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Note: Answer any FIVE full questions, choosing
ONE full question from cach module.

Module-1
Define tautology. Verify that [p = (q = )] —=[(p = q) > (p-»r)]| 15 a tautology. (06 Marks)
If statement  has truth value 1, determine all truth value assignments for the primitive
statements p. r, s for which the truth value of the statement

Q= [(Opvr) A WA Ts— (Trag)] is | (04 Varks)
Establish the following logical equivalence

I pvqv((lpagariepvgvr

Mipvig2>2(pagan]<paqg (10 Marks)

OR
Establish the validuy of tollowing arguments :

H(pvq)—=2(ras) u-—r

r—1 (ras)y—=(pvi)
Al q-—(uns)
op L

q
~p (08 Marks)

Let p(x), g{x) and r(x) be the lollms g open statements :

pix) x = Tx= 10=0g(x):x = 2x=3=0rx) <0

Determine truth or falsity of following statements, where universe 15 all integers. 1f a

statement 1s false, provide a counter example.

DEX[p(x) = nx)] ) Ix[qix) = rix)]

i) Ax{qix) = rix)]  w) 3Ix | pix) = x| (08 Marks)

Prove that for all integers ‘k" and *i', if 'k" and ‘" are both even. then k = | is even and k! 1s

even by direct proof. (04 Marks)
Module-2

Define well ordering principle and prove the following by mathematical induction :
n2n-Hi2n+1)

N3 +5 44 (2n-1) = 3
-~ 2n +
ii)193+ 294+ 3854 —=——+n(n+2)= “-‘L'l("“ L (12 Marks)
Al
Find thc coefficients of
i Xy in the expansion of (2x — 3 v’
i a'b'e’d in the expansion of {a + 2b— 3¢ + 2d + )" (08 Marks}
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OR
A women has 11 close relatives and she wishes 1o invite 5 of them 1o dinner. In how many
ways can she mvite them in following situations,
1. There is no restriction on the choice
1. Two particular persons will not attend separately

it Two particular persons will not attend together. (06 Marks)
How many arrangements are there for all letters in word SOCIOLOGICAL? In how many of
these arrangements all vowels are adjcent. (06 Marks)
; : " 5 Wn - ‘\1
For the Fibonacci sequence Fo. Fy. Fy . . prove that F, = '};’ {] ‘,J— ‘[l ;/g ’ ]
Vv — ;
(08 Marks)
Module-3 -

B.L.D.E. ASSOCIATION'S
VACHANA PITAMAHA
DR.P. G MALAKATTI
‘COLLEGE OF ENGINEERING

LIBRARY, BiJAPLR.

e

Lt A=1{1,2,3,4andB=}1,2 3, 4,56],

1. How many functions are there from A to B?
i How many of these are one to one”?

it How many are onto”

wv. How many functions are there from B to A?
v, How many of these are onto?

vi. How many are one to one? (06 Marks)
A computer operator is given a magnetic tape that contains 500,000 words of four or fewer
lowercase letters. Can it be that the 500,000 words are all distinet? (06 Marks)
let I g h: R — R where fix) = X, glx) = x + 5 and hix)= Vx* +2. Show that
(hog) ol = ho(gol). (08 Marks)
OR
Let A= {1.2 3 6 9 I8 and define R on A by xRy if “x divides y”, Draw the Hasse
diagram for the poset (A, R). Also write the matrix of relation. (08 Marks)
Consider Poset whose Hasse diagram is given below, Consider B = {3, 4, 5}. Find upper and
lower bounds of B, least upper bound and greatest lower bound of B. (04 Marks)
(Ref. Fig Q6(b)).
<
e +
4 &
3
| -
Fig.Q6(b)

let A= 11,23 4,5 =41, 2 3 4. 5, and define R on A by (X1, y1) R (xa. y2) if
X1ty =R +¥

1. Venfy that R is an equivalence relation on A

it Determine equivalence classes [(1, 3)), [(2.4)] and [(1, 1)]

. Determine partition of A induced by R. (08 Marks)
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h le-4

In how many ways can the 26 letters of English alphabet be permuted so that none of the
patterns CAR., DOG, PUN or BYTE occurs? (08 Marks)
There arc cight letters to eight different people to be placed in cight different addressed
envelops. Find the number of ways of doing this so that atleast one letter peis 1o right
person. (04 Marks)
Four persons Py, P, Ps, P. who arrive late for a dinner party find that only one chuir at cach
of five table Ty, Ts. Ts. Ty and T< 1s vacant. Py will not sitat T, or Tz, P> will not sit a1 T Py
will not sit at T: or T, and Py will not sit at T, or Te. Find the number of ways they can
occupy the vacant chaws (08 Marks
OR
Find the recurrence relation and the initial condition for the sequence 0. 2, 6. 12, 20. 30, 42,
.. .. Henee find the general term of the sequence. (10 Marks)
Ifas =0, a, = 1. a;=4 and a; = 37 satisfy the recurrence relation a,.2 = bay + ca, = 1) for
n = 0. determine the constants b and ¢ and then solve the relation for ay, (10 Marks)
Module-3
Merge sort the hist -1, 7,4, 11,5, -8, 15, -3, -2, 6. 10.3. (06 Marks)
Determine whether the following graphs are isomorphic or not, (06 Marks)
", Us Uy Vi
Vi </T—-}"»| R
\
. 5y @ ;,
Fig QN b)
Deline the following with an example to each.
1) Simple graph 11) Complete graph iit) Regular graph iv) Spanning sub graph v) Induced
subgraph vi) Complete Bipartite graph vii) Tree vin) Complement of graph. (08 Marks)
OR
Define trail, circuit, path, ¢yele. In the graph shown below determine © [RefQ10(a)]
1. awalk from b te d that is not a trail
i, b-d trail that is not a path
m. apath frombtod
iv. a closed walk from b to b that is not a circunt
V. acircuil from b to b that is not ¢ycle
vi. acycle formbto b (10 Marks)
'
o |
o ( i ,|' \lq
4
Fig Q10(a)
Define optimal tree and construct an optimal tree for a given set of weights 14, 15, 25, 5. 8.
16}. Hence find the weight of optimal tree (06 Marks)
Prove that n a graph. The sum of degrees of all vertices is an even number and is equal to
twice the number of edges in the graph. (04 Marks)

LU L
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Time: 3 hrs. Max. Marks: 100

Note: Answer any FIVE full questions, choosing one full question from each module.
Module-1
1 a.  Define proposition, tautology, contradiction. Determine whether the following compound

statement 1s a tautology or not.
ipvq)—=rie |=r—=>~(pvq)l (06 Marks)
b. Using the laws of logic, show that (p > q)A[—gAa(rv—=q)]< —(qvp) (07 Marks)
€. Establish the validity of the following argument
VX, p(x) v q(x)
3x, —p(x)
VX, =q(x) v r(x)
Yx, S(X) = —r(x)

' 3X, —s(x)
(07 Marks)
OR
a. Define converge. inverse and contra positive of a conditional. Find converse, inverse and
.’y N p i -
contra positive of ¥x, (x> 3) — (x> 9), where universal set 1s R. (06 Marks)

b. Test the validity of the following arguments:
1) If there is a strike by students, the exam will
be postponed but the exam was not postponed.
.. there was no strike by students.
i) If Ravi studies, then he will pass in DMS.
If Ravi doesn’t play cricket, then he will study.
Ravi failed in DMS.
*. Ravi played cricket

(06 Marks)
¢. Define dual of logical statement. Write the dual of the statement
(pvToAa@VvE)virasaT)). (02 Marks)
d. Letp(x):x=20
q(x) :x* 20 and r(x) : x* —=3x—4=10
Then, for the universe completing of all real numbers, find the truth values of :

1) 3x{p(x) A q(x)] 1) Yxip(x) = q(x)} i) Ix{p(x) A r(x)| (06 Marks)
Module-2
; n, A ~F ! . ;
a. Prove that for any positive integer n, ZT o I, denote the Fibonacci number.
= = —

(06 Marks)

b.  How many positive integers n can we form using the digits 3. 4.4, 5. 5. 6. 7 if we want n to
exceed 5,000,000? (07 Marks)

(]

Determine the coefficient of a’b’c’d” in the expansion of (a + 2b— 3¢ +2d + 5)'°. (07 Marks)
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peed

A committee of 12 is to be selected from 10 men and 10 women. In how many ways can the
selection be carries out if

1) There are no restrictions

1) There must be six men and six women

i11) There must be an even number of women. (07 Marks)
Determine the number of integer solutions of X, +X, + X, +x, =32 where x;2 0, | <1<4.
(07 Marks)
Module-3

IfA=11.2.3,4, 5} and there are 6720 injective functions f: A -B, what is |[B|? (03 Marks)
Let m, n be positive integers with 1 < n < m then prove that,

sim+1Ln)=s(mn-1)+ns(m,n) (05 Marks)
Iff: R — R defined by fix) = x°, determine whether the function is one-to-one and whether
it is onto. If'it 1s not onto, find the range. (06 Marks)
Let A= 11,2 3 4, 5 x {1, 2, 3, 4, 5} and define R on A by (x;. 1) R (x2. ¥2)
IFX) + v = X3+ va, verify that R 1s an equivalence relation on A, (06 Marks)
OR

If f: R =R defined by fix) = x°, determine whether f is invertible and if determine £
(05 Marks)
Define the relation R for two lines {; and & by &, R £ if {; is perpendicular to f5. Determine
whether the relation is reflexive, symmetric, antisymmetric or transitive. (05 Marks)
Let A= 11,2 3 6.9 18 and R on A by xRy if x|y. Draw the Hasse diagram for the
posei(A, R). (05 Marks)
For A = !1,2, 3, 4. let Ri(1, 1) (1, 2) (2, 3) (3, 3) (3, 4)} be a relation on A. Draw the
directed graph G on A that is associated with R. Do likewise for R*, R*. (05 Marks)

Module-4

Determine the number of positive integers n where 1 < n < 100 and n is not divisible by
2, 3o0r5. (06 Marks)
How many derangements are there for 1. 2, 3, 4 and 5? (07 Marks)

Solve the recurrence relation 2a, ,=a, ,+2a _,-a,,nz20,a=0a=1a=2
(07 Marks)

OR
In how many ways can the 26 letters of the alphabet be permuted so that none of the patterns
car, dog, pun or byte occurs? (06 Marks)
Find the root polynomial for 3 = 3 board using the expansion formula. (07 Marks)

The number of bacteria in a culture 1s 1000 (approximately) and this number increases 250%
every two hours. Use a recurrence relation to determine the number of bacteria present after
one day. (07 Marks)

20f3
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Module-5

9 =2 Show that the graphs Fig.Q9(a)(i) and (ii) are isomorphic.

10

O~

‘6 (-

) !
-2 cL 4
Fig.Q9a)(1) FFig.Q9%a)(1) (06 Marks)

Let G = (V. E) be an undirected graph or multigraph with no isolated vertices. Then prove
that G has an Euler circuit if and only 1t G 1s connected and every vertex in G has even

degree. (07 Marks)

Construct an optimal prefix code for the symbols a, b, ¢. d. e, . g. h. 1. j that occur with

respective frequencies 78, 16, 30. 35, 125, 31. 20, 50. 80, 3. (07 Marks)
OR

Let G =(V, E) be a connected undirected graph. What is the largest possible value for [V] if

|[E| =19 and deg(v) = 4 forall v e V? (06 Marks)

For everytree T =(V, E) if V| = 2, then prove that T has atleast two pendant vertices.
(07 Marks)

For the tree shown in Fig.Q10(c), list the vertices according to a preorder and a postorder
traversal.

Fig.Q10(c) (07 Marks)

¥ K ok ok K
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Note: Answer any FIVE full questions, choosing ONE full question from cach module.

I ®

Module-1
Simplify the switching network shown i Fig Ql(a)

W SRR S
Y L__—\%.— L..-—-Y

—

Fig Qlia) (08 \lnrw
Give a direct proof of the statement “In is an odd integer then n" is also an odd integer”,
(04 Marks)

Let p(x), g(x) and r(x) be open statements that are defined for the given universe. Show that
the argument

vx.[pix) = qix)]

vx.1q(x) > 1(x)]

S3x[pix) = r(x)] s vahd (04 Marks)

OR

Define tautology. prove that for any proposition p, q. r the compound proposition
[ip —q) Alq —1)] —>(p-+q) 15 & tautology using truth table, (05 Marks)
Show that RVS follows logically form the premises CVD, CVD— ~H. —H — (A A —B)
and (A A —=B) — (RVS). (04 Marks)

Using rules of inference shows that the following argument is valid.
XX v gix )] A 3x-pix) A
XU v x| A VX [S(x) = —r(x)]

23X, 8(X) (07 Marks)
Module-2
Prove by mathematical induction that, for all integers n = I, | + 2 + 3 +
|
n=_—n(n+ 1) (06 Marks)

The hbomcm numbers are detined recursively by Fp =0, F, =1 Fo=Fp = Fpoforn 2 2.
Evaluate Fz to Fyy (04 Marks)
Inthe word S, O, C, LO, LLO. G LC A L

1)  How many arrangements are there for all letters?

1) In how many of these arrangements all vowels are adjacemt? (06 Marks)
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Obtain the recursive definition for the sequence {a,} in each of the following cases,
(a,= 5n (i)a,=6" (W)a,=n (06 Marks)
Find the cocfhcnem of

i x \ in the expansion fo (2x - 3v)

i) xin the expansion of x’ (1 - 2x)" (04 Marks)
A message s made up of |12 different symbols and is to be transmitted through a
communication channel. In addition to the 12 symbols, the transmitter will also send a total
of 45 blank spaces between the symbols, with atleast 3 spaces between each pair of
consecutive svmbols. In how many ways can the transmitter send such & message?(06 Marks)

Module-3
Let £: R — R be defined by

3x-=5 for x>0 _ ; ‘ . ,
Rx)=+4 . A determine RO), (-1), F(O), ' (+3), £ (-5, 3] (08 Marks)
-3x+1 forxz0
Define an equivalence relation. Write the partial order relation for the positive divisors of 36

and write its Hasse diagram (HASSE ). (08 Marks)

OR
Consider the function ') R—+R defined by fix)=2x + 5. Leta functiong : R — R be

defined by g(x) = %(x —35). Prove that g is an mverse of’ (03 Marks)

State Pigeonhole principle. Let ABC is an equilateral triangle whose sides are of fength 1em
each. If' we select 5 points inside the triangle, prove that atleast two of their points are such
that the distance between them is less than '3 cm (05 Marks)
IFA= 11,2 3.4} R and S are relations on A defined by R = (1. 2). (1 3). (2. 4), (4, 4))

S ={(1, 1), (1, 2). (1.3), (L. 4), (2. 3). (2. 4)} find RoS, SoR, R’. § and write down their

matrices. (08 Marks)
Module-4

Find the number of derangements of 1, 2, 3, 4 list all such derangements (04 Marks)

Determine the number of integers between 1 and 300 (inclusive) which are divisible by

exactly 2 of 5.6, 8. (06 Marks)

The number of virus affected files in a system is 1000 (to start with) and this increases 250%
every two hours. Use a recurrence relation to determine the number of virus affected files n
the system afier one day”? (06 Marks)

OR
Five teachers Ty, Ts, Ts, Ty, Te are to be made class teachers for S classes €y, Gy, Cy, Cy, Cs
one teacher for cach class T, and T: donot wish become the class teachers for C, or Cs, T
and Ty for Cior Cs and T< for Csor Cs or Ce. In how many ways can teachers be assigned

the work (without displeasing any teacher)? (08 Marks)
Solve the recurrence relation,
a, = Aa,—ap2). Wheren=2and ag=1,a;, = 2, (08 Marks)
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Module-5

a, Prove that the undirected graph G = (V, E) has an Fuler circuit if and only if G is connected

and every vertex in G has even degree. (08 Marks)
b, Define binary rooted tree and Balanced tree. Draw all the Spanning trees of the graph shown
m Fig 9(b)

Fig Q9(h) (08 Marks)
OR
2. Define, with an example for each Regular graph, complement of a graph, Euler trail and
Euler circuit and complete graph. (10 Marks)
b.  Apply Merge sort to the list
6.2,7.3.4,9.5 1.8 (06 Marks)
Xéer
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GBESIGHENE

USN 15CS36
Third Semester B.E. Degree Examination, Dec.2018/Jan.2019
Discrete Mathematical Structures
Time: 3 hrs. Max. Marks: 80
Note: Answer any FIVE full questions, choosing
ONE full question from each module.
Module-1

1 Define Tautology. Verify the following compound proposition is a tautology or not :

pvg =t} e i~r—=~(pvagl. (04 Marks)
Check whether the following argument is valid or not :

If I study, then I will not fail in exam.

If T do not watch TV in the evenings, then I will study.

| failed in exam.

o I must have watched TV in the evenings. {04 Marks)
Define : i) open sentence 1i) quantifiers. Write the following proposition in symbolic form
and find its negation : “All integers are rational numbers and some rational numbers are

integers™. {04 Marks)

Give a direct proof of the statement, “For all integers K and £, if K and { are both even then

K + L is even and K{ is even™. (04 Marks)
OR

Define converse, inverse and contra positive of an implication. Hence find converse, inverse
and contra positive for “vx, (x > 3) —» (x* > 9)" where universal set is the set of real

numbers R. (04 Marks)
Using the laws of logic, prove the following logical equivalence :
[(~pv~q)A(Fpvp)aP]e=pa=q. (04 Marks)

What are bound variables and free variables. Identify the same in each of the following
CXPTEssI0nNs

i) Wy, 3z {cos(x + y) = sin(z — x)}

i) Ix, Iy {(x° —y) =z}, (04 Marks)
Verify the validity of the following argument : If a triangle has two equal sides, then it is
isosceles. If a triangle is isosceles, then it has two equal angles. The triangle AABC does not

have two equal angles. .. AABC does not have two equal sides. (04 Marks)
Module-2

Prove by mathematical induction 1.3+ 24+ 35+« 4+ n(n+2)= n(n+ ligEn +7) .

(04 Marks)
Give a recursive definition for each of the following integer sequence :
i)a,=Tn ia,=2—(-1)'fornez". (04 Marks)
How many positive integers can be formed by using the digits 3, 4, 4, 5, 5, 6, 7 to exceed
5.000,0007 (04 Marks)
In how many ways can we distribute seven apples and six oranges among four children so
that each child receives at least one apple? (04 Marks)
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OR
_ : . S F K
If Fy, Fy, Fa, - - - - are Fibonacci numbers, then prove by induction Z IE_'I =1- ;’2 .
i=I

{04 Marks)
A sequence {ap} 1s defined recursively as a; = 7 and a, = 2a,; + | for n 2 2. Find a, in
explicit form. (04 Marks)
Find the number of arrangements of all the letters in the word “TALLAHASSEE"”. How
many of these arrangements have no adjacent A’s? (04 Marks)
Find the coefficient of ‘W]XE}’ZZ in the expansion of (2w — x + 3y — 22)%, (04 Marks)

Module-3

Define Cartesian product of two sets. For any three non-empty sets A, B and C. Prove that
Ax(B-C)=(A=xB)-(Ax=C). (04 Marks)

Let fand g be two functions form R to R defined by fix) = 2x + 5 and g(x)= % Show

that fand g are invertible to each other. {04 Marks)
Define partition of a set. If R is a relation defined on A = {1, 2, 3, 4} by R = {(1, 1), (1, 2),
(2, 1),(2,2),(3,3), (3, 4), (4, 3), (4, 4)}, determine the partition induced by R. (04 Marks)
Let A= {a, b, e}, B=P(A) where P(A) is the power set of A. Let R be a subset relation on
A. Show that (B, R) is a POSET and draw its Hasse diagram. (04 Marks

OR
Let R be an equivalence relation on set A and a. b € A. Then prove the following are
equivalent :

i) a e [a]

i) a R b iff [a] = [b]

iii) if [a] M [b] = ¢ then [a] = [b]. (04 Marks)
Prove that a function f: A — B is invertible iff it is one — one and onto. (04 Marks)
State Pigeonhole principle. Show that if any seven numbers from | to 12 are chosen, then
two of them will add to 13. (04 Marks)
Show that the set of positive divisors of 36 is a POSET and draw its Hasse diagram. Hence
find its 1) least element ii) greatest element. (04 Marks

Module-4
Out of 30 students in a hostel, 15 study history, 8 study economics and 6 study geography. It
is known that 3 students study all these subjects. Show that 7 or more students study none of

these subjects. {04 Marks)
Define derangement. Find the number of derangements of 1, 2, 3, 4. List all these
derangements, (04 Marks)
Find the rook polynomial for the following board [refer Fig.(Q7(c)] :
A ||
(% -
| B
SEEEETH
Fig. Q7(c) (04 Marks)

The number of virus affected files in a system is 1000 (to start with) and this increases 250%

every two hours. Use a recurrence relation to determine the number of virus affected files in

the system after one day. (04 Marks)
20f3
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OR
Determine the number of integers between 1 and 300 (inclusive) which are
i) divisible by exactly two of 5, 6, 8 i) divisible by at least two of 5, 6, 8. (04 Marks)
In how many ways can be integers 1, 2, - - - -, 10 be arranged in a line so that no even
integer is in its natural place. {04 Marks)

An apple, a banana, a mango and an ornage are to be distributed to four boys B, B,, Bs, Ba.
The boys B, and B: do not wish to have apple, the boy B; does not want banana or mango,
By refuses orange. In how many ways the distribution can be made so that no boy is
displeased? {04 Marks)
Solve the recurrence relation Fuix = Fop o Fy for n = 0 given that Fo= 0, F, = 1. (04 Marks)

Module-5

Define the following with an example for each :
i) Complete graph  ii) regular graph iii) bipartite graph  iv) complete bipartite graph.

(04 Marks)

Define isomorphism of two graphs. Verify the following graphs are isomorphic or not :
[Refer Fig.Q9(b)] (04 Marks)
Fig.Q9(b)
Show that a tree with n vertices has n — 1 edges. (04 Marks)
Construct an optimal prefix code for the symbaols a, o, q, u, vy, z that occur with frequencies
20, 28, 4, 17, 12, T respectively. (04 Marks)
OR

Explain Konigsberg bridge problem. (04 Marks)
Define the following with an example :
1) subgraph it} spanning subgraph
iii) induged subgraph iv) edge—disjoint and vertex — disjoint subgraphs. (04 Marks)
If a tree T has four vertices of degree 2, one vertex of degree 3, two vertices of degree 4 and
one vertex of degree 5, find the number of leaves in T. (04 Marks)
Obtain an optimal prefix code for the message ROAD IS GOOD. Indicate the code.

(04 Marks)

* k& ok &k
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Time: 3 hrs. Max. Marks: 80

Note: Answer any FIVE full questions, choosing
ONE full question from each module.

. Module-1
1 % Prove that for any propositions p, g, r the compound proposition :

{p=2g—=n0) ={(p=>q)—(p-—>r)} isatautology. {06 Marks)
b.  Prove the following logical equivalence using the laws of logie:

(p—=q) Alga(rv @)} = 71 (q v p). (05 Marks)
¢.  Prove the following logical equivalence using the laws of logic:

[TpAatTgan]viganvipar<r. (05 Marks)

OR

2 .a. Prove the validity of the arguments using rule of inference.

{(pv1q) = (rns)
r—t
=1t

Sop (05 Marks)
b. Test the validity of the arguments using rule of inference.
(Tpvg)—=>r
r—(swvt)
saTu
Tu—1t

Sop : (05 Marks)
. Find whether the following argument is valid:

No Engineering student of 1% or 2™ semester studies logic
Anil is an Engineering student who studies logic

<. Anil is not in second semester. (06 Marks)

_ Module-2
3 a7 Prove by mathematical induction that :
P3P+t 2n-1F=Y%n(2n- 1) (2n+1). (05 Marks)

b. A sequence {Cy} is defined recursively by ,
Cp = 3C,1 =2C,.2 for all n = 3 with C; = 5 and C; = 3 as the initial conditions, show that
a==2"+ 7. (06 Marks)
~ Determine the coefficient of xyz” in the expansion of (2x ~ y - 2)*. (05 Marks)
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OR VAL '
A certain question paper contains two parts A and B, each containing 4 questions. How
many diflerent ways a student can answer 5 questions by selecting atleast 2 questions from
each part? _ ' (05 Marks)
Prove by mathematical induction that, for every positive integer n, § divides n’—n. (06 Marks)
How many numbers greater than 1000000 can be formed by using the digits 1,2,2,2,4,4,0?

{105 Marks)
Module-3
Let f: R — R be defined by
Ix-5 for x>0
fix)=
—-3x=+l for x=0
Determine £71(0), (1), F (=1, F ' 3). £ (=3). £ (=6), (06 Marks)
Evaluate S(5. 4). (05 Marks)
Let {, g, h be the function form R to R defined by f{ix) =x+ 2, g(x) =x - 2, h(x) = 3x for all
x = R.Find gof, fog, fof, hog. foh. (05 Marks) . -
OR
Let 'S’ be the set of all non-zero integers and A = S x S on A, define the relation R by
(a, b)R(c, d) if and only if ad = be. Show that ‘R’ is an equivalence relation. . (06 Marks)
Draw the Hasse diagram representing the positive divisors of 36. - (06 Marks)
Let A = {a. b, ¢, d, e}. Consider the partition P = {{a, b}, {c, d}, {e}} of A. Find the
equivalence relation inducing this partition. : (04 Marks)
Module-4

In a survey of 260 college students, the following dala were obtained. 64 had taken
mathematics course, 94 had taken CS course, 58 had taken EC course, 28 had taken both
Mathematics and EC course, 26 had taken both Mathematics and CS course, 22 had taken
both CS and EC course, and 14 had taken all three types of course. Determine how many of

these students had taken none of the three subjects. (05 Marks)

Find the rook polynomial for the 3 x 3 board using expansion formula. (06 Marks)

Solve the recurrence relation :

ay +ap.) —6a,2=0 nz2, givena;=-1 and a, = 8. (05 Marks)
OR

An apple, a banana, a mango and an orange are to be distributed among 4 boys By, Ba. Bs,
Ba. The boys By and B do not wish to have an apple, the boy B: does not want banana or
mango and By refuses orange. In how many ways the distribution can be made so that no
boy is displeased. {06 Marks)
How many permutation of 1, 2, 3, 4, 5, 6, 7, 8 are not derangements? {04 Marks)
The number of virus affected files in a system is 1000 (to start with) and this increases 250%
every two hours. Use a recurrence relation to determine the number of virus affected files in
the systém after one day. {06 Marks)
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Module-5

9 a. Define isomorphism. Show that the following graph are isomorphic to each other. Refer
Fig.Q%a). ' (06 Marks)

: Fig.Q%a)
“A tree with ‘n’ vertices is having ‘n — 1" edges™. Prove the given statement. (05 Marks)
Define complete graph, general graph and Bipartite graph with example for each. (05 Marks)

OR
10 a. For a graph with ‘n* vertices and ‘m’ edges, if ‘5" is minimum, ‘A’ is maximum of the
- degree of vertices. Show that : '

2m

A=A (05 Marks)
n
b= Obtain the optimal prefix code for the message “ROAD IS GOOD". Indicate the code.
{06 Marks)
c. Apply the merge sort to the following given list of element.
{-1.0,2,-2,3,6,-3,5 1,4} {05 Marks)
# ok & K K
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2. Any revealing of identification, appeal to evaluator and /or equations written eg, 42+8 = 50. will be treated as malpractice.

Important Note : 1. On completing your answers, compulsorily draw diagonal cross lines on the remaining blank pages.

15CS36
USN
Third Semester B.E. Degree Examination, Dec.2017/Jan.2018
Discrete Mathematical Structures
Time: 3 hrs. Max. Marks: 80
Note: Answer any FIVE full questions, choosing
ONE full question from each module.
Module-1
1 Prove that for any three propositions p, q, T [P=(gan)] < [(p = @A (p = 1)} Using truth
table. (05 Marks)
Establish the validity of the argument :
P—q
q—(ras)
Trv (Tt wvu)
pat
Sou (06 Marks)
Prove that for all integers ‘k’ and £, if k" and ‘£ are both odd, then k + £ is even and kL is
odd by direct proof. (05 Marks)
OR - '
2 Determine the truth value of each of the following quantified statements; the universe being
the set of all non - zero integers. (05 Marks)
i) 3x.3Jyxy=1]
i) 3Ix. Vy[xy=1]
i) Vx, 3y, [xy=1] '
iv) Ix. 3y [2x+y=5) A(x-3y=-8)].
v) 3x 3y [(Bx-y=17) A (2x +4y =3)]. (06 Marks)
Find whether the following arguments are valid or not for which the universe is set of all
triangles. In triangle XYZ, there is no pair of angles of equal measure. If the triangle has two
sides of equal length, then it is isosceles. If the triangle is isosceles, then it has two angles of
equal measure. Therefore triangle XYZ has no two sides of equal length. (05 Marks)
If a proposition has truth value |, determine all truth value assignments for the primitive
propositions p.-r. s for which the truth value of following compound proposition is I.
[ {(pvr) A TIsHA (s> (TrAq)}. (05 Marks)
Module-2
3 Prove by mathematical induction that, for every positive integer n, 5 divides n’ — .
: (0S Marks)

' . . 1 [(1+45 y 1-+/5 .
For the Fibonacci sequence Fo, Fy, F; - - - - prove that F, =75- 5 S .
(06 Marks)
Find the coefficient of :
i) x’y inthe expansion (2x — 3y)12
ii) x'* in the expansion x’(1 —2x)'°. (05 Marks)
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OR

By mathematical induction. Prove that,
Ag=3"+ 2.3"" 4 1 is a multiple of 8. - o x
How many positive integers ‘n’ can we form using the digits 3, 4,4, 5, 5,

to exceed 5,000,000. ) =ena
A certain question paper contains three parts A, B, C with four questions in part A, five

questions in part B and six questions in part C. It is required to answer seven qulestlohr!s
selecting atleast two questions from each part. In how many ways can a student se ;&:t klss
seven questions for answering? (05 Marks)

for every positive integer 1. the number
(05 Marks)
6, 7 if we want ‘n’
(06 Marks)

Module-3

i) Determine £(34). £'(3), (-5, 5)).
ii) Also prove that if 30 dictionaries contain a total of 61, 327 pages, then atleast one of the

dictionary must have atleast 2045 pages. (05 Marks)
Prove that if f : A — B and g : B —> C are invertible function then g of : A — C is an
invertible function and (gof)™ = f"'og™". (06 Marks)

Let A = {1, 2, 3, 4, 5}. Define a relation R on A x A by (x;, y1) R(x2, y2) if and only if
X1 +y=x2+ya.
i) Determine whether R is an equivalence relation on A x A

i) Determine equivalence class [(], 2)]. [(2, 5)]. (05 Marks)
- OR

Let fand g be functions from R to R defined by fix) = ax + band g(x) =1 — x + x°. If

(gof)(x) = 9x” — 9x + 3. Determiried a, b. (05 Marks)

Let A= {l,2,3,4,6, 12}.,0n A define the relation R by aRb if and only if ‘a’ divides ‘b’
i) prove that R is a partial order on A ii) draw the Hasse diagram iii) write down the matrix
of relation. o &7 (06 Marks)
Consider the Poset whose, Hasse diagram is given below. Consider B = {3, 4, 5}. Refer
Fig.Q6(c). Find : 2 4 '

i) Allupper bounds of B

ii) All lower bounds of B

iii) The least upper bound of B

iv) The greatest lower bound of B

v) Isthisa Lattice? . (05 Marks)

S (4

| 2

Fig.Q6(c)
20f3
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Out of 30 students in a hostel; 15 study history 8 study economics and 6 study geography. It
is known that 3 students study all these subjects. Show that 7 or more students study none of
these subjects. (05 Marks)
Five teachers Ty, Ts, T, Ty, Te are to be made class teachers for five ciasses C). C;, Gy, Gy,
Cs, one teacher for each class. T, and T; do not wish to become the class teachers for C; or
Cs, T3 and T, for Cs or Cs and Ts for C; or Cs or Cs. In how many ways can the teachers be

assigned work without displeasing any teacher. (06 Marks)

Solve the recurrence relation a, ~ 6a, |+ 9a, . :=0formn 2= 2. (05 Marks)
OR

Solve the recurrence relationa, — 3a, 1 =5 x 3" forn 2 | given that ay = 2. (05 Marks)

Let a, denote the number of n-letter sequences that can be formed using the letters A. B and
C such that non terminal A has to be immediately followed by a B. Find the recurrence

relation for a, and solve it. (06 Marks)
Find the number of permutations of English letters which contain exactly two of the pattern
car, dog. pun. byte. (05 Marks)
Discuss Konigsberg bridge problem. (05 Marks)

Let G = G(V, E) be a simple graph with m edges and *n’ vertices. Then prove that :
1) ms= -l-n(n ~1)

i) For a complete graph k. m = -l—n(n ~1) edges

iii) How many vertices and edges are there for K7 and K- ). (06 Marks)
Merge sort the list 1. 7.4, 11,5, -8, 15, -3. -2, 6, 10, 3. (05 Marks)

OR
Prove that a tree with *n’ vertices has n - | edges. (05 Marks)
Obtain an optimal prefix code for the message LETTER RECEIVED indicate the code and
weight. (06 Marks)
Determine whether the following graphs are isomorphic or not. (05 Marks)

V)
y
\{5 v,
Fig.Q10(c)
L
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50, will be treated as malpractice,

Important Note : 1. On completing your answers, compulsorily draw diagonal cross lines on the remaining blank pages.
2. Any revealing of identification, appeal to evaluator and /or equations written eg, 42+8

USN

15CS36

Third Semester B.E. Degree Examination, June/July 2017
Discrete Mathematical Structures

Time: 3 hrs. Max. Marks: 80

1 a

Note: Answer any FIVE full questions, choosing one full question from each module.

Module-1

Define the following with an example for each

i) Proposition

i) Tautology

iti) Contradiction

iv) Dual of statement. (06 Marks)
Establish the validity of the following argument using rules of inference. If the band could
not play rock music or the refreshments were not served on time, then the new year party
could have been cancelled and Alica would have been angry. If the party were cancelled,
then refunds would have to be made. No refunds were made, therefore the band could play

rock music. (05 Marks)
Determine the truth value of the following statements if the universe comprises all nonzero
integers :

i) 3Ix3Jy[xy=2]

i) IxVy[xy=2]

i) ¥xJy[xy=2]

iv) Ix3y[Bx+y=8)A(2x-y)=T7]

v) IxAy[(dx+2y=3)A(x-y=1)] (05 Marks)

OR
Find the possible truth values for p, q and rif
i) p—>(qvr) - FALSE
ii) pa(q—r)-TRUE. (05 Marks)
Show that (p A (p = q)) = q s independent of its components. (06 Marks)
Give a direct proof for each of the following :
i) For all integers k and £, if k and { are both even, then k + [ is even

ii) For all integers k and { , if k and [ are both even, thenk * [ is even. (05 Marks)
Module-2
Prove by mathematical induction, for every positive integer 8 divides 5" + 2-3"7" +1.,
(06 Marks)

Assuming PASCAL language is case insensitive, an identifier consists of a single letter
followed by upto seven symbols which may be letters or digits (26 letters, 10 digits). There
are 36 reserved words. How many distinct identifiers are possible in this version of

PASCAL? e (05 Marks)
Find the coefficient of a’b’c’d” in the expansion of
(a+2b-3c+2d+5)". (05 Marks)
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OR
Prove that 4n < (n” - 7) for all positive integers n > 6. (05 Marks)
Lucas numbers are defined recursivelyas Lo=2, Ly, =land L,= L, + L2 for n22. IfF’
are fibonacci numbers and Li* are the Lucas numbers, prove that L, = F,, + Fy. for all
positive integers n. (05 Marks)
Find the number of distinct terms in the expansion of (w + x +y + z)”. (06 Marks)

Module-3
Let A=la.b.c,d}and B= {1, 2, 3.4.5, 6}.
i) How many functions are there from A to B? How many of these are one-to-one? How
many are onto?
il) How many functions are there from B to A? How many of these are one-to-one? How

many are onto? (06 Marks)
Prove that if f: A —B, g : B = C are invertible functions, then g of : A — C is invertible
and (gof)" = fog™. (06 Marks)
For the Hasse diagram, given in Fig. Q5(c), write i) maximal ii) minimal iii) greatest and
1v) least element (s). (04 Marks)

5

3 -
2
1 Fig. Q5(c)
OR

Letf.g:z — z', where forall x €z, f(x)=x +land g(x) = max {1, x~ 1}.

i) What is the range of {7

ii) Is fa onto function?

iii) Is f one-to-one?

1v) What is the range of g?

v) Is g an onto function? (05 Marks)
Iff: A—B and By, B; < B, then prove the following :

i)  f7'(B,NB,)=f"(B)Nf"(B,)

i) f'(B,UB,)=f"(B,)Uf"(B,)

i) £(B,)=f"(B) (06 Marks)
Let A= {1,2 3,4}, R={(L, 3), (1, 1), (3, 1), (1, 2), (3, 3). (4. 4)} be the relation on A.
Determine whether the relation R is reflexive, irreflexive, symmetric, antisymmetric or

transitive. (05 Marks)
Module-4

Determine the number of positive integers n where 1 <n < 100 and n is not divisible by 2. 3
or 5. (05 Marks)
Describe the expansion formula for rook polynomials. Find the rook polynomial for 3x3
board using the expansion formula. (05 Marks)
Solve the recurrence relation b, =bD,_, ~b’D, ,.n=3givenD, = b>0and D, =0.

(06 Marks)
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OR
In how many ways can we arrange the letters in the CORRESPONDENTS so that ;
i) There is no pair of consecutive identical letters?
ii) There are exactly two pairs of consecutive identical letters

iii) There are atleast 3 pairs of consecutive identical letters (06 Marks)
Find the recurrence relation and the initial conditions for the sequence 0, 2, 6, 12, 20, 30, 42
...... Hence find the general term of the sequence. (05 Marks)
Find the general solution of the equation S(k) + 3S(k — 1) —4S (k - 2)=4% (05 Marks)

Module-5

Define the following with an example

i) Simple graph

i) Regular graph

ii1) Subgraph

iv) Maximal subgraph

v) Induced subgraph. (05 Marks)
Show that there exists no simple graphs corresponding to the following degree sequences

i) 0,2,23,4

iy 1.1.2,3

iii) 2,3.3.4,5.6

iv) 2,2.4,6. (04 Marks)
Let T = (V. E) be a complete m-ary tree with [V| = n. If T has [ leaves and i internal vertices,
then prove the following :

i) n=m-i+l

i) L=m-1)i+1
(=D _(n-D

=1 = (07 Marks)

ii) i=

OR
In the graph shown in Fig. Q10(a). Determine
i) awalk fromb to d that is not a trail
ii) b—d trail that is not a path
iii) apath frombtod
iv) aclosed walk from b to b that is not a circuit
v) acircuit from b to b that is not a cycle

vi) acycle frombtob (06 Marks)
b € &

<4 "VFig QI0(a)

b. Determine the order |V| of the graph G = (V, E) in the following cases

i) G is cubic graph with 9 edges

i) G is regular with 15 edges

iii) G has 10 edges with 2 vertices of degree 4 and all other of degree 3. (06 Marks)
Obtain the optimal prefix code for the string ROAD IS GOOD. (04 Marks)

* k % % %
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2. Any revealing of identification, appeal 1o evaluator and /or equations written &g, 42+4

Important Note : 1. On completing your answers, compulsorily draw diagonal cross lines on the remaining blank pages.
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’ o 15CS36

Third Semester B.E. Degree Examination, Dec.2016/Jan.2017
Discrete Mathematical Structures

Time: 3 hrs. Max, Marks: 80

Note: Answer any FIVE full questions, choosing one full question from each module.

Module-1
Let p, q and 1 be propositions having truth values 0, 0 and 1 respectively. Find the truth
values of the following compound proposition
J(paq)—=r i) p=>(qar) i) pa(r—q) iv) p—=(q-—=>(=r1)) (04 Marks)
Define tautology. Prove that for any propositions p, q, r the compound proposition
[{pv glaf(p— r]n{q—}r]}]-}r is tautology. {04 Marks)
Establish the validity of the following argument
vx,[p(x) v q(x)]
dx, —|p{x}
Vx,[a(x) v r(x)]
"':-“x,[s(x} —bﬁr{x]]

(04 Marks)
Ix —s(x)
Give 1) direct proof and ii) proof by contradiction for the following statement. “If ‘n’ is an
odd integer, then n+9 is an even integer”. {04 Marks)
OR

Define dual of a logical statement. Verify the principle of duality for the following logical
equivalence [~ (pagq) = ~p v(~pvq)] < (~pvq). {04 Marks)
Prove the following by using laws of logic

i) p—=g—r1) < (pagior

i) [~pal~qvD] v[(gar)vipag)] <. (04 Marks)
Establish the validity of the following argument using the rules of inference:
palp—=g)a(svi)alr— ~q)] = (swvi) {4 Marks)

Define i) open sentence ii) quantifiers. For the following statements, the universe comprises
all non-zero integers. Determine the truth values of each statement :
1) I, Iyi{xy=1) ) 3x,vy(xy=1) iii) ¥x,Jy(xy=1). (04 Marks)

odule-2
By mathematical induction, prove that
12432282 +(2n-1)= “{2“1;{2“_”.
For the Fibonacci sequence show that (05 Marks)

5]

A women has 11 close relatives and she wishes to invite 5 of them to dinner. In how many
ways can she invite them in the following situations : 1) There is no restriction on the choice
ii) Two particular persons will not attend separately iii) Two particular persons will not
attend together. s - (06 Marks)

(05 Marks)
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OR
Prove that every positive integer n > 24 can be written as a sum of 5°s and /or 7°s. (04 Marks)
Find an explicit definition of the sequence defined recursively by a; = 7, a, = 2a,,+1 for
n =2 (04 Marks)
i) How many arrangements are there for all letters in the word SOCIOLOGICAL?
in) In how many of these arrangements A and G are adjacent? In how many of these

arrangements all the vowels are adjacent? (04 Marks)

Find the coefficient of i) x°y’ in the expansion of (2x — 3y)'* ii) a’b’c’d’ in the expansion of

(a+2b-3c+2d+5)'" (04 Marks)
Module-3

Let a function f : R—R be defined by flx) = x’ + 1. Find the images of A;={2, 3},

Ay=1{-2,0,3}, Ay=(0, 1) and Ay = [-6, 3]. (04 Marks)

ABC is an equilateral triangle whose sides are of length one cm each. 1f we select 5 points
inside the triangle, prove that at least two of these points are such that the distance between
them is less than %4 cm. {04 Marks)
Let £, g, h be functions from z 10 2 defined by fix) =x -1, g(x) = 3x

0 if xiseven

I if xisadded

Determine (fo (goh))(x) and ({fog)oh) (x) and verify that fo (goh) = (fogloh. (04 Marks)
For A = {a, b, ¢, d, e} the Hasse diagram for the Poset (A, R) is as shown in Fig Q5(d).

and h(x)= {

Determine the relation matrix for R and Construct the digraph for R (04 Marks)
-
b <
4 Fig Q5(d)
OR

Let A={1,2, 3} and B = {2, 4, 5). Determine the

i) Number of binary relations on A.

i) Number of relations from A to B that contain {1, 2} and (1, 5}

iii) Number of relations from A, B that contain exactly five ordered pairs

iv) Number of binary relations on A that contains at least seven ordered pairs. (04 Marks)
Let A =B =R be the set of the real numbers, the functions f :A — B and g: B — A be

¢

f 113
defined by flx) =2x = 1, Yxe A gly) = -:%{3%1)} %y e B. Show that each of fand g is

the inverse of the other. (04 Marks)
Define a relation R on AxA by (x, y1) R (x2, y2) iff x;=y, = xo+yz, where A ={1, 2, 3, 4, 5}.

i) Verily that R is an equivalence relation on A=A,

i) Determine the equivalence classes [(1, 3)] and [(2, 4)]. (04 Marks)
Consider the Hasse diagram of a POSET (A, R) given in Fig Q6(d). If B = {¢, d, ¢} find all
upper bounds, lower bounds, the least upper bound and the greatest lower bound of B.

% h (04 Marks)

]
ck 2

c
4
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Module-4
Determine the number of positive integers n such that 1< n < 100 and n is not divisible by
2,3, 0r5. (04 Marks)
It how many ways can the 26 letters of the English alphabet be permuted so that none of the
patterns CAR, DOG, PUN or BYTE occurs? {04 Marks)
A girl student has Sarees of 5 different colors, blue, green red, white and yellow. On
Monday she does not wear green, on Tuesdays blue or red, on Wednesday blue or green, on
Thursday red or yellow; on Friday red. In how many ways can she dress without repeating a
color during a week (from Monday to Friday)? {04 Marks)
The number of affected files in a system 1000 (to start with) and this increases 250% every
two hours. Use a recurrence relation to determine the number of virus affected files in the
system after one day. (04 Marks)

OR
In how many ways can one arrange the letters in the word CORRESPONDENTS so that
1) There is no pair of consecutive identical letters?
ii) There are exactly two pairs of consecutive identical letters? (06 Marks)
An apple, a banana, a mango and an orange are to be distributed to four boys B, Ba, Bs, and
B4. The boys B, and B: do not wish to have apple, the boy, B3 does not want banana or
mango and By refuses orange. In how many ways the distribution can be made so that no

boy is displeased? (05 Marks)
Solve the recurrence relation a, = 3a,.) — 2a,.» for n = 2 given that a, = 5 and a; = 3.
(05 Marks)
Module-5
Define :

i)  Bipartite graph
i) Complete bipartite graph
itf) Regular graph

iv) Connected graph with an example. {04 Marks)
Define isomorphism. Verify the two graphs are isomorphic (04 Marks)
Fig Q9(b)

Show that a tree with n vertices has n-1 edges. (04 Marks)
Otbtain an optimal prefix code for the message ROAD IS GOOD. Indicate the code.
(04 Marks)
OR

Determine the order [V|of the graph G = (V, E) in
i} (G isacubic graph with 9 edges
i) G 1s regular with 15 edges
iii) G has 10 edges with 2 vertices of degree 4 and all other vertices of degree 3. (04 Marks)
Prove that in a graph
1) The sum of the degrees of all the vertices 15 an even number and is equal to twice the
number of edges in the graph.

if) The number of vertices of odd degrees is even. {4 Marks)
Discuss the solution of Konigsberg bridge problem. (04 Marks)
Define optimal tree and construct an optimal tree for a given set of weights
{4, 15, 25, 5, 8, 16}. Hence find the weight of the optimal tree. arks)
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