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Answer all the questions. 

Question I
[15]
i. State True or False with reason: [1+1]
(a) The antisymmetric closure of a relation 
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 on a set A exists if and only if  itself is antisymmetric.

(b) Fig 1. is a lattice. 
ii. Let A = {1, 2, 3, 4, 12}. Consider the partial order of divisibility on A. That is, if a and b € A, a ≤ b if and only if a | b. Draw the Hasse diagram of the poset (A, ≤). [1]
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Fig 1.



Fig 2.




Fig 3.
iii. Show that the lattice of Fig 2 is nondistributive. [1]

iv. Let L be a bounded distributive lattice. Show that if a complement exists, then it is unique.[2]

v. Prove that a linearly order set is a lattice [2]

vi. Show that any set of six positive integers whose sum is 13 must contain a subset whose sum is three. [2]
vii. Obtain three different results by topologically sorting Fig 3. [2]
viii. Show that N×N is equinumerous with N. [3]
Question II 
[15]
i. Determine in the following whether the binary operation * is commutative and whether it is associative on the set [1 + 1]
a) On Z+, where a * b is a + b + 2.
b) On the set of rational numbers, where a*b = (a+ b)/2.
ii. State the number of possible commutative binary operations which can be defined on a set of size n. [1]

iii. Let G be a group and let a and b be elements of G. Then (ab)-1 = b-1a-1.   [1]
iv. Using the rules for ordering Θ-classes, arrange the following in order from lowest to highest

Θ(nlg(n))   Θ(1000n2 – n)    Θ(n0.2)  Θ(1,000,000)  Θ(1.3n)   Θ(n + 107)   [1]

v. Construct a table representing the operations of a group of order 4. [2]

vi. Let G be the set of all nonzero real numbers and let a * b = 
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ab

. Show that (G, *) is an Abelian group.  [2]
vii. Let * be a binary operation on a set A, and suppose that * satisfies the following properties for any a,b and c in A [3]

1. a = a * a  


Idempotent property

2. a * b = b * a 

Commutative property

3. a * (b  * c) = (a  * b)  * c 
Associative property

Define a relation ≤ on A by 



a  ≤ b if and only if  
a = a * b. 

Show that (A, ≤) is a poset, and for all a, b in A, GLB(a,b) = a* b.

viii. Let T be the set of all even integers. Show that the semigroups {Z,+} and {T,+} are isomorphic.  [3]

Question III 
[15]
i. Write the permutation 



p   =  
1  2  3  4  5  6  7  8     

       


3  4  6  5  2  1  8  7
of the set A = [1, 2, 3, 4, 5, 6, 7, 8] as a product of disjoint cycles [1]

ii. Let A = B = R, the set of real numbers. Let f : A → B be given by the formula f(x) = 2x3 – 1 and let g : B → A be given by 



g(y) = 
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Show that f is a bijection between A and B and g is bijection between B and A. [1]
iii. Write the following statement in symbolic form [1]

p: There will be no test examination tomorrow if q: professor is out of town or r: there is a transport strike. 

iv. Let A = {1,2,3}  and let R be the relation on A whose matrix is 


1 1    1



MR = 
0     0   1




0     0   1
Show that R is transitive. [1]

v. Define equivalence relation. [1]


vi. For the following recurrence relation, find a closed form equivalent expression.

L(1) = 3,

vii. 
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where n is a positive integral power of 2. [2]
viii. Prove the relation Θ big theta is an equivalence relation. [2]
ix. There are 12 students in a class. In how many ways can the 12 students take four different tests if three students are to take each test. [2]

x. Let f : A → B be a function and   σ  an equivalence relation on B. Define a relation ρ on A as:  a  ρ a′ if and only if f(a)   σ f(a′). Prove that ρ  is an equivalence relation on A. [2]

xi. Let R and S be relations on A. Show that (R ∩S)2  is a subset of  R2 ∩ S2  [2]
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