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Difference between Structured Programming and Object Oriented Programming:
* Structured Programming is designed which focuses on process/ logical structure and
then data required for that process
* Structured programming follows top-down approach.
* Object Oriented Programming is designed which focuses on data.
 Object oriented programming follows bottom-up approach.
What is the difference between top down and bottom up approaches
* Top Down approach is taking a "COMPLEX SYSTEM" and breaking it down to
the "SIMPLE INDIVIDUAL COMPONENTS" to gain a better understanding of
the inner layers. Simply putting, it's like decomposition, ie; breaking into smaller
parts.
* A Bottom Up approach is building up a "COMPLEX SYSTEM" by piccing together
"SIMPLE INDIVIDUAL COMPONENTS". You work your way up to the final
outcome by inter-relating individual blocks.

An Introduction to C++ Class:

When we define a class, we define a blueprint for a data type. This doesn't actually define any
data, but it does define what the class name means, that is, what an object of the class will
consist of and what operations can be performed on such an object.

Class is an extension to Structure in ¢

We'll observe that a structure is just a collection ofva:'ionsvtypea
example, all these vmables can be accessed through the

Tist thie, way/SMruciiise S6C Dealetes or . SN
functions.
A class definition starts with the keyword class followed by th
body, enclosed by a pair of curly braces. A class definition must be follo:
semicolon or a list of declarations. For example, we defined the Box d
keyword class as follows:
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All C++ programs are composed of the following two fundamental elements:

» Program statements (code): This is the part of a program that performs actions and
they are called functions.

+ Program data: The data is the information of the program which affected by the
program functions.

Data Abstraction and Encapsulation in C++

Data encapsulation is a mechanism of bundling the data, and the functions that use them
and data abstraction is a mechanism of exposing only the interfaces and hiding the
implementation details from the user. i

C++ supports the properties of encapsulation and data hiding through the creation of user-
defined types, called classes. We already have studied that a class can contain private,
protected and public members. By default, all items defined in a class are private.

The difference between Encapsulation & Abstraction:

e Encapsulate hides variables or some implementation that may be changed so often in
a class to prevent outsiders access it directly. They must access it via getter and setter
methods.

e Abstraction is used to hiding something too but in a higher degree(class, interface).
Clients use an abstract class(or interface) do not care about who or which it was, they
just need to know what it can do.

¢ Encapsulation is used for hide the code and data in a single unit to protect the data
from the outside the world. Class is the best example of encapsulation.

e Abstraction refers to showing only the necessary details to the intended user. As the
name suggests, abstraction is the "abstract form of anything". We use abstraction in
programming languages to make abstract class. Abstract class represents abstract
view of methods and properties of class.

» Abstraction is implemented using interface and abstract class while Encapsulation is
implemented using private and protected access modifier.

Declaring Class Objects and Invoking Member Functions:

* A class provides the blueprints for objects, so basically an object is created from a
class. We declare objects of a class with exactly the same sort of declaration that we
declare variables of basic types. Following statements declare two objects of class

Box:




Both of the objects Box1 and Box2 will have their own copy of data members.
A member function of a class is a function that has its definition or its prototype
within the class definition like any other variable. It operates on any object of the
class of which it is a member, and has access to all the members of a class for that
object.

Member functions can be defined within the class definition or separately using scope
resolution operator, ::. Defining a member function within the class definition
declares the function inline, even if you do not use the inline specifier. So either you
can define getVolume() function as below:

e If youlike you can define same function outside the class using scope
resolution operator, :: as follows:

* Here, only important point is that you would have to use class name just
before :: operator. A member function will be called using a dot operator (.) on
ted to that object only as follows:

» Let us put above concepts to set and get the value of different class members
in a class:
#include <iostream.h>




using namespace std;
class Box

{
public:

double length; /Il Length of a box -

double breadth; // Breadth of a box
double height; // Height of a box
| // Member functions declaration
double getVolume(void);
void setLength( double len );
void setBreadth( double bre );
void setHeight( double hei );
| ks
// Member functions definitions
double Box::getVolume(void)
| {
. return length * breadth * height;
}
void Box::setLength( double len )
{
length = len;
}
void Box::setBreadth( double bre )
{

breadth = bre;
1
void Box::setHeight( double hei )
{

height = hei;
}
// Main function for the program

| int main() {




\ Box Box1; // Declare Box1 of—ty;; Box
Box Box2; // Declare Box2 of type Box '
double \-xolume =0.0; // Store the volume of a box here

// box 1 specification

Box1.setLength(6.0);

. Boxl.setBreadth(7.0);

Box1.setHeight(5.0);

// box 2 specification

Box2.setLength(12.0);

Box2.setBreadth(13.0);

Box2.setHeight(10.0);

// volume of box 1

volume = Box1.getVolume();

cout << "Volume of Box1 : " << volume <<end];

// volume of box 2

volume = Box2.getVolume();

cout << "Volume of Box2 : " << volume <<endl;
|

. return 0;

In the above example methods name with get are called getter methods, similarly with set
called setter methods. ;
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Sparse Matrix Multiplication

Sparse matrices, which are common in scientific applications, are matrices in which
most elements are zero. To save space and running time it is critical to only store the
nonzero elements. A standard representation of sparse matrices in sequential
languages is to use an array with one element per row each of which contains a
linked-list of the nonzero values in that row along with their column number, A
similar representation can be used in parallel. In NESL a sparse matrix can be
represented as a sequence of rows, each of which is a sequence of (column-number,
value) pairs of the nonzero values in the row. The matrix

20 -1.0 0 0
-1.0 20 -1.0 0
0 -1.0 20 -1.0
0 0 -1.0 2.0
is represented in this way as
A= [[(0, 2.0}, (1, =1.0%1,
[(0, -1.0), (1, 2.0), (2, =1.0)1,

[ -1:0); (2, 2.0}, (3, -1.0)1,
[Ezr _1-0Jr [3; 2.0}]]

where a is a nested sequence. This representation can be used for matrices with
arbitrary patterns of nonzero elements since each subsequence can be of a different
size.

A common operation on sparse matrices is to multiply them by a dense vector. In such
an operation, the result is the dot-product of each sparse row of the matrix with the
dense vector. The NESL code for taking the dot-product of a sparse row with a dense
vector x is: '

sum({v * x[11 : (i,¥v) In row}):

This code takes each index-value pair (i, v) in the sparse row, multiplies v with

the i # value of x, and sums the results. The work and depth is easily calculated using
the performance rules. If » is the number of non-zeros in the row, then the depth of the
computation is the depth of the sum, which is O(log n), and the work is the sum of the
work across the elements, which is On).

The full code for multiplying a sparse matrix A represented as above by a dense
vector x requires that we apply the above code to each row in parallel, which gives




[ 1 i el ]
This example has nested parallelism since there is parallelism both across the rows
and within each row for the dot products. The total depth of the code is the maximum
of the depth of the dot products, which is the logarithm of the size of the largest row.
The total work is proportional to the total number of nonzero elements.

functionsparse_matrix_mult(A,x) =
{sum({v * x[i] : (i,v) in row})

:row in A}

% An example matrix and vector %
A=[[(0, 2.0), (1,-1.0)},
[(0, -1.0), (1, 2.0), (2, -1.0)],
[(1,-1.0), (2, 2.0), (3, -1.0)],
((2,-1.0), (3, 2.0)]);

x=[1.0, 0.0, -1.0, 0.0];

% Try it out %

sparse_matrix_mult(A,x);




Program:

#include<iostream>
#tinclude<process.h>
#include<conio.h>

using namespace std;

//This program implements the linked list
representation of Sparse matrix
// for multiplying two Sparse Matrices
class Sparse

{

inti,j,k;

public:

Sparse *next;

Sparse()

{

i=j=k=0;

}

Sparse(inti,int j)

{

this->i=i;

this->j=j;

}

voidSetNonZeroElements(Sparse *head,int k)

{

head->k=k;

}

void accept(inti,intj,int k)

{

this->i=i;

this->j=j;

this->k=k;

}

void display()

{

cout<<ic<" "<<je<!" "e<k<<endl;
}
intvalidateSparseMultiplication(Sparse
*head1,Sparse *head2)

{

if (head1->jl=head2->i)

return 0;

else

return 1;

}

intMaxRow(Sparse *head)

{

if (head!=NULL)

return head->i;

else

return 0;

}

intMaxCol(Sparse *head)

{

if (head!=NULL)

return head->j;

else

return 0;

}

intRCValueExists(int ,int ,Sparse *);
voidAddToElementl)(int,int,int,Sparse *);
k .
int Sparse::RCValueExists(inti,intj,Sparse *head)
{ Sparse *ptr=head->next; '
for(;ptr!=NULL;ptr=ptr->next)

{

if ((ptr->i==i) && (ptr->j==j))

returnptr->k;

}

return 0;

}

void
Sparse::AddToElementl)(inti,intj,intk,Sparse
*head)

{

Sparse *ptr=head->next;
for(;ptr!=NULL; ptr=ptr->next)
{

if ((ptr->i==i) && (ptr->j==j))
ptr->k=ptr->k+k;

return;

}

return; $od




}

int main()

{

intr,c,i,j, k,ctr;

Sparse
*A,*B,*C,*start1,*start2, *start3,* ptrl, *ptr2;

//Accept Details Regarding First Matrix & Its
Elements

cout<<endi<<"Enter no of rows in first sparse

matrix: ";

cin>>r;

cout<<endl<<"Enter no of columns in first
sparse matrix : ";

cin>>c;

cout<<endl<<"\t"<<"Enter elements of matrix

A'"<<endl<<endl;

ctr=0;

A=new Sparse(r,c);

startl=A;

for(i=1;i<=r;i++)

for(j=1;j<=c;j++)

{

cout<<"Enter element of "<<i<<"th row and
"<<j<<"th column : *;

cin>>k;

if (kl=0)

{

A->next=new Sparse();

A=A->next;

A->accept(i,j,k);

ctr++;

}

}

A->next=NULL;
A->SetNonZeroElements(start1,ctr);

//Accept Details Regarding Second Matrix B &

Its Elements

cout<<endl<<"Enter no of rows in second
sparse matrix: ";

cin>>r;

cout<<endl<<"Enter no of columns in second
sparse matrix : ";
cin>>c¢;

-cout<<endl<<"\t"<<"Enter elements of matrix

B"é::endl«en'dl;

ctr=0;

B=new Sparse(r,c);

start2=B;

for(i=1;i<=r;i++)

for(j=1;j<=c;j++)

{

cout<<"Enter element of "<<i<<"th row and
"e<j<<"th column : *;

cin>>k;

if (k!=0)

{

B->next=new Sparse();

B=B->next;

B->accept(i,j, k);

otrk; -

}

}

B->next=NULL;
B->SetNonZeroElements(start2,ctr);

cout<<endl<<"\t"<<"Sparse Matrix A"<<end|;
//Display stored elements of Matrix A
for(ptri=start1;ptrll=NULL;ptri=ptrl->next)
ptrl->display();

cout<<endl<<"\t"<<"Sparse Matrix B"<<endl;
//Display stored elements of Matrix B
for(ptri=start2;ptrl!=NULL;ptrl=ptrl->next)
ptri->display();

//Validate Matrix Multiplication

if (A-
>validateSparseMultiplication(start1,start2)==0)
{

cout<<"Number of columns in Matrix A should
be equal to"<<endl;

cout<<"Number of rows in Matrix B"<<endl;

}




C=new Sparse(r,B->MaxCol(start2));
start3=C;

ctr=0;

for(i=1;i<=A->MaxRow(start1);i++)
for(j=1;j<=A->MaxCol(start1);j++)
for(k=1;k<=B->MaxCol(start2);k++)

{

if (A->RCValueExists(i,j,start1)!=0 8&& B-
>RCValueExists(j, k,start2)!=0)

{

if (C->RCValueExists(j,k,start3)==0)

{

C->next=new Sparse(i, k);

C=C->next;
C->accept(i,k,A->RCValueExists(i,j,start1)*B-
>RCValueExists(j,k,start2));

}

else

{

C->AddToElementli(i,k,A-
>RCValueExists(i,j,start1)*B-
>RCValueExists(j,k,start2),start3);

}

ctr++;

}

}

C->next=NULL;
C->SetNonZeroElements(start3,ctr);
cout<<endl<<"\t"<<"Resultant Matrix"<<end|;
for(ptr2=start3;ptr2|=NULL;ptr2=ptr2->next)
ptr2->display();
}




