
 

  

 

 

 

The analysis of algorithms often requires us to draw upon a body of 

mathematical tools. Some of these tools are as simple as high-school 

algebra, but others, such as solving recurrences, may be new to you. This 

part of the book is a compendium of the methods and tools we shall use 

to analyze algorithms. It is organized primarily for reference, with a 

tutorial flavor to some of the topics. 

We suggest that you not try to digest all of this mathematics at once. Skim 

the chapters in this part to see what material they contain. You can then 

proceed directly to the chapters that focus on algorithms. As you read 

those chapters, though, refer back to this part whenever you need a better 

understanding of the tools used in the mathematical analyses. At some 

point, however, you will want to study each of these chapters in its 

entirety, so that you have a firm foundation in the mathematical 

techniques. 

• As an effective method, an algorithm can be expressed within a 

finite amount of space and time, and in a well-defined formal 

language for calculating a function.  

• Starting from an initial state and initial input (perhaps empty), the 

instructions describe a computation that, when executed, proceeds 

through a finite number of well-defined successive states, 

eventually producing "output" and terminating at a final ending 

state.  
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Informally, an algorithm is any well-defined computational procedure 

that takes some value, or set of values, as input and produces some value, 

or set of values, as output. An algorithm is thus a sequence of 

computational steps that transform the input into the output. 

 

 

 

 

 

 

 

 

 

 

We can also view an algorithm as a tool for solving a well-

specified computational problem. The statement of the problem specifies 

in general terms the desired input/output relationship. The algorithm 

describes a specific computational procedure for achieving that 

input/output relationship. 
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This problem arises frequently in practice and provides fertile ground for 

introducing many standard design techniques and analysis tools. Here is 

how we formally define the sorting problem. 

 

 

 

 

 

 

Given an input sequence such as 31, 41, 59, 26, 41, 58 , a sorting 

algorithm returns as output the sequence 26, 31, 41, 41, 58, 59 . Such an 

input sequence is called an instance of the sorting problem. In general, 

an instance of a problem consists of all the inputs (satisfying whatever 

constraints are imposed in the problem statement) needed to compute a 

solution to the problem. 

Sorting is a fundamental operation in computer science (many programs 

use it as an intermediate step), and as a result a large number of good 

sorting algorithms have been developed. Which algorithm is best for a 

given application depends on the number of items to be sorted, the extent 

to which the items are already somewhat sorted, and the kind of storage 

device to be used: main memory, disks, or tapes. 
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Output: A permutation (reordering) of the input 
sequence such that. 



 

 

 

MATHEMATICAL FOUNDATIONS 

 

Software professionals live with programs. In a very simple language, one 

can program only for something that follows a well-understood, no 

ambiguous logic. The Mathematical Foundations knowledge area (KA) 

helps software engineers comprehend this logic, which in turn is 

translated into programming language code. In this KA, techniques that 

can represent and take forward the reasoning and judgment of a software 

engineer in a precise (and therefore mathematical) manner are defined and 

discussed. The language and methods of logic that are discussed here 

allow us to describe mathematical proofs to infer conclusively the 

absolute truth of certain concepts beyond the numbers. In short, you can 

write a program for a problem only if it follows some logic. The objective 

of this KA is to help you develop the skill to identify and describe such 

logic. The emphasis is on helping you understand the basic concepts 

rather than on challenging your arithmetic abilities. 

Many of the formulas in this lecture can be found in any calculus text, but you 

will find it convenient to have these methods compiled in one place. 

Calling syntax 

double x = sin(23.4); 

Example 

#include <iostream> 

#include <math.h> 

using namespace std; 

int main(){ 

   double x = 45.3; 

   cout << "sin ( "<<x<<" ) = " << sin(x) << endl; 

} 

Output 

sin( 45.3 ) = 0.968142 
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Cosine 

The cosin or cos method is used to calculate the cos of the angle 

given as an argument in degrees. This function accepts one double integer 

as an argument and returns a double integer which is the value of cos(x°). 

double cos(double) 

Calling syntax 

double x = cos(23.4); 

 

Example 

#include <iostream> 

#include <math.h> 

using namespace std; 

int main(){ 

   double x = 45.3; 

   cout << "cos ( "<<x<<" ) = " << cos(x) << endl; 

} 

Output 

cos( 45.3 ) = 0.2504 
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Sqrt (square root) 

Sqrt function in C++ returns the square root of the double integer 

inside the parameter list. The method accept a double integer value as 

input find square root and returns a double integer as output. 

double sqrt( double) 

Calling syntax 

double x = sqrt(25.00) 

Example 

#include <iostream> 

#include <math.h> 

using namespace std; 

int main(){ 

   double a =25 ; 

   cout << "sqrt( "<<a<<" ) = " << sqrt(a) << endl; 

} 

Output 

sqrt( 25 ) = 5.00 
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Floor 

The floor function is used to return the floor value of the given double 

integer. floor value means rounded down value. the function accepts a 

double value as input and Returns double integer value calculated using 

floor(). 

double floor( double) 

Calling Syntax 

double x = floor(5.24) 

Example 

#include <iostream> 

#include <math.h> 

using namespace std; 

int main(){ 

   double a =6.24 ; 

   cout << "floor( "<<a<<" ) = " << floor(a) << endl; 

} 

Output 

floor( 6.24 ) = 6 
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Ceil 

The ceil function is used to return the ceil value of the given double 

integer. ceil value means rounded up value. the function accepts a double 

value as input and Returns double integer value calculated using ceil(). 

double ceil( double) 

Calling Syntax 

double x = ceil(5.24) 

Example 

#include <iostream> 

#include <math.h> 

using namespace std; 

int main(){ 

   double a =6.64 ; 

   cout << "ceil( "<<a<<" ) = " << ceil(a) << endl; 

} 

Output 

ceil( 6.64 ) = 7 
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Abs 

The abs function returns the absolute value of the integer value. The 

function accepts an integer value and returns an integer value that has the 

same magnitude but positive sign. 

double abs( double) 

Calling Syntax 

double x = abs(-512) 

Example 

#include <iostream> 

#include <math.h> 

using namespace std; 

int main(){ 

   int a = -345 ; 

   cout << "abs( "<<a<<" ) = " << abs(a) << endl; 

} 

Output 

abs( -345 ) = 345 
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