choracterishe voote ove vea) and distinet

Gieneral Solution is:

o= (2] (2] @

Giiven £, =0 =y o+ 0y =

(xl:"‘xi
Pd"}" BnEl ]T\ @ | g = of
“I"J-B o (l_ﬂ.:i—l.s) ~ ‘Fj
@ 5 A= IERE
oy _Jr
E‘_L + &Oﬂ! ——D; ’”g’_‘xl = |
G’]i\r’e'ﬂ 'F|':‘ =7 p 2



(OR.)

+ o) Solve The jfol!owrnq yecuyrence velation usihg chavactetistic voots
Qy * Qn T 6oy, 20 and 0o, a,=% (W

Sol.  Guiven,

e
—

@ s JL ovde ho mogentows e LUNYeNnce ~Yelation

Characterishc Eclrua;’a’on 6

P+43+6 = 0
B [T —y * Jig-24
2.(1} =
3= "kl }’( 3+ i2i)
s Tz
¥= =9.%]8
The chavacterishic voots ave complex
Geveral solution is
ALy = oy (1) 4 o (1)

-2 412 X +ig :’B(Cosﬂw‘?sine) | -2-J21 | B
) T J_-—_r—; L=-2 3= du+2 =16
y:Dn e y:-a Toun@:%

tan § :% Y O - 35
e - -35




n: ~2+l2i o 05 (cos(-35 + isin (—35"))

T, = —2-131 - 13 (cos(35%) + igim (35%)

ay = % (0™ 4 ey (3)"
; " b ! ﬂ
= g, [ﬁ (ws(.g.f;")) +151M (-36“))]

Q T . N
T Ay [ﬁ(CoSBS + 1511\35")}

O"Y\.: &TF:OC‘ [(ﬁ)-n(COS'n=350—-‘|Si’Y},'“’35&)J
! xy [(ﬁ)n(ms 1n.35° + 157N 35"“)]

Let  coeff o cos  be K, # @2- .
SW‘L he HQ— B (@r (O(‘I—-:x)) |
5im -n‘?ﬁ?’f'))

Ay = (ﬁ)ﬂ( K,-( cos M35°) t Ky (

Giiven G 2
1

Q, = o
o 6.035 t K. s‘m.o=3‘5]
Pk n=o o 3 = () K080 >
SRRV, Ky (0))
\4{‘ =]

Pt m-1 =y -3 - (13) [kl.cog,maB)o.:{ Ky - sin{uafa)“]
-3 =D [ 9_(0-8I) -+ Kl(g.giﬂ]
-3 - 2 [;1{'*.:10) + Hl(f‘i]] N
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An - (J‘dﬂ—)’n [2a cos(n.35°) =% S (M 35)

T b Solve an-90,. + 260y, 24an 370 Jor m23 (W ’

Sl Griven,

Apn -9aqn., T 260y, -2q_a,n_3 20— M
@ 15 o T ordey hcfmegefneom Tecuvrence velohon
Chaxacteristic E(lu.o,jcio‘n is
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8 (a) Draw the Hasse diagram representing the positive divisors of 36.

(5m)

D3g=1{1,2,3,4,6,9,12,18,36 }
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9 (a) Show that congruence modulo m is an equivalence relation on integers.
~ We know that the relation "'congruence modulo m", say R, is defined as 67\4 1)
xRy&x—y is divisible by m.
For reflexive: Clearly x—x is divisible by m

=xRx
So, R is reflexive.

For symmetric:

Let (x,y)ER

=>xRy=x—Yy is divisible by m
=y—x is divisible by m

=yRx

So, R is symmetric.

For transitive:

Let (x,y)€R and (y,z)ER
=xRy and yRz
=x—y=klm and y—z=k2m
sx—z=(k1+k2)m

=x—z is divisible by m
=(x,2)ER

So, R is transitive.

Hence, R is an equivalence relation.

9 (b) Draw the Hasse diagram representing the partial ordering {(a, b)/a

b}on {1,2,3,4,6,8,12}. (5’7\4 /

Ans: Partial ordering {(a, b)/a divides b}.on {1,2,3,4,6,8,12}.

divides
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10 (a) Write about Euler’s circuit and Hamiltonian cycle with suitable examples.

Euler’s circuit: An Euler circuit in a graph is a circuit which includes each edge exactly once. ( ?‘7/ '

Note: A connected graph has an Euler circuit if and only if every vertex has an even degree.

Examples of Euler Circuit

The graph below has several possible Euler circuits. Here’s a couple, starting and ending at vertex A:

ADEACEFCBA and AECABCFEDA. The second is shown in arrows.

D
A B

B~ C~ F

Hamiltonian cycle/circuit: A Hamilton cycle is a cycle in a graph which contains each vertex exactly

once.

Example: Hamilton Circuit

A

= Graph (a) shown has
. £ Hamilton circuit

D E F - A!B!DJG:E:H,F,C,A.
w Graph (b) shown has
Yoy Hamilton circuit
A B C E D,A.
A B )
C

(b)




10 (b) Explain DFS algorithm to find spanning tree of a graph with suitable

example. ( 5’ s )

Steps of the DFS Algorithm to Find a Spanning Tree

1s
2
3.

Start from an arbitrary vertex v (root,of the spanning tree).
Mark v as visited.

Explore all adjacent vertices of v.

« If an adjacent vertex 1 has not been visited, include edge (v, u) in the

spanning tree and perform DFS recursively on .

Continue this process until all vertices are visited.

Stop when all vertices have been explored. The edges visited during the

traversal form the spanning tree.

Example: Graph 5
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