CS218 – April 2002 – QP


Question 1 (Compulsory)

(a)
Let A and B be sets.  Draw Venn diagrams to represent the sets A and B in the following two cases. 

(i)
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(ii)
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Recall that, for two sets C and D, if 
[image: image4.wmf]D

C

Í

 then the region representing C will lie within the region representing D.  If C and D are disjoint then the region representing C will be separated from the region representing D.

(b)
Give a direct proof that the sum of three consecutive integers is divisible by 3. 
     [3]

(c)
A computer shop sells seven different models of computers. A company wishes to buy four computers from this shop that are all different models.  How many different choices are there?
      [2]

(d)
A string of 4 bits is randomly generated.

(i)
How many different bit strings may be generated?
      [2]

(ii)
What is the probability that at least one of the bits in the string is 0?
      [2]

(e)
Use a truth table to prove that
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Question 1 continues on the following page.
Please turn over

(f)
The sets A and B are given by
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Write down the members of the following sets.

(i)
B
      [1]

(ii)
The powerset P(A)
      [2]

(iii)
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(g)
Let the matrices A and B be given by
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Calculate:

(i)
BA
      [2]

(ii)
ABt
          [2]

(h)
The relation R on the set {0, 1, 2} is given by:
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(i)
What does it mean to say that R is transitive?
     [1]

(ii)
Which one ordered pair must be removed to make R a transitive relation? Justify your answer.
      [2]

Please turn over

Question 2

(a)
(i)
Define what is meant by a tautology in logic.
            [1]

(ii)
Define what is meant by a contradiction in logic.
   [1]

(b)
Let p, q and r denote the following propositions:


p : Bats are blind


q : Gnats eat grass


r  : Ants have long teeth

Express the following compound propositions symbolically.

(i)
If bats are blind then gnats don’t eat grass.
      [1]

(ii)
If and only if bats are blind or gnats eat grass then ants don’t have long teeth.
      [2]

(c)
Use law of logic to prove that  
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Clearly identify the laws used.
      [4]

(d)
Two balls are selected without replacement from a bag containing two white balls and two black balls.  Let the random variable X be the number of black balls chosen. 

(i)
Write down the distribution of X. 
      [4]

(ii)
Calculate the expected value, E(X), of X. 
      [2]

Please turn over

Question 3

(a)
Consider the graph below.






(i)
Write down the distance matrix for this graph.
      [3]

(ii)
Write down the longest path between a and d.
      [1]

(iii)
Write down the longest trail between a and d.
      [1]

(b)
Draw the following graphs.

(i)
C4
          [1]

(ii)
K4
          [1]

(iii)
K2,3
          [1]

(c)
Draw the digraph corresponding to the adjacency matrix below.
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 [3]

Question 3 continues on the following page.
Please turn over

(d)
The degree of each vertex of one graph that does exist and one graph that does not exist are shown in the table below.


Vertex 1
Vertex 2
Vertex 3
Vertex 4

Graph 1
3
1
2
1

Graph 2
2
2
3
3

(i)
Draw the graph that does exist.
      [2]

(ii)
Explain, using the degree of the vertices, why the other graph does not exist.
      [2]

Please turn over

Question 4

(a)
A and B are both sets. A has m elements and B has n elements.  How many different functions are there from A to B?
     [2]

(b)
Let the sets X and Y be given by X = {1, 3, 5} and Y = {s, t, u, v}.  Define the function f : X ( Y by the following arrow diagram.





(i)
What is the range of f ?
      [1]

(ii)
Is f an injective function? Explain your answer.
      [2]

(c)
Define the function 
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      [3]

(d)
(i)
In how many different ways can 5 different science books be arranged on a shelf?
      [2]

(ii)
In how many different ways can five identical science books, three identical history books and four identical mathematics books be arranged on a shelf if all books on the same subject must remain together?
      [2]

(iii)
In how many different ways can five different science books, three different history books and four different mathematics books be arranged on a shelf if all books on the same subject must remain together?
      [3]

Please turn over

Question 5

(a)
Prove by mathematical induction that
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for 
[image: image17.wmf]K

,

3

,

2

,

1

=

n


      [5]

(b)
Let the set A be given by 
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 and let the relation R on A be defined by
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(i)
List the ordered pairs in R.
      [2]

(ii)
Is R reflexive? Justify your answer.
      [2]

(iii)
Is R symmetric? Justify your answer.
      [2]

(iv)
Is R transitive? Justify your answer.
      [2]

(v)
Is R a function from A to A? Justify your answer.
      [2]

- END OF PAPER -
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