Basic Complexity Worksheet

Name:

Provide a clear, complete, and concise answer to each question. If a problem asks for a proof, you are to provide

as rigorous of a proof as possible.
1. Give a © bound for each of the following functions. You do not need to prove it.

(a) f(z) =25+ 2% +1900 + 27 + 21z + 22

(b) f(z) = (2% + 23z + 19)(2? + 23z + 23 + 19)23 (Don’t make this one harder than it is)
(¢) f(z) = a? + 10,000z + 100,000, 000, 000

(d) f(z) =49%2% + 343"

(e) flz) =27+ +2a°

() f(x) = xlogx + x*

(g) f(zx) = log3Pg + 4000001

2. (From An Introduction to the Design and Analysis of Algorithms, Anany Levitin, section 2.1 problem 9, p52)
Indicate whether the first function of each of the following pairs has a smaller, same, or larger order of growth (to
within a constant multiple) than the second function. Use O, Q, or Big-O notation to express the relationship.

You do not need to prove it.

(a) n(n+ 1) vs 2000n2
(b) 10012 vs .01n3

(c) logon vs Inn

(d) login vs log, n?
(e) 2771 ys 27

(f) (n—=1)!vsnl!



3. Rank the following functions in increasing rate of growth. Indicate if two or more functions have the same

growth rate.

x, 22, 2%, 10000, log3®z, 2°, logx, 293, 2000001 37" 1log(x), log(230?), 21987 log(2%), 2'°82

4. Determine whether each of the following statements is true or false.

|| Question | T/F? |
a | If f(x)=0(g(x)), then f(x) grows faster than g(x)
b | If f(z) =O(g(x)), then f(z) grows faster than g(z)
c | If f(z) =O(g(x)), then f(z) grows at the same rate as g(x)
d | If f(z) =Q(g(x)), then f(x) grows faster than g(x)
e | TF f(z) = Olg(x)), then f(z) = Qg(x))
T[T f(z) = Olg(x)), then f(z) = Olg(x))
2 [T F(z) = Olg()), then f(z) = Og(2))
h [ TF f(z) = O(g(x)), then g(z) = O(f(2))
i |1 f(z) = O(g(x)), then g(x) = Q(f(x))
]| If f(z) = ©(g(x)), then f(z) = Qg(x)) and f(z) = O(g(x))
k | If fi(x) = O(g(x)) and fo(x) = O(g2()), f1(x) + fo(x) = O(max(gi(x), g2()))
I | f(z) = O(g(x)) iff f(x) = O(g(x))
m | f(z) = O(g(x)) iff g(x) = O(f(x))
n_ | f(x) = O(g(x)) iff g(x) = Q(f(z))
o | flz) =O(g(x)) iff f(z) = Qg(x)) and f(x) = O(g(x))
p | If f(z) = O(g(x)) and g(z) = O(h(x)), then f(z) = O(h(x))




5. Give the best and worst case running times (using © notation) for each of the following in terms of the size
of the input.

(a) void foo(int n) {
int foo = 0;
for(dnt i = 0 ; i < n ; i++)
foo += 1i;

(b) void ferzle(int al[l, int n) {
int ferzle = 0;
for(dnt i = 0 ; i < n ; i++) {
for(int j =0 ; j <n ; j++) {
ferzle += alil*alj];
if (ferzle==10000) {
j=n;

3

(c) void ferzle2(int n) {
int ferzle = 0;
for(dnt i = 0 ; i < n ; i++) {
for(int j =1 ; j <n; j+) {
ferzle += ix*xj;

}

(d) void ferzle3(int a[l, int n) {
int ferzle = 0;
for(int 1 =0 ; 1 < n ; i++) {
for(int j =0 ; j <mn; j+t) {
ferzle += alil*alj];
if (ferzle==10000) {
i=n;

3

(e) void gruhopl(int n) {
int gruhop = 0;
for(int i = 0 ; i < n/2 ; i++)
for(int j = 0 ; j < n/2 ; j++)
gruhop += ix*j;



(f) int sumSomeStuff(int [1A) {
int sum=0;
int i=0;
while(i < A.length) {
sum = sum + A[i];

i++;

if (sum > 100000) {
i=A.length;

}

3

return sum;

(g) int sumTimesM(int []A) {

int M = 100;

int sum=0;

for(int i=0 ; i < A.length ; i++) {

for(int j=0 ; j < M ; j++) {
sum = sum + A[j] + A[i];
if (sum==123) {
i=N

}

}

return sum;

(h) void foo(int n,int m) {
int foo = 0;
for(dnt i = 0 ; i < n ; i++)
foo++;
for(int j =0 ; j <m ; j++)
foo++;

(i) Matrix MatrixMultiply (Matrix A, Matrix B) {
Matrix C;
for(int i=0 ; i < n; i++) {
for(int j=0 ; j < mn ; j++) {
C[i]1[j1=0;
for(int k=0 ; k < n ; k++) {
Clil[j1 += A[i]l [x1*B[k1[j1;
}

3

return C;



