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1. (10%) Use the pigeonhole principle to show that if 101 integers are selected from the set
S ={1,2,3,---,200}, then there are two integers such that one divides other.

2. (10%) Let f, g, and h be functions from N to N, where N is the set of natural numbers so
that f(n) =n+1, g(n)=2n, and

| 0 ifniseven
h(”)‘{ 1 ifn is odd

Determine composition functions: (a) fog, (b) gog, (c) goh, (d) hog, and (e) (fog)oh.
3. (10%) Evaluate the following:

(a) (3)2+(T)2+...+(2)2.
o (7)+2(5)+en ().

. (10%) If A= {1,2,3,4}, determine the following:
(a) how many binary relations on A?
(b) how many equivalence relations on A?

. (10%) Let m; and my be two partitions of a set A, and let R; and Ry be the corresponding
equivalence relations. We define the product of ; and 75, denoted by 7575, to be the partition
corresponding to the equivalence relations R; N Ry. We define the sum of m; and 74, denoted
by 7o+, to be the partition corresponding to the equivalence relations (R; URs)* (transitive
closure of Ry URy). Now, let A={1,2,3,---,11}, ; ={{L,2,3,4},{5,6,7},{8,9},{10,11}}
and m = {{1,2,3,8},{4,9},{5,6,10,11},{7}}. Find 7y - m and m + .

6. (10%) For all n € Z, n > 0, prove that n® + (n + 1)® + (n + 2)° is divisible by 9.

7. (10%) Determine whether each of the following statements is true or false. If true, briefly
explain the reason. If false, provide a counterexample. The universe comprises all integers.

(a) Vo 3y 3z (z =6y + 72)
(b) Vz Jy 3z (z = 6y + 82)

8. (15%) One hundred students enter a locker room that contains 100 lockers. The first student
opens all the lockers. The second student changes the status (from closed to open, and vice
versa) of every other locker, starting with the second locker. The third student then changes
the status of every third locker, starting with the third locker. In general, for 1 < k£ < 100,
the kth student changes the status of every kth locker, starting with the kth locker. After the
100th student has gone through the lockers, which lockers are left open?
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9. (15%) Find the value of bb after the following program segment is executed. (Here i, j, k,
aa and bb are integer variables. )

aa = 0;
bb = 1;
for(i=1;i<=20;i++)
for(j=1;3j<=10;j++)
for(k=1;k<=j;k++)
{
if (j == 1)
{
aa = aa + 1;
bb = bb * aa;



