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1. The transitive closure of the symmetric closure of the reflexive closure of
a relation R is an equivalence relation.

2. The symmetric closure of the reflexive closure of a transitive relation T is
an equivalence relation :

3. The transitive closure of the reflexive closure of the symmetric closure of
a relation R is the smallest equivalence relation that contains R

4. The following incidence matrices are 1somorph10
1 0 1111 1 0
[0 1 1] , [1 0 1]
1 1 0fl0 1 1

5. The given pair of directed graph are isomorphic:
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6. For every Boolean algebra (K,", +),ifaand bin K,
then a-(a+b)=a and a+ (a-b) =a.

7. For every Boolean algebra (K,-, +),ifaand bin K,
then a-(@+b)=a-b and a+(@-b) =a+b.

For Question &, 9 and 10, given a connected undirected graph G = {V, E} where
[V| = n and a positive weight function ¢ on all edges {e;} in E. Suppose Kruskal’s
algorithm selects a4, a,, ...,a,_4 in order to form a spanning tree. Then, consider
another tree T with edges by, by, ...,b,_; in order such that c(b;) < c(b;,,) for
1 <i<n—1,decide true (T) or false (F) for each question:

8. XIS c(a) < X e(by)
9. c(a) <c(by), Vi,1<i<n~-1

10. If T is a minimum spanning tree, then c(a;) = c(b;),Vi,1 <i<n-—1.
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11. Please derive the conjunctive normal form (CNF) for the following
circuit:

X
y—

W

z

Note that the negated of a variable x shouid be represented as *.

12. Solve the following recurrence with the given initial condition:
an =70n,—12a, , for n=2,a5 =2,a; = 1.

13. Solve the following recurrence with the given initial condition:
a, =4a,_1 —4a,_, for n=2,ay = 4,0, = 4.

14. Given a partially ordered graph as follows,

@
(@

(b) 09
L C@

Please draw the corresponding Hasse diagram.

15. How many solutions are there to distribute 8 candies to three children (Tom,
John and Mary) in which Tom is given at least 1, John is given at least 2
and Mary is given at least 3 candies?
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16. Let G be the grammar with vocabulary V = {S, 0,1}, set of terminals T =
{0, 1}, starting symbol S and productions P = {§ — 115,S — 0}. What is
L(G) the language of this grammar?

17. Give a phase-structure grammar G that generates the set of all bit strings
made up of a 1 followed by an odd number of 0s.

18. Derive a general formula for the recurrences of the form

1 <
T(n) = d if n < 1
aT(})+c otherwise

'19. Derive the postfix form of the expression ((x +y) T 2+ x—4)/ 33 |

20. Draw the minimum spanning tree for the following graph

a 5 b 4 c
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21. (O 4th %)
(a) Show that if A is a context free setand B isa regular set,
then A X B is also context free.

(b)Show that {i%|i € N} is countably infinite.

22. (O #th &)
(a) Show that the conclusion follows from the given premises:
P1: QVP
P2: RV(SAP)
P3: TVRVQ
C: S=>TVP

(b)Show thatif f:X 'Y and ¢:Y — Z are one-to-one functions,
then g f:X — Z is also one-to-one function.

23. (0 5 o)
(2) Prove that given » integers, say x;, X3, ..., Xy, there must exist
XiptXiyg + Xpyg + -+ x4 isdividedbynfor i > 1,k > 0.

(b) Show that if 9 integers are randomly chosen from {1,2,3, ..., 64},
there must exist two elements, say x and ¥, such that

0 Wr—fyl<1. —
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24. (9 441 o)
Suppose you are given a problem of the input size n and the following

three algorithms:

« Algorithm X solves problems of size » by dividing them into five
subproblems with half the input size, recursively solving each
subproblem, and then combining the soluttons in linear time.

» Algorithm Y solves problems of size » by recursively solving two
subproblems of size #-1, and then combining the solutions in constant
time.

» _Algorithm Z solves problems by dividing them into nine subproblems
of the input size n/3, recursively solving each subproblem, and then
combinring the solutions in O(n?) time.

(a) Compute the running times for each of these algorlthms in blg-O
‘notation. :

(b) Which algorithm would you choose?




