CMPE 300 ANALYSISOF ALGORITHMS 23.11.2015
MIDTERM

1. For each of the following pairs of functions, either f(n) € O(g(n)), f(n) € Q(g(n)), or f(n) €
©(g(n)). For each pair, determine which relationship is correct. Justify your answer.

a) f(n)=logn’:g(n)=logn+5
b) f(n) = Vn: gin) = log n?

c¢) f(n) =log’ n:g(n) =logn

d) f(n)=n; g(n) =log®n

e) f(n)=nlogn+n;g(n)=1logn
f) f(n) =log n% g(n) = (log n)’
g) f(n)=10; g(n) =log 10

h) f(n) = 2" g(n) = 10n

i) f(n)=2"g(n)=nlogn

i) f(n)=2"9g(n)=3"

k) f(n)=2"g(n)=n"

a) Give the definition of the Master Theorem.
b) Solve the following recurrence relation using the Master Theorem.
T(n) =3 T(n/5) + 8 n?, T(1)=c
c) Solve the following recurrence relation using the Master Theorem.
T(n)=2T(n/2) +n, T(1)=c
d) Find the exact closed-form solution for the following recurrence relation. Assume that
n is a power of 2. (Do not use the Master Theorem.)
T(n)=2T(n/2) + n, T(2)=2

3. Find the worst-case complexity of Binary Search for any data size n. You must find the
exact complexity. (If interpolation is necessary, do not use the interpolation theorem;
show it step by step.)

4. Counting Sort algorithm is as follows: We have a list L[1:n] of size n and we assume that
the list elements are integers in the range from 1 to k. In the first pass, the algorithm
counts the number of elements with each input value and stores these counts. In the
second pass, the algorithm uses these counts to place the elements in their correct
positions.

Example: Suppose that L=[5, 8, 8, 2, 4, 5, 4, 8, 5, 5], n=10, k=8.

1st pass: The algorithm calculates that “there is 1 element with value 2”, “there are 2
elements with value 4, “there are 4 elements with value 5”, “there are 3 elements with
value 8”, and there are 0 elements with other values between 1 and 8.

2nd pass: The algorithm puts the sorted values in an output list. One position in the output
list will be reserved for value 2; beginning from position 2, two positions will be reserved
for value 4; beginning from position 4, four positions will be reserved for value 5;
beginning from position 8, three positions will be reserved for value 8. Then the values are
inserted.

Write this algorithm in pseudocode. Analyze its complexity. In which cases this algorithm
is efficient?

(continued on next page)



Notes:

Where pseudocode is required, the syntax of the pseudocode must be strictly followed. No
points will be given if the syntax is not followed or any other language (e.g. C) is used.
Questions 1-4 : 25 points

Time: 1:50 hours

Close notes and books

Kim bilir ne oldu ne bitti gece uyurken
Uyandim ki tabiat o degil baskasidir
Nerden esiyor bu serbet gibi hava nerden
Cigek agmis agag hangi kizin riyasidir.

Glizelligine imrendigimiz diinyasinda
Cocugun saltanatini gor arabasinda
Ne var ki su gegen yosmanin kiritmasinda
Gencin ihtirasi yaslinin hatirasidir.

Gel badyle havada kendini emniyette bil

Bir bakis bir giillisle garpilmak isten degil
Cektigim agri kalpten bermutad disten degil
Bildim bileli bahar basimin belasidir.



