Algorithms

Asymptotic Notation
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BRIAR

findMax(int A[1, .., n])
{

max = A[1]

Ali]>max

for(i=2 to n)

if(A[i]>max) max=A[i]

return max ‘
} l
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Efficient Algorithm

LY

o ANANITFNAAINTTUAIAANATNH

e ANHAN N (Correctness)

® Correct: 41115137 Fivasingaesileymn (instance) Mdulill5

ATUEIARIAIAALNYNAAY
1 o . = v

® Incorrect: LiueIANN99191U UL instance Vigangmsael

ANAALINNA
= 0\ o\ . . '
o Nilsz@NBNNW (Efficient Algorithm)
® Memory: Space Complexity

® Running Time: Time Complexity
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Time Complexity

e NA190U1 Running time
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Time Complexity

N15UULARINITNINIU

Primitive Operations (+ - * / = N1981989815L9¢])
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f..(t).. then ..(t).. Else ..(t,).. : t,, t,, L,
Wi t lae t + min(t,t) <t< t + max(t,t.)

Loop : for, while
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Three cases of Analysis

e Best Case : lilun199tAT 2Nl inaans lae 1ginan lu
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For integer a and b, a < Db,

Constant series: Z{?za 1=b—-a+1

For n>0,

Linear Series: Yyieq i = 14+ 24,,,+n = n(n2+1)

Quadratic Series: 2?=1 2 =12422 4+ ...4+n% = n(n+1)6(2n+1)
2 2

Cubic Series: Z?:l 2 =13 4+234+...4+1n3 = n (n4+1)
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Logarithm

q = blogba

x=log,a "» a=b* log. (ab) = log, a + log, b

n
log, a" =nlog,a

_ log, a
In a =log_a log, a= Je
log. b
log,a=1g a
log, (1/a) =—log, a
log, a =
log°a = (log a)° 10g. b
aIog,oc: _ C|09ba

log log a = log (log a)
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Analyzing the time complexity

findMax(int A[1 .., n])

{

max = A[1]
for(i=2 to n)

if(A[i]J>max) max=A[i] c;

return max
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Analyzing the time complexity

Insertion_Sort_Algorithm(A) Constant Times
For j = 2 to length(A) C, n
key = Al j] c, n-1

/linsert A[ j ] into the sorted sequence A[1..j-1]

i=j-1 C, n-1
while i > 0 and Al i] > key G Dot
Ali+11=Ali] e > p(tj—1)
=i -1 ¢, 2o o(tj—1)
Al i+1 ] = key Ce n-1

t Hudruruasein While loop anidanlusauii j
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Analyzing the time complexity

Analyzing algorithm : Best Case
e Best Case : datais already sorted .". tj =1, Vj

N n
T(n)=c,n+ (cy*tc,) (n-1)  +cs5 )t +(cgtc,) (-1 *+Cg (n-1)
j=2 j=2

T(n) =c,n+ (c,+c,) (n-1)+c5(n-1)+ cg(n-1)
= (c,+c,*c,+c +cy)n — (c,+C,+C t Cp)
Running time -> can be express as an+b

-> a linear function of n -> O(n)
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Analyzing the time complexity

Analyzing algorithm : Worst Case

e Vorst Case : reverse sorted order = Vj

T(n) = c,n+ (c,*c,) (n-1)  +cs Zt +(Cg+C7) Z -1) +cg (n-1)

T(n) = Cln + (C2 +C4)(n —1)+C5|:n(n2+ 1) —1]+ (C6 +C7)|:n(n2— 1)] +C8(n —1)

= [(:25 + (:26 + C27} n2+[C1+ Co+Cy+ (:25 - (:26 - 027 +C8] N—(C2+C4+Cs+Cs)

Running time -> can be express as AN + bn + ¢ = O(nz)

n y
n—1)n
Z t; n(n +1) -1 Z (tj -1)= ( > ) a quadratic function of n

j=2
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Analyzing the time complexity

MIae1d while loop : A linear (sequential) search
Input: Array A[1..n] and key. x

Output: Position of key (0 , if not found)
linear_search(x, A)

1. I =n

o. | while(i>0andx# A[i]) Zl 1 =n say

I=n

3. 1=i-1

T(n) = ?

Best Case: O(1)
Worst Case : O(n)

4. return(i)
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Analyzing the time complexity

Case : for loop

1. |fori="1ton Zin—ll =n 52U
2. Al i]=0 a
3. |fori="1ton o
4 for j =1 ton Zi=1(n +1)
5. Alil=Ali]+A[]j]
n N
T(n) = c,(n+1) + c,n + c,(n+1) + ¢, Zi=1(n +1) + Ce Zi=1(n)

— 2 2
= C,|n+C,|+ C,N + 03n+ C, + c,n + C4H+C5ﬂ

— 2
= (c, +cn” +(c, +c,+c,+ ¢ n + (c, + C,)

T =an®+bn+c =~ 0(n?)
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a1ed1e Binary Search

While loop : Binary search AUILEBYANINNA T array HAWWINAL n uaz
Input: Sorted array A[1..n] and a k WNUAIINGITDN binary tree
searched key, x. kg = n
Output: Position of key (0, if not
found). l0g,2" = log (n+1)
Binary _search(x, A) k =log, (n+1)
i=1, ] =n
while (i < 7) .
m=|(i+ 3)/2] UINN LT LB URIN AR A1 TAY k+1
if x = A[m] then return (m) A
else if x > A[m] then 1 =m + AN
else j =m - T(n)="?

return (0)

Worst Case : O(log n)
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Analyzing the time complexity

wuiielniim Selection sort algorithm to solve the sorting problem

Input: data array A[1..n]
Output: sorted data array A

Selection_Sort(A)
fori = n downto 2
j=1
for (k = 2; k <=1i; k++)
if (Alj] <A[K] )thenj=Kk;

swap(A,i,j)

T(n) =7
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Analyzing the time complexity

Wil nim Function1 1

int Function1_1(int n)

{ int sum,i,j,k;

/1% sum=0;

[*2*/ for (i=n;i>0;i=i/2)
<3*  for (j=1; j<=n; j++)

[*4%/ sum-—++;:

/*5*/  return sum;

}
T(n) =7
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Analyzing the time complexity

= (-4 b
wuLelnim Function1 2 Zk=a1= b—a+1

int Function1_2( const int A[ ], int N )

{ int sum, MaxSum, i, j, k;

/* 1*/ MaxSum = 0;

/< 2% for(i=1;i<=N;i++)

* 3% sum = 0;

/44 for(j=i;j <= N;j++){

[* 5%/ sum += Al ];

/* 6%/ if (sum>MaxSum ) then MaxSum = sum; }

[* 7% return MaxSum;

T(n) =7
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