Lecture 1
Part A

Measuring Running Time via Experiments



Example Experiment

Computational Problem:
o Input: A character ¢ and an integer n

o Qutput: A string consisting of n repetitions of character ¢
e.g., Given input Y+’ and 15, OUIPUL * % % % % % % % % x % % * * .

Algorithm 1 using String Concatenations:

public static String repeatl (char ¢, int n)
String answer = "";
for {(int 1 = D5 1 € mp 1 4+ |
}

BUNSEIE =

return answer;

public static String repeat’Z(char c, int n)
StringBuilder sb = new StringBuilder();

for (int i = 0; 1 < n; i ++) { [sb.appen

return sb.tostringl(); |



Lecture 1
Part B

Counting Primitive Operations
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Example 1: Counting Number of Primitive Operations . . . .

a@é(zsfﬁ

1 §int findMax (int ] int @, {
2 @ currentMax e - - Cob
3 1nt 1 {

4 ]2 cgrentMax L+t

S (J) 1 currentMax

6( G ++>i : L@_(:'l' ]
g

return currentMax; } .
7 .

2t -
Q. # of times i < n in'Line 3 is executed? Al + ¢ ) o)
1gc,C) = (+43) +Zéﬂ—é) H
s

>
Lé‘e C‘A'>+l ;ﬁ-t;/&lad = Tn -2
Q. # of ’rlmes loop body (Lines 4 to 6) is executed?

|




Example 2: Counting Number of Primitive Operations

1 boolean foundEmptyString = false;
2 int 1 # 0;
3 while (!foundEmptyString && 1 < names.length) {
4 if (names[i].length() =20) ({ T
9 /* set flag for parly exit #*/ o
6 foundEmptygtrin = ti'/ue; .‘L
g } A M\" 1
i=1i+1;
< B ‘ I
Q. # of timés Line 3 is/executed? ol
7 viawls. [eatn] + (U Wa vis. gt
Q. # of times lo}?p body (Lines 4 to 8) is executed? (&)
YiLwbs. I

Q. # of POs in the'loop body (Lines 4 to 8)?
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Asymptotic Upper Bound






f(n) e O(g(n)) if there are:

o Areal constantc >0
o An integer constant ny > 1

such that:

Running Time

Example:

f(n) =8n + 5
g(n) =n

Prove:

f(n) is O( g(n) )

Choose:
9 $

C =
What abou’r







We prove by choosing

If f(n)is a polyn\9mlal of degree @, i.e.,

f(n) a-m+a -0+ +ag i

and ag, ay, . .., ay are integers (i.e., negative, zero, or positive), mt L bélt’l
then f(n) is O(nY) . Mt T ‘(:xé f"
o &é'l_d_
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O(_g(n) ): A Set of Functions

Each member f(n) in O( g(n) ) is such that:
Higest Power of f(n) <= Highest Power of g(n)
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Asymptotic Upper Bounds
of Math Functions



Asymptotic Upper Bounds: Example (1)

5 +3n-logn+2n+5is O(n?)

0

L= lel+ 13l ¢ [2] + l€] = £
Vo= 1

foy ¢ 68 Jy an)



Asymptotic Upper Bounds: Example (2)

20 On 10n-logn +5is O(n®)

0¢)

2ol + Jiol ¢ €] = 2

[ -
fo= |
Jy ¢ 367 o A% 1



Asym
ptotic
Upper Bounds: Ex
ample (3)
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Asymptotic Upper Bounds: Example (4)

A (= l4l=
J\'\'Z \/\ (Z% e= T




Asymptotic Upper Bounds: Example (5)

"+d00)- logn is O(n)

o) L= |2l + loo] =loZ
fo=1 —+

o—
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