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Algorithm is a complete, step-by-step procedure for solving a specific problem.

Problem — Solution — Algorithm — Program

Algorithm:
A tools for solving awell-specified computational problem.
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Input: sequenceof number = { SORTING } =» Output: An ordered permutation of input
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Problem: Add al numbersin the array S of n numbers.
Inputs: positive integer n, array of numbers S indexed
from1ton.

Output: sum, the sum of the numbersin S

number sum (int n, const number g])

{
index i;
number result;
result = 0;

for (i =1 i<=n;i++)
result = result + JiJ;
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Problem:Isthe key x inthe array S of n keys?
Inputs: positive integer n, array of keys Sindexed from 1

ton, and akey x.

Output : location,

thelocation of x in S(0if xisnotin S)

void segsearch (int n, const keytype J], keytype X,

{

location = 1;

index& location)

while (location <=n && S[location] !=x)
location ++;
if (location > n)

return result; location = 0;
} }
Alg. 1-2 Alg. 1-1
¢ (Pseudocode) AS e & gww 92
use if (i<x<j) instead if (i<=x && x<=j)
use exchangexandy instead ?
comparison C++ Symbol Operator | C++ Symbol
X=Yy X== and &&
X #y x!=y or I
X2y X>=y not !
X<y X<=y
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void matrixmult (int n, const number A[][], B[][], humber C[][])
{ void exchangesort (int n, keytype g])
index i, j, k; { index i,j;

for (i =1i<=n;i++)
for (j =1;j<=n;j++)
{ Clillil1 =0;
for (k =1, k<=n; k++)
Cli1[i] += Ali][KIxBIKI[]] ;

Alg. 1-4

for (i =1 i<=n;i++)
for  =i+1,j<=n;j++)
if (S]] < di])
exchange gJj] and Ji];

Alg. 1-3

=

Different algorithms for the same problem may have different efficiency/complexity.

Examples:

Sequential Search v.s Binary Search

nth Fibonacci Term (Recursive v.s lterative)
Insertion Sort v.s Bubble Sort

Direct Multiplication v.s Fast Multiplication
Exponential Computation (Recursive v.s lterative)
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void binsearch (int n, const keytype ], keytype x,

@17 o3l A o Sl 4w Bo Sl index& location)
Sequential Search |Binary Search {
index low, high, mid;
128 128 8 low=1; high=n; location=0;
while (low <=high && location==0)
1024 1024 = { mid=L(ow+ high)/2
1048576 1048576 21 if (x==9mid] )
location = mid ;
4294967296 4294967296 33 dseif (x<gmid])
high = mid-1;
elselow=mid + 1;
}
}
Alg. 1-5
(Fibonacci Sequence) <2 6gmd (5
fo=0,f =1, fo="fn1+ o2

fn:0,1,1,2 358,13, 21, 34,55, 89, 144,...
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int fib_lterative (int n)
index i int f[0.n];  f[0]=O; '{n 'b_Recursive (int n)
it (n>0) if (n<=1)
{ T[]=1 return n;
for (i=2; i<=n; i++) dse ’
wurn [:]][;'] =f0-1] +f[i-2); '} } return (fib_Recursive(n-1) + fib_Recursive (n-2));
}
Alg. 1-7 Alg. 1-6

If T(n) isthe number of termsin the recursion tree corresponding to Alg. 1.6, then, for n> 2,
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T(n) > 2"
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Execution Time | Execution Time
n | n+l 2" Using Alg. 1-7 Using Alg. 1-6
40 | 41 1048576 41 ns 1048 ms
60 | 61 1.1x109 61 ns 1s
80 | 81 1.1x1092 81ns 18 min
100 | 101 | 1.1x1015 101 ns 13 days
120 | 121 1.2x1018 121 ns 36 years
160 | 161 1.2x1024 161 ns 3.8x107 years
200 | 201 1.3x1030 201 ns 4x1013 years

Complexity Analysis
o Time Complexity: CPU time, number of computations
o Memory Complexity: memory consumption
o Power Complexity: power consumption

Correctness Analysis
Develop a proof that the algorithm actually does what itis supposed to do

Applying the Theory
Overhead instruction, control instructions, basic operations,
Efficiency of two algorithms depends on the input size n.
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Every-Case Time Complexity T(n)
The number of times the algorithms does the basic operation.
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Worst-Case Time Complexity W(n)
The maximum number of times the algorithm will ever do its basic operation.
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Average-Case Time Complexity  A(n)
The average of the number of times the algorithms does the basic operation.

Al o re 8 Gl (T

Best-Case Time Complexity B(n)
The minimum number of times the algorithm will ever do its basic operation.
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