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Exercise 1 [20 points]

Let T, (n) be the total number of times the x = x + 3 command is executed by procedure
Puzzlel(), and T,(n) be the total number of times the x = x + 3 command is executed by
procedure Puzzle2(). Calculate 7;(n) and T,(n). Analyze the order (denoted as O notation)
of T} (n) and Ty (n).

procedure Puzzlel(integer n) { procedure Puzzle2(integer n)
for 1 = 1 to sqrt(n) do for 1 = 0 to 2n do
for j = i to n do if 1 is even then {
for k = 1 to 2n do for j = 1 to n do x = x+3;
X = X+3; }

} }

Exercise 2 [25 points]
a. Which of the following is true and why?

e n?—2n—7=0(n?) [5P]
s nx " (3% (i+1)=0(n?) [5P]
* n?logn? —nlogn —n = O (n?logn) [5P]
b. Study the asymptotic complexity (using the © notation) of the function:

f(n) = 10n3logn® +n3y/n —nlogn —5 [10P]

Exercise 3 [20 points]
Solve the following recursive relations using iterative substitution.

a. - B 1, for n € {0,1} [5M]
(n) = 3T(|_%J) + 3n, otherwise

b T(n) 1, forn <0 [5M]
i T(n—c)+c-n, otherwise, where c is an integer constant

For the recursive relation of question a, the following are requested:
c. Draw the recursion tree. [5P]

d. Verify, using mathematical induction, that the solution you found with iterative [5P]
substitution is correct.



Exercise 4 [15 points]
Consider the following function, which performs Egyptian multiplication:
0, ify=0
m(x,y) = m(m +x, %), if y even, and y # 0
x+m(z,y—1), ifyadd,and y#0
a. Present pseudocode for a recursive function [5P]

int EgyptianMultiplication(int x, int y)

which will perform Egyptian multiplication according to the above recursive
formula.

b. Trace the execution of EgyptianMultiplication(5,20) (i.e., provide a detailed ex- [10P]
planation of its execution, as well as the activation records in memory, when
called with x = 5and y = 20).

Exercise 5 [20 points]

InsertionSort() canbe expressed as a recursive procedure in the following way. To sort the
array A[1..n], we recursively sort the subarray A[1..n-1] and then we insert the element
A[n] into the sorted subarray A[1..n-1].

a. Present pseudocode for this recursive version of InsertionSort().

b. Formulate a recursive relation for the runtime of this recursive version of
InsertionSort().

c. Solve the recursive relation you proposed in question b. and study (based on the O and
Q2 notations) the order of complexity of the recursive version of InsertionSort().

d. What is the space complexity of the algorithm (i.e., how much memory is required to
run the algorithm)?
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