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INTRODUCTION
1.1. Brief Discussion About C++
The C++ language is not that much of simple as the languages before inventing the C++ like C, COBOL, etc. But many experts in the programming language would argue that it is little bit over complicated language. Any way C++ can be used to write beautiful code. And we can able to write working programs in C++, you'll need a decent grasp of the subtleties of the language itself. But the surprising thing is most of the programmers ignore to use all the features of C++ language effectively. However this is not a bad program practice, but we can teach our self to practice those features. 
The main reason to ignore the standard library by many of the programmers is they are worried about performance. Especially the developers, who develop the games, often suffer from a syndrome where they do not trust any code that they can not mentally compile to assembly instructions on the spot. The flexibilities of the standard library and all those templates, they think, just can't be performing fast. But, In fact, the whole standard library was designed by keeping the performance in mind and most things will compile to code that is just as efficient as a solution you write yourself. 
And the other normal common reason is the programmer can code their self and not to use the predefined code that is in standard library. Although it is very educational to make everything yourself at least once, if you want to be productive you'll have to start using other people's code, it is available and it is well tested.

1.2. Introducing STL 
The Standard Template Library (STL) is a library made up of three main things those are container class templates, iterators, and algorithms. By using the STL, a computer programmer can implement number of standard types of containers - such as stacks, lists, and queues. And he can manipulate the contents of these containers in various ways. The STL provides the proof of concept for generic programming with templates.
The Expert programmers from Hawelett – Packard Multinational Organization, Alexander Stepanov and Meng Lee, were developed the STL. It was developed based on their research in the field, well known to all C++ programmers, of generic programming, with significant contributions from David Musser. The STL was developed and designed for performance and flexibility.
Each container in STL has their member functions. Some of these member functions is defined in all STL containers. Examples of STL containers are Vectors, Lists, and Deuque.

The Iterators in the STL have properties similar to those of pointers. Iterators are used by programs to manipulate the elements in STL container. However, standard arrays can be manipulated by STL algorithms, using Standard pointers as iterators. 

Algorithms in STL are functions that perform such common data manipulations as searching, sorting, and comparing elements. 

The Standard Template Library is mainly composed of generic container class templates and a set of many efficient template algorithms designed to work with, and manipulate, the containers. The classes declared and defined in STL use templates to their fullest capacity, enabling truly generic programming for C++ programmers

1.3.    Identifying STL Components

The interfaces for STL classes have been carefully designed, providing a common, uniform set of methods and identifiers that work with a wide variety of class types. There are six major components that make up STL:
· Container Classes

· Generic algorithms, to manipulate the containers

· Iterators,  acting as pointers to container elements

· Function objects, whose class specifications define an overloaded function call operator: operator()
· Allocators, to control storage

· Adaptors,  to change the interfaces  of containers, iterators, and function objects
CONTAINERS
2.1.
What is a Container?

A Container is an object that holds another object. Containers are more powerful and flexible than arrays, they grow (and often shrink) dynamically, manage their own memory, keep track of how many objects they hold, bound the algorithmic complexity of the operations they support, and much, much more. The popularity of containers is easy to understand. They are simply better than their competition, regardless of whether that competition comes from containers in other libraries or is a container type you would write yourself.

2.2.
Types of Containers


[image: image1]
2.3. Standard Sequence Containers
Sequence containers are type of containers those will store the elements in a sequence. vector, string, deque and list containers are belongs to standard sequence containers. These three containers offer the programmer different complexity trade-offs and should be used accordingly. There are differences in performance between these three main sequence container types.

Each of the sequence container classes uses the following template parameters:

template <class T, class A= allocator<T> >

In this syntax, T is the data type to use and A is the storage allocator, which defaults to the standard allocator for type T.

Each standard container class defines several public types with creative use of type definitions to implement a standard interface. All standard containers define the following types:

· value_type
 The type of element stored in the container.

· reference 
A reference to an element (such as &T).

· const_reference 
A const reference to an element

· iterator  
The iterator type that refers to values of type reference.
· const_iterator
A const iterator

· difference_type
  A signed integral type representing the difference between two iterators.
· size_type
An unsigned integral type representing the non-negative value of the difference between two iterators.

· reverse_iterator
An iterator type that refers to values of type reference and defines the increment and decrement operators opposite their normal meaning, resulting in a reverse sequence traversal.

· const_reverse_iterator
A const reverse iterator

· allocator_type
The type of allocator

· key_type
The type of key

· key_compare

The type of function that compares two keys

· value_compare
The type of function the compare two values

2.3.1.   vector
The most general purpose of the container is vector. The vector class is a container that defines a dynamic array. It is the type of sequence that should be used by default. It can change size dynamically and can be assigned to one another. It provides the better random-access performance than other containers. The vector class permits insertions and deletions at the back of the vector.
The template specification for vector is shown here:

template <class T, class A=allocator<T>> class vector

Here T is the type of the data being stored and A is the storage allocator, which defaults to the standard allocator. vector has the following constructors: 
· explicit vector(const Allocator &a=Allocator());  It defines an empty vector
· explicit vector(size_type num,const T &val=T(), const Allocator &a=Allocator());  It specifies a vector that has num elements with the value val. The value val may be allowed to default.
· vector(const vector <T, Allocator> &ob);  It defines a vector that contains the same elements as ob.
· template<class InIter> vector(InIter start, InIter end, const Allocator &a=Allocator());
it defines a vector that contains the elements in the range specified by the iterators start and end. 
Examples:

vector<int> vi; 

It creates 0 length int vector

vector<char> vc(5);
It creates 5 element char vector

vector<char> cv(5, 'p');
It initializes a 5 element char vector

vector<int> iv2(iv);
It creates an int vector from an int vector 
Some of the most commonly used member functions are:

1. size()
It returns the size of the current vector
2. begin()
It returns an iterator to the start of vector
3. end()
It returns an iterator to the end of the vector
4. push_back()
It puts a value into the end of the vector
5. insert() 
It provides the facility to add the element into the middle of the vector
6. erase().  
it removes the elements from the vector
Example 2.1: Program for Sort the elements in the vector

#include <vector>

#include <iostream>

#include<cctype>

using namespace std;

int main()

{


vector<int> v;


int i,n,ns;


cout<<"Enter the size of the vector:";


cin>>n;


v.resize (n);


cout<<"\nEnter "<<v.size ()<<" elements in to the vector:"<<endl;


for(i=0;i<v.size ();i++)



cin>>v[i];


cout<<"Contents Before Sorting:"<<endl;


for(i=0;i<v.size ();i++)



cout<<v[i]<<"\t";


cout<<"\nExpanding vector\n\n";


cout<<"\nEnter the size to Expand the vector:";


cin>>ns;


cout<<"Again Enter the elements:";


int ele;


for(i=0;i<ns;i++)


{



cin>>ele;




v.push_back (ele);


}


cout<<"\nSize is now="<<v.size ()<<endl;


cout<<"\nContents After Expanding the Vector:"<<endl;


for(i=0;i<v.size ();i++)



cout<<v[i]<<"\t";


cout<<"\nContents After Sorting:"<<endl;


int temp;


for(i=0;i<v.size ();i++)


{



for(int j=i+1;j<v.size ();j++)



{




if(v[i]>v[j])




{





temp=v[i];





v[i]=v[j];





v[j]=temp;




}



}


}


for(i=0;i<v.size ();i++)



cout<<v[i]<<"\t";


return 0;

}
Output 2.1:

Enter the size of the vector: 4
Enter the elements in to the vector:

44

33

22

11

Contents before Sorting:

44
33
22
11

Expanding Vector

Enter the size to expand the vector: 2
Again enter the elements:
66

55

Size is now = 6

Contents after expanding vector:

44
33
22
11
66
55

Contents after sorting:

11
22
33
44
55
66
2.3.2. deque:  
The deque container is double-ended queue and provides efficient index access to data. The deque is a data structure of choice when most insertions and deletions take place at the beginning or at the end of the squence.  It is, like vector, based upon array only.

2.3.3. List: 
The list container implements a doubly linked list. It supports a bidirectional, linear list. Unlike a vector, which supports random access, a list can be accessed sequentially only. It provides insertions and deletions anywhere in the list. Since lists are bidirectional, they may be accessed front to back or back to front.

The template specification for the list is:

template <class T, class Allocator=allocator<T>> class list 
Here T is the type of the data stored in the list. The allocator is specified by Allocator, which defaults to the standard allocator. It has the following constructors:

explicit list (const Allocator &a=Allocator());

It Constructs an empty list
explicit list (size_type num, const T &val=T(), const Allocator &a=Allocator());
It constructs a list that has num elements with the value val, which can be allowed to default.

list (const list<T, Allocator> &ob);
It constructs a list that contains the same elements as ob
template <class InIter> list(InIter star, InIter end, const Allocator &a=Allocator());



It constructs a list that contains the elements in the range specified by the iterators start and end
Some of the commonly used list member functions are:

 push_back()
Used to put the elements in to the list at the end of the list
push_front()
Used to put the elements in to the list at the front of the list

clear()

Removes all elements from the list 

reverse()
Reverses the invoking list
insert()

Inserts the elements into middle of the list

splice()

To join two lists

merge()
               One list may be merged into another list

Example 2.2: Program for Sort the elements using list
#include<iostream>

#include<cctype>

#include<list>

using namespace std;

int main()

{


list<int> lst;


int ele,n;


cout<<"\nEnter the size of the list:";


cin>>n;


cout<<"\nEnter the elements into the list:";


for(int i=0;i<n;i++)


{



cin>>ele;



lst.push_back (ele);


}


list<int>::iterator p=lst.begin ();


cout<<"\nNow Size of the list is:"<<lst.size ()<<endl;


p=lst.begin ();


cout<<"\nElements in the list are:"<<endl;


while(p!=lst.end())


{



cout<<*p<<"\t";



p++;


}


cout<<"\nElements in the list after sorting:\n";


lst.sort();


p=lst.begin ();


while(p!=lst.end ())


{



cout<<*p<<"\t";



p++;


}


return 0;

}
Output 2.2:

Enter the size of the list: 5
Enter the elements in to the list:

54

43

32

21

10

Now size of the list is: 5

Elements in the list are:

54
43
32
21
10

Elements in the list after sorting:

10
21
32
43
54


2.2.2.    Standard Associative Containers

The set, multiset, map and multimap containers are considered as standard associative containers because they provide direct access to store and retrieve elements via a Key. The keys of associative containers are maintained in a sorted order.

set: The set container provides rapid look-up but does not permit duplicates. If you try to   insert a duplicate key, that duplicate is ignored.

multiset: The multiset container provides rapid look-up but does permit duplicates. The order of data stored in a multiset is determined by the comparator function object that is specified when the container is created.

map: The map class provides look up using a rapid key based look up. It does not allow duplicates. The elements in the map are in the form of pairs containing keys and values. Insertions and deletions are possible at any where in the map. To insert an element into map requires a pair object that has the key and a value

multimap: The multimap containers are same as map containers but it permits duplicates. A typical use of multimap is to implement red-black binary trees.

2.2.3.    Nonstandard Sequence Containers

slist and rope containers are considered as Nonstandard sequence containers. 

slist is a singly linked list and rope is essentially a heavy duty string

2.2.4.      Nonstandard Associative Containers

These are hash table based variants like hash_map, hash_multimp, hash_set and hash_multiset.
ITERATORS

3.1. What is an Iterator?


An iterator is an extension to the pointer. Iterators are handled in our program like pointers, and they implement the standard pointer operators. They give you the ability to cycle through the contents of the container in much the same way that you would use a pointer to cycle through an array.  Iterators used by the algorithms to move through the containers. The fundamental concept of iterators is to understand C++ Standard Template Library (STL) because iterators provide a means for accessing the data stored in container classes like vectors, lists, maps,etc.
The STL provides several concepts related to iterators, several predefined iterators and a collection of types and functions to manipulate iterators. To use the Iterators in C++ program we must include the header file called <iterator>.  Using the iterator we can access the elements in the container by dereference (*).
The most common syntax to use the iterators for an STL class is
std::class_name<template_parameters>:: iterator name

where name is the name of the iterator variable to create


class_name is the name of the STL container to use in program


template_parameters are the parameters to the template used to declare the objects that will work with this iterator.


And finally, std is the namespace having collection of STL classes
For example:
The syntax for declaring an iterator for a vector container, which stores integers, is as follows:
std::vector<int> myIntVector;
//declaring a vector container stores integers

std::vector<int>:: iterator myIntVectorIterator;
//Assigning an iterator to vector container

3.2.
Basic Types of Iterators
Different operations and containers support different types of iterator behavior. In fact, there are several different classes of iterators, each with slightly different properties. There are five types of iterators as shown below:

1. Random Access Iterator – It allows storing and retrieving the elements randomly.
2. Bidirectional Iterator – It allows storing and retrieving the elements forward and backward moving.
3. Forward Iterator – It allows storing and retrieving the elements forward moving only
4. Input Iterator – It allows retrieving, but not storing, the elements forward only
5. Output Iterator – It allows storing, but not retrieving, the elements forward only
In general, an iterator that has greater access capabilities can be used in place of one that has lesser capabilities. For example, a forward iterator can be used in place of an input iterator. 

The STL also supports reverse iterators.  These are either bidirectional or random access iterators that move through a sequence in the reverse direction. Thus, if a reverse iterator points to the end of a sequence, incrementing that iterator will cause it to point one element before the end. 

Stream based iterators are available that allow you to operate on streams through iterators. Finally, insert iterator classes are provided that simplify the insertion of elements into a container.
3.3.
Predefined Iterators
The <iterator> header contains several predefined iterators that may be used directly by your program or to help create other iterators. Predefined iterators are described as follows.

1. insert_iterator – It is an output iterator that inserts anywhere in the container

2. back_insert_iterator – it is an output iterator that inserts at the end of a container only

3. front_insert_iterator – it is an output iterator that inserts at the front of a container only

4. reverse_iterator – this class supports  a reverse, bidirectional, or random access iterator
5. istream_iterator – this class supports input iterator operations on a stream
6. istreambuf_iterator – this class supports character input iterator operations on a stream

7. ostream_iterator – this class supports output iterator operations on a stream

8. ostreambuf_iterator – this class supports character output iterator operations on a stream
Example Program:

The following program is about how to access the elements in a vector using both iterative approach and traditional approach

Traditional Approach (without using iterators)

Example 3.1

#include <iostream>

#include<vector>

using namespace std;

void main()

{


vector<int> myVector;


for( int i=0;i<10;i++)


{



myVector.push_back (i);


}


for(int j=0;j<myVector.size ();j++)


{



cout<<myVector[j]<<"\t";


}

}

Output 3.1:

0
1
2
3
4
5
6
7
8
9

Iterative Approach

Example 3.2

#include<iostream>

#include<vector>

#include<iterator>

using namespace std;

void main()

{


vector<int> myVector;


vector<int>::iterator myIterator;


for( int i=1;i<=10;i++)


{



myVector.push_back (i);


}


for(myIterator=myVector.begin();myIterator!=myVector.end();

myIterator++)


{



cout<<*myIterator<<"\t";


}

}
Output 3.2:

1
2
3
4
5
6
7
8
9
10

ALGORITHMS
4.1.
Introduction
STL algorithms can be used generically across a variety of containers. STL provides many algorithms you will use frequently to manipulate containers. Some of the operations performed by using the STL containers are Insertion, deletion, search, and sort. STL provides approximately 70 standard algorithms that operate on container elements only indirectly through iterators. Many algorithms operate on sequence of elements defined by pairs of iterators - first iterator pointing to the first element of the sequence and a second iterator pointing to one element past the last element of the sequence. Also it is possible to create your new algorithms that operate in a similar fashion so they can be used with the STL containers and iterators. 
4.2.
The header <algorithm> 
It defines a collection of functions especially designed to be used on ranges of elements. A range is any sequence of objects that can be accessed through iterators or pointers, such as an array or an instance of some of the STL containers. Although, algorithms operate through iterators directly on the values, not affecting in any way the structure of any possible container (it never affects the size or storage allocation of the container).

4.3.
Types of Algorithms
According to the operations performed by the algorithm functions the STL algorithms are classified into three basic groups as follows:

1. Mutating Sequence Algorithms

2. Non Modifying sequence Algorithms

3. Numerical Algorithms

1. Mutating Sequence Algorithms:

The algorithms that will modify the sequence of elements of the container are called as Mutating Sequence Algorithms. Some of the basic algorithms that belong to this group are shown as follows:

1. Copy()

To copy the elements in a range
2. Remove()

To eliminate all the elements in the container 
3. Rotate()

To rotate the sequence of elements in container
4. Fill()

Set every element in a range of container elements to a specific value
5. Replace()

To replace all the elements with particular value
6. Swap()

To exchange the elements of container in a range 
7. Generate()
Create a value for every element in a range of container elements
8. Transform() 
To apply a general function to every element in the particular range
9. Partition()
To partitioning the container
10. Unique()

To find the duplicate values in the container elements
Example 4.1: Program for transforming the elements in the list by multiplying with 3using transform () algorithm
#include<iostream>

#include<list>

#include<iterator>

#include<algorithm>

using namespace std;

int transform_fun(int tr)

{


return tr*3;

}

int main()

{


list<int> lst;


int ele,n,i;


cout<<"\nEnter the size of the list:";


cin>>n;


cout<<"\nEnter the elements into the list:";


for(i=0;i<n;i++)


{



cin>>ele;



lst.push_back (ele);


}


list<int>::iterator p=lst.begin ();


p=lst.begin ();


cout<<"\nOriginal Elements in the list are:"<<endl;


while(p!=lst.end())


{



cout<<*p<<"\t";



p++;


}


p=transform(lst.begin (),lst.end (), lst.begin (),transform_fun);


cout<<"\nAfter Transforming the Elements in the list are:"<<endl;


p=lst.begin ();


while(p!=lst.end())


{



cout<<*p<<"\t";



p++;


}


return 0;

}

Output 4.1:
Enter the size of the list: 5
Enter the elements into the list:

4

6

9

3
7
Original Elements in the list are:
4
6
9
3
7
After Transforming the Elements in the list are:

12
18
27
9
21

2. Non Modifying Sequence Algorithms:
The algorithms that do not result in modifications of the containers to which they are applied belong to this group. Some of the algorithms belong to this group shown below:
1. Find()

used to search a value from a range of elements and returns that value
2. Count()
used to find the number of elements in the container
3. Search()
used for searching a subsequence from a sequence of elements 
4. Mismatch()
used to find the first mismatch between two sequence containers
5. Equal()

used to find two ranges are equal or not
Example 4.2: Program for finding the number of even values and odd values in the given list of elements in the vector container using Count_if () algorithm.
include<iostream>

#include<vector>

#include<algorithm>

using namespace std;

bool even(int x)

{


return !(x%2);

}

bool odd(int x)

{


return (x%2);

}

int main()

{


vector<int> v;


int i,n;


cout<<"Enter the size of the vector:";


cin>>n;


v.resize (n);


cout<<"\nEnter "<<v.size ()<<" elements in to the vector:"<<endl;


for(i=0;i<v.size ();i++)



cin>>v[i];


cout<<"Sequence:"<<endl;


for(i=0;i<v.size ();i++)



cout<<v[i]<<"\t";


cout<<endl;


int c=count_if(v.begin (),v.end (),even);


cout<<c<<" elements are even"<<endl;


c=count_if(v.begin (),v.end (),odd);


cout<<c<<" elements are odd"<<endl;


return 0;

}
Output 4.2:
Enter the size of the vector: 8
Enter 8 elements in to the vector:

24

38

64

62

21

35

79

88
Sequence:

24 
38
64
62
21
35
79
88
5 elements are even

3 elements are odd

3. Numerical Algorithms:

The numerical algorithms are in the header file <numeric>. List of numeric algorithms  described as follows:
1. Accumulate()
To sum the values in the particular range of elements in container
2. Partial_sum()
Used to calculate the sum of the values in sequence
3. Inner_product()
To calculate the sum of the products of two sequences from two conatiners

4. Adjacent_difference()
Used to calculate the difference from the previous with the current value in sequence

CONCLUSION
In our assignment we gave the brief information about introduction to C++ and STL, containers, algorithms and iterators. But in containers we mainly concentrated on Vectors and lists only. And we gave brief idea about other types of containers also. 

Using STL we can implement number of standard types of containers like Stacks, queues, lists and dequeues, etc.. The STL provides the proof of concept for generic programming with templates. A container can be defined as an object that holds another object.  The purposes of using containers are they will grow and shrink dynamically, and they will make their own memory. This will set the containers were more powerful and flexible than the arrays. 
The Vector container is the type of standard sequence container; it allows insertions and deletions from back of the vector only. But the list container allows insertions and deletions at both ends (that means list is bidirectional). We provide the example programs for each container. Those example programs are about sorting a collection of elements in containers. In list container example we used the iterator to operate the elements in the list container.

Iterators handled in our program like pointers and they implement the standard pointer operators. The STL provides several concepts related to iterators, several predefined iterators like Random access iterator, Bidirectional iterator, Forward iterator, input iterator, and output iterator and a collection of types and functions to manipulate iterators.  We must include the header file called <iterator> to use the iterators in C++ program. We explained the difference between the concepts of using iterators and without using iterators through the examples as shown in the assignment.

Then we provide brief explanation about the need of Algorithms in STL and categories of algorithms provided by STL to the programmers. STL algorithms can be used generically across a variety of containers. According the operations performed by the algorithms they can be divided into 3 basic categories such as Mutating (Changing) sequence, Non Modifying Sequence, and Numerical Algorithms.
Finally, I concluded that the concepts STL are used by the programmer who wants to do the program with less effort to make the applications. Because the STL provides several predefined algorithms, containers, and iterators to make the program easy to understand and reduce the code complexity.
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