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1. Prove that
n! < 1
nn = 2ln/2]’
for any integer n > 1.
(Note that |z| is the largest integer no greater than z, e.g., |10] =10 and [1.2] =1.)
2. Recall that a prime number is a positive integer with exactly two positive factors which is

1 and itself. Prove that for any integers a and b, if a prime number p divides ab, then p
must divide a or b (or both).

(Note that this is not trun if p is not prime. For example, 4 divides 60 = 6 - 10, but it does
not divide either 6 or 10.)

3. Consider the following programs and analyze their running times.

(a) 1. r <0
2. fori=1,2,...n

3. for j=1,2,...,n

4. ri+j

Analyze the running time in terms of n.
(b) 1. r<0

2. fori=1,2,...n

3. for j=1,2,....,m

4, T 1+]

Analyze the running time in terms of n and m.
(c) 1 r<«0

2 for:=1,2,...n

3. k+1

4. while k2 <m

5 ri+j

6. k+—Fk+1

Analyze the running time in terms of n and m.
(d) 1 r<«0

3 k+1

2 fori=1,2,...n

4. while k2 <n

5 r—i+j

6 k+—Fk+1

Analyze the running time in terms of n.

4. Consider the following sorting algorithm for sorting n items. For simplicity assume that n is
a square, i.e., there exists a positive integer k£ such that k2 = n.

Given n items in an array, the algorithm proceeds as follows.

(a) The algorithm divides all items into & = /n groups; each group contains n/k items.

(b) For each group, the algorithm uses insertion sort to sort items in it. The sorted items
for each group are stored in a list.

(c) It then employs a k-way merge. It looks at the head of each sorted list, picks the
smallest, and moves it to the solution list.

Analyze the running time of steps (a), (b), and (c), in terms of n and conclude with the
total running time of the algorithm.



5. aounaunis recurrence naluidl naglugudoynsal Big-O (auudln T(1) = 1)
(@ T'(n)=n+T(n—-1)
(b) T(n)=n*+T(n—1)
(€) T(n) =n+T(3n/4)
(n)
T(n)

(d) T(n) = 2n + 2T (n/2)
n) =n?+4T(n/3)
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