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1. Choose the correct option for the following questions:

(a) Let a set A have 11 district elements, then the number of binary relations on A are .

(A) 121

(B) 211

(C) 1212

(D) 2121

Answer: (D)
Explanation: A is the set with 11 elements. A relation on A is defined as A× A. There are 112

number of ordered pairs in relation. So, the number of binary relations is 2(11 ∗ 11) = 2121.

(b) The rank of smallest equivalence relation on a set S, where S contains 12 distinct elements is
.

(A) 12
(B) 144
(C) 132
(D) 156

Answer: (A)
Explanation: In the case of smallest equivalence relation, each element is in one equivalence
class like {a1}, {a2}, · · · are equivalence classes. So, the rank or number of equivalence classes
is n for a set with n elements and so the answer is 12.

(c) Let S be a set of the elements {1, 2, 3, 4, 5}. The transitive closure of the relation {(0, 1), (1, 2),
(2, 2), (3, 4), (5, 3), (5, 4)} on the set S is .
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(A) {(0, 1), (1, 2), (2, 2), (3, 4)}
(B) {(0, 0), (1, 1), (2, 2), (3, 3), (4, 4), (5, 5)}
(C) {(0, 1), (1, 1), (2, 2), (5, 3), (5, 4)}
(D) {(0, 1), (0, 2), (1, 2), (2, 2), (3, 4), (5, 3), (5, 4)}
Answer: (D)
Explanation: Let R be a relation on a set A. The connectivity relation on R∗ consists of pairs
(a, b) such that there is a path of length at least one from a to b in R. Mathematically, R∗ =
R1 ∪R2 ∪R3 ∪ · · · ∪Rn. Hence the answer is {(0, 1), (0, 2), (1, 2), (2, 2), (3, 4), (5, 3), (5, 4)}.

(d) Let a relation R is defined on Z (set of integers) as xRy iff x + y is even and R is known as
.

(A) an equivalence relation with one equivalence class
(B) an equivalence relation with three equivalence classes
(C) an equivalence relation with two equivalence classes
(D) an equivalence relation

Answer: (C)
Explanation: R is reflexive as (a+b) is even for any integer; R is symmetric as if (a+b) is even
(b+a) is also even; R is transitive as if ((a+b)+c) is even, then (a+(b+c)) is also even. So, R is an
equivalence relation. For set of natural numbers, sum of even numbers always give even, sum of
odd numbers always give even and sum of any even and any odd number always give odd. So,
must have two equivalence classes -¿ one for even and one for odd. . . . , -4, -2, 0, 2, . . . and . . . ,
-3, -1, 1, 3, . . . .

(e) Let S be a set have n elements and R be a binary relation on the set S. Then, the time complexity
for computing the transitive closure of R should be .

(A) O(n)

(B) O(n3)

(C) O(n(n+3/2))

(D) O(log n)

Answer: (B)
Explanation: Calculation of transitive closure results into matrix multiplication. We can do
matrix multiplication in O(n3) time. There are better algorithms that do less than cubic time.

(f) Let a relation R is defined as R = {(x, y)|y = x − 1, & x, y ∈ {1, 2, 3}}. Then, the reflexive
transitive closure of R is .

(A) {(x, y)|x ≥ y & x, y ∈ {1, 2, 3}}
(B) {(x, y)|x = y & x, y ∈ {1, 2, 3}}
(C) {(x, y)|x > y & x, y ∈ {1, 2, 3}}
(C) {(x, y)|x ≤ y & x, y ∈ {1, 2, 3}}
Answer: (A)

(g) A partial order ≤ is defined on the set S = {x, b1, b2, · · · bn, y} as x ≤ bi for all i and bi ≤ y for
all i, where n ≥ 1. The number of total orders on the set S which contain the partial order ≤ is

.

(A) n+ 4

(B) n!
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(C) n2

(D) n3

Answer: (B)

(h) Let a relation R on Z and define as (a, b) ∈ R|a ≥ b2. Then R is .

(A) Not transitive
(B) Antisymmetric
(C) Symmetric
(D) Not reflexive

Answer: (B), (D)
(D) (Not reflexive because we can’t have (2,2).)
Not symmetric because if we have (9,3), we can’t have (3,9).
(B) Antisymmetric, because each integer will map to another integer but not in reverse (besides
0 and 1).
Is transitive because if a ≥ b2 and b ≥ c2, then a ≥ c2

(i) For x, y ∈ Z defined as x|y, which means that x divides y is a relation which does not satisfy
.

(A) reflexive and symmetric relations
(B) symmetric relation
(C) transitive relation
(D) irreflexive and symmetric relation

Answer: (B)

(j) For x, y ∈ R defined as x = y, which means that |x| = |y|. If [x] is an equivalence relation in
R, then the equivalence relation for [17] is .

(A) {, · · · ,−11,−7, 0, 7, 11, · · · }
(B) {, · · · ,−17, 0, 17, · · · }
(C) {2, 4, 9, 11, 15, · · · }
(D) {−17, 17}
Answer: (D)
Explanation: We can find that [17] = {a ∈ R|a = 17} = {a ∈ R||a| = |17|} = {−17, 17}
and [−17] = {a ∈ R|a = −17} = {a ∈ R||a| = | − 17|} = {−17, 17}. Hence, the required
equivalence relation is {−17, 17}.

[10× 1 = 10]

2. Consider the set S = {1, 2, 3, 4} and a relation R defined in it as R = {(1, 1), (1, 4), (2, 3), (3, 1), (3, 4)}.

(i) If the symmetric closure of R is exist then find out, else why not.
Answer: {(1, 1), (1, 3), (1, 4), (2, 3), (3, 1), (3, 2), (3, 4), (4, 1), (4, 3)}

(ii) What about the transitive closure of R.
Answer: {(1, 1), (1, 4), (2, 1), (2, 3), (2, 4), (3, 1), (3, 4)}

[5 + 5 = 10]
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3. (a) Prove that a relation R defined on a set A is an equivalence relation, if and only if R is reflexive
and such that aRb and bRc imply cRa, for a, b, c ∈ A.

(b) Let S be a set and let R be a binary relation on S. Then, prove or disprove R∪R−1 is the smallest
symmetric relation containing the relation R.

Answer:

[5 + 5 = 10]

**************** End of Question Paper ********************
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