Data Structure Tutorial
Computer Science is the study of data, its representation and transformation by Computer. For every data object, we consider the class of operations to be performed and then the way to represent the object so that these operations may be efficiently carried out. We require two techniques for this:
· Devise alternative forms of data representation

· Analyse the algorithm which operates on the structure.

These are several terms involved above which we need to know carefully before we proceed. These include data structure, data type and data representation.
A data type is a term which refers to the kinds of data that variables may hold. With every programming language there is a set of built-in data types. This means that the language allows variables to name data of that type and provides a set of operations which meaningfully manipulates these variables. Some data types are easy to provide because they are built-in into the computer’s machine language instruction set, such as integer, character etc. Other data types require considerably more efficient to implement. In some languages, these are features which allow one to construct combinations of the built-in types ( like structures in ‘C’). However, it is necessary to have such mechanism to create the new complex data types which are not provided by the programming language. The new type also must be meaningful for manipulations. Such meaningful data types are referred as abstract data type.

ABSTRACT DATA TYPE:

An abstract data type can be assumed as a mathematical model with a collection of operations defined on that model i.e. an ADT is a new data type derived or created from basic or built in data type based on a particular logical or mathematical model.

For Example:


Set of integers consisting of different numbers may be an ADT. A set is a combination of more than one integer, but the operations on set is a generalized operation of different integers such as union, intersection, product, and difference. Above ADT or set encapsulates different mathematical operations and generalizes operations on ADT.

Basic Properties of ADT are: -
(i) Encapsulation and

(ii) Generalization

Let us consider the following example:

Struct student

{

   int rno;

   char name[21],branch[11]

    int marks;.

};

         The above structure can be used to collect or retrieve the information of a student. The structure can be called as ADT if all the operations on student can be performed using the structure.

DATA STRUCTURE:

          An implementation of abstract data type is data structure i.e. a mathematical or logical model of a particular organization of data is called data structure.

           Thus, a data structure is the portion of memory allotted for a model, in which the required data can be arranged in a proper fashion.

Types:- 
A data structure can be broadly classified into  
(i)  Primitive data structure 

(ii) Non-primitive data structure 

 (i) Primitive data structure          

             The data structures, typically those data structure that are directly operated upon by machine level instructions i.e. the fundamental data types such as int, float, double incase of ‘c’ are known as primitive data structures. 

  (ii) Non-primitive data structure
       The data structures, which are not primitive are called non-primitive data structures.

There are two types of-primitive data structures. 

(a) Linear Data Structures:-
A list, which shows the relationship of adjacency between elements, is said to be linear data structure. The most, simplest linear data structure is a 1-D array, but because of its deficiency, list is frequently used for different kinds of data.

(b) Non-linear data structure:-
A list, which doesn’t show the relationship of adjacency between elements, is said to be non-linear data structure. 

Linear Data Structure:

A list is an ordered list, which consists of different data items connected by means of a link or pointer. This type of list is also called a linked list. A linked list may be a single list or double linked list.

· Single linked list: - A single linked list is used to traverse among the nodes in one direction.

· Double linked list: - A double linked list is used to traverse among the nodes in both the directions.

A linked list is normally used to represent any data used in word-processing applications, also applied in different DBMS packages.

A list has two subsets. They are: -

· Stack: - It is also called as last-in-first-out (LIFO) system. It is a linear list in which insertion and deletion take place only at one end. It is used to evaluate different expressions.

· Queue: - It is also called as first-in-first-out (FIFO) system. It is a linear list in which insertion takes place at once end and deletion takes place at other end. It is generally used to schedule a job in operating systems and networks. 

Non-linear data structure:-
The frequently used non-linear data structures are

(a) Trees
: - It maintains hierarchical relationship between various elements

(b) Graphs
: - It maintains random relationship or point-to-point relationship between various elements.

OPERATION ON DATA STRUCTURES: -
The four major operations performed on data structures are:

(i) 
Insertion
: - Insertion means adding new details or new node into the data structure.

(ii) 
Deletion
: - Deletion means removing a node from the data structure.

(iii) 
Traversal  
: - Traversing means accessing each node exactly once so that the nodes of a data structure can be processed. Traversing is also called as visiting.

(iv) 
Searching
: -  Searching means finding the location of node for a given key value.

Apart from the four operations mentioned above, there are two more operations occasionally performed on data structures. They are:


(a) Sorting
: -
Sorting means arranging the data in a particular order.


(b) Merging
: - 
Merging means joining two lists.

REPRESENATION OF DATA STRUCTURES:-

Any data structure can be represented in two ways. They are: -

(i) Sequential representation

(ii) Linked representation

(i) Sequential representation: - A sequential representation maintains the data in continuous memory locations which takes less time to retrieve the data but leads to time complexity during insertion and deletion operations. Because of sequential nature, the elements of the list must be freed, when we want to insert a new element or new data at a particular position of the list. To acquire free space in the list, one must shift the data of the list towards the right side from the position where the data has to be inserted. Thus, the time taken by CPU to shift the data will be much higher than the insertion operation and will lead to complexity in the algorithm. Similarly, while deleting an item from the list, one must shift the data items towards the left side of the list, which may waste CPU time.

Drawback of Sequential representation: -


The major drawback of sequential representation is taking much time for insertion and deletion operations unnecessarily and increasing the complexity of algorithm.

(ii)
Linked Representation: - Linked representation maintains the list by   means of a link between the adjacent elements which need not be stored in continuous memory locations. During insertion and deletion operations, links will be created or removed between which takes less time when compared to the corresponding operations of sequential representation.



Because of the advantages mentioned above, generally, linked representation is preferred for any data structure.

Algorithm Analysis:
An algorithm is a finite set of instructions that, if followed, accomplishes a particular task. In addition, all algorithms must satisfy the following criteria.

1. Input
2. Output

3. Definiteness

4. Finiteness

5. Effectiveness

The criteria 1 & 2 require that an algorithm produces one or more outputs & have zero or more input. According to criteria 3, each operation must be definite such that it must be perfectly clear what should be done. According to the 4th criteria algorithm should terminate after a finite no. of operations. According to 5th criteria, every instruction must be very basic so that it can be carried out by a person using only pencil & paper.
There may be many algorithms devised for an application and we must analyse and validate the algorithms to judge the suitable one.
To judge an algorithm the most important factors is to have a direct relationship to the performance of the algorithm. These have to do with their computing time & storage requirements ( referred as Time complexity & Space complexity).

Space Complexity:

The space complexity of an algorithm is the amount of memory it needs to run.

Time Complexity:

The time taken by a program is the sum of the compiled time & the run time. The time complexity of an algorithm is given by the number of steps taken by the algorithm to compute the function it was written for.
[NOTE : example on how to calculate computing time will be given later]
Storage Structure for Arrays

Array is set of homogenous data items represented in contiguous memory locations using a common name and sequence of indices starting from 0. Array is a simplest data structure that makes use of computed address to locate its elements. An array size is fixed and therefore requires a fixed number of memory locations. 

Suppose A is an array of n elements and the starting address is given then the location and element I will be

LOC(Ai) = Base address of A + (i – 1) * W
Where W is the width of each element.

A multidimensional array can be represented by an equivalent one-dimensional array. A two dimensional array consisting of number of rows and columns is a combination of more than 1 one-dimensional array. A 2 dimensional array is referred in two different ways. Considering row as major order or column as major order any array may be used to refer the elements. 

If we consider the row as major order then the elements are referred row by row whose addressing function may be

LOC(Arc) = Base address of A + [(r-1) * N + (c-1)] * W

Where r and c are subscripts. N is number of columns per row. W is the width of each element.

If we consider the column as major order then the elements are referred column by column.
Sparse Matrices 

Matrices with relatively high proportion of zero or null entries are called sparse matrices.

When matrices are sparse, then much space and computing time could e saved if the non-zero entries were stored explicitly i.e. ignoring the zero entries the processing time and space can be minimized in sparse matrices.


0  0  0  24 0   0  0

0  0  0  0   0   5  0

0  0  0  0   0   0  0

0  0  0  0   9   0  0

0  0  0  0   18 0  0

0  0  0  0   8   0  0

In the above matrix we have 6 rows and 7 columns. There are 5 nonzero entries out of 42 entries. It requires an alternate form to represent the matrix without considering the null entries.

The alternate data structure that we consider to represent a sparse matrix is a triplet. The triplet is a two dimensional array having t+1 rows and 3 columns. Where, t is total number of nonzero entries.

The first row of the triplet contains number of rows, columns and nonzero entries available in the matrix in its 1st, 2nd and 3rd column respectively. Second row onwards it contains the row subscript, column subscript and the value of the nonzero entry in its 1st, 2nd and 3rd column respectively. 

Let us represent the above matrix in the following triplet of 6 rows and 3 columns

	6
	7
	5

	1
	4
	24

	2
	6
	5

	4
	5
	9

	5
	5
	18

	6
	5
	8


The above triplet contains only non-zero details by reducing the space for null entries.

[Follow the algorithms taught in class]

Stacks
A stack is a linear data structure  in which an element may be inserted or deleted only at one end called the top end of the stack i.e. the elements are removed from a stack in the reverse order of that in which they were inserted into the stack.

A stack follows the principle of last-in-first-out (LIFO) system. According to the stack terminology, PUSH and POP are two terms used for insert and delete operations.

Representation of Stacks


A stack may be represented by means of a one way list or a linear array. Unless, otherwise stated, each of the stacks will be maintained by a linear array STACK, A variable TOP contains the location of the top element of the stack. A variable N gives the maximum number elements that can be held by the stack. The condition where TOP is NULL, indicate that the stack is empty. The condition where TOP is N, will indicate that the stack is full.             

[Follow the push and pop algorithms discussed in class]

Application of Stacks

There are two important applications of stacks.

a) Recursion

b) Arithmetic Expression

Recursion


Recursion is and important facility in many programming languages. There are many problems whose algorithmic description is best described in a recursive manner.

A function is called recursive if the function definition refers to itself or does refers to another function which in turn refers back to the same function. In-order for the definition not to be circular, it must have the following properties:

(i) There must be certain arguments called base values, for which the function does not refer to itself.

(ii) Each time the function does refer to itself, the argument of the function must be closer to a base value.

A recursive function with those two properties is said to be well defined.

Let us consider the factorial of a number and its algorithm described recursively:

We know that 

N!
= 
N * (N-1)! 




(N-1)!
= 
N-1 * (N-2)! and so on up to 1.

FACT(N)

1. if N=1

return 1

2. else 

return N * FACT(N-1)

3. end

Let N be 5.

Then according to the definition FACT(5) will call FACT(4), FACT(4) will call FACT(3), FACT(3) will call FACT(2), FACT(2) will call FACT(1). Then the execution will return back by finishing the execution of FACT(1), then FACT(2) and so on up to FACT(5) as described below.

1) 5! = 5 * 4!

2)               4! = 4 * 3!

3)                             3! = 3 * 2!

4)                                           2! = 2 * 1!

5)                                                         1! = 1

6)                                            2! = 2 * 1 = 2

7)                             3! = 3 * 2 = 6

8)               4! = 4 * 6 = 24

9) 5! = 5 * 24 = 120

From above example it is clear that every sub function contain parameters and local variables. The parameters are the arguments which receive values from objects in the calling program and which transmit values back to the calling program. The sub-function must also keep track of the return address in the calling program. This return address is essential since control must be transferred back to its proper place in the calling program. After completion of the sub-function when the control is transferred back to its calling program, the local values and returning address is no longer needed. Suppose our sub-program is a recursive one, when it call itself, then current  values must be saved, since they will be used again when the program is reactivated. 

Thus, in recursive process a data structure is required to handle the data of ongoing called function and the function which is called at last must be processed first. i.e the data accessed last must be processed fist i.e Last in first out principle. So, a stack may be suitable data structure that follows LIFO to implement recursion.

Arithmetic Expression 

This section deals with the mechanical evaluation or compilation of infix expression. The stack is find to be more efficient to evaluate an infix arithmetical expression by first converting to a suffix or postfix expression and then evaluating the suffix expression. This approach will eliminate the repeated scanning of an infix expressions in order to obtain its value. 

A normal arithmetic expression is normally called as infix expression. E.g  A+B

A Polish mathematician found a way to represent the same expression called polish notation or prefix expression by keeping operators as prefix. E.g +AB

We use the reverse way of the above expression for our evaluation. The representation is called Reverse Polish Notation (RPN) or postfix expression. E.g. AB+

The arithmetic expression evaluation is performed in two phases, they are

· Conversion of infix to postfix expression

· Evaluation of postfix expression

[Follow the algorithms and examples discussed in class]

Queue

Queue is a linear data structure in which insertion can take place at only one end called rear end and deletion can take place at other end called top end. The front and rear are two terms used to represent the two ends of the list when it is implemented as queue. Queue is also called First In First Out (FIFO) system since the first element in queue will be the first element out of the queue.

Like stacks, queues may be represented in various ways, usually by means of one way list or linear arrays. Generally, they are maintained in linear array QUEUE. Two pointers FRONT and REAR are used to represent front and last element respectively. N may be the size of the linear array. The condition when FRONT is NULL indicate that the queue is empty. The condition when REAR is N indicated overflow.

[Follow the algorithms for insert and delete discussed in class]

Circular Queue
The linear arrangement of the queue always considers the elements in forward direction. In the above two algorithms, we had seen that, the pointers front and rear are always incremented as and when we delete or insert element respectively. Suppose in a queue of 10 elements front points to 4th element and rear points to 8th element as follows.



1
2
3
4
5
6
7
8
9
10

QUEUE



XX
XX
XX
XX
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         FRONT


          REAR

When we insert two more elements then the array will become



1
2
3
4
5
6
7
8
9
10

QUEUE



XX
XX
XX
XX
XX
XX
XX





         FRONT


          REAR

Later, when we try to insert some elements, then according to the logic when REAR is N then it encounters an overflow situation. But there are some elements are left blank at the beginning part of the array. To utilize those left over spaces more efficiently, a circular fashion is implemented in queue representation. The circular fashion of queue reassigns the rear pointer with 1 if it reaches N and beginning elements are free and the process is continued for deletion also. Such queues are called Circular Queue.

[Follow the CQINSERT and CDELETE algorithm]

Types of QUEUE
There are two types of Queue

· Priority Queue

· Double Ended Queue

Priority Queue

A priority queue is a collection of elements such that each element has been assigned a priority value such that the order in which elements are deleted and processed comes from the following rules

1. An element of higher priority is processed before any element of lower priority.

2. Two elements with the same priority are processed according to the order in which they were added to the queue.

There are various ways of maintaining a priority queue in memory. One is using one way list. The sequential representation is never preferred for priority queue. We use linked Queue for priority Queue.

Double Ended Queue
A Double Ended Queue is in short called as Deque (pronounced as Deck or dequeue). A deque is a linear queue in which insertion and deletion can take place at either ends but not in the middle. 

There are two types of Deque.

1. Input restricted Deque

2. Output restricted Deque

A Deque which allows insertion at only at one end of the list but allows deletion at both the ends of the list is called Input restricted Deque.

A Deque which allows deletion at only at one end of the list but allows insertion at both the ends of the list is called Output restricted Deque.

SECOND SEMESTER DS HAND OUT (Module II)

Garbage Collection and Compaction
Garbage collection is the process of collecting all unused nodes and returning them to available space. This process is carried out in two phases:
In first phase, known as marking phase, all nodes in use are marked. 
In second phase, all unmarked nodes are returned to the available space list. 

The second phase is trivial when all nodes are of a fixed size. In this case, the second phase requires only the examination of each node to see whether or not it has been marked. In this situation it is only the first or marking phase that is of any interest in designing algorithm. When variable size nodes are in use, it is desirable to compact memory so that all free nodes form a contiguous block of memory. In this case, the second phase if referred to as memory compaction. Compaction of disk space to reduce average retrieval time is desirable even for fixed size.
Linked List (One way List)

We understood that the sequential representation of the ordered list is expensive while inserting or deleting arbitrary elements stored at fixed distance in a fixed memory.

The linked representation reduces the expense because the elements are not stored at fixed distance and they are represented randomly and the operations such as insertion and deletion are required change in link rather than movement of data.

A linked list is a linked representation of the ordered list. It is a linear collection of data elements termed as nodes whose linear order is given by means of link or pointer. Every node consist of two parts. The first part is called INFO, contains information of the data and second part is called LINK, contains the address of the next node in the list. A variable called START, always points to the first node of the list and the link part of the last node always contains null value. A null value in the START variable denotes that the list is empty.
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Along with the linked list in the memory, a special list is maintained which consists of list of unused memory cells or unused nodes. This list is called list of available space or availability list or list of free storage or free storage list or free pool. A variable AVAIL is used to store the starting address of the availability list.

Sometimes, during insertion, there may not be available space for inserting a data into a data structure, then the situation is called OVERFLOW. Programmers generally handle the situation by checking whether AVAIL is NULL or not.

The situation where one wants to delete data from a data structure that is empty is called UNDERFLOW. The situation is encountered when START is NULL.

Header Linked List :
A header linked list is a linked list, which always contains a special node called the header node at the beginning of the list. The header node contains the overall information of the list, which is frequently required for many operations and useful while looking for such information. There are two kinds of header lists.

a) A grounded header list is a header list where the last node contains the null pointer. 

b) A circular header list is a header list where the last node points back to the header node.

Circular Linked List :

A linked list is called circular if the last node contains the address of first node or header list. The advantage of circular linked list is it requires minimum time to traverse the nodes which are already traversed, with out moving to starting node.

Linked Stack :
The problem with array-based stacks are that the size must be determined at compile time. Instead, let's use a linked list, with the stack pointer pointing to the top element, let fresh be the new node. To push a new element on the stack, we must do: 

fresh->next = top;

top = fresh;

To pop an item from a linked stack, we just have to reverse the operation. 

p = top;

top = top->next;

Linked Queues 
Queues in arrays were ugly because we need wrap around for circular queues. Linked lists make it easier. We need two pointers to represent our queue - one to the rear for enqueue operations, and one to the front for dequeue operations. 

Note that because both operations move forward through the list, no back pointers are necessary! 

Application of Linked List:
1)
Polynomial Manipulation:
A polynomial has multiple terms with same information such as coefficient and powers. Each term of a polynomial is treated as a node of a list and normally a linked list used to represent a polynomial. The implementation of polynomial addition is the only operation that is discussed many place. Multiplication of polynomials can be obtained by performing repeated additions.

Each polynomial is stored in decreasing order of by term according to the criteria of that polynomial. i.e. The term whose powers are more are stored at first node and the least power term is stored at last. This ordering of polynomials makes the addition of polynomials easy. In fact two polynomials can be added or multiplied by scanning each of their terms only once.

[Follow the algorithms discussed in class]

2)
Linked Dictionary:
An important part of any compiler is the construction and maintenance of a dictionary containing names and their associated values. Such dictionary is also called Symbol Table. There may be several symbols corresponding to variable names, labels, literals, etc.

The constraints, which must be considered in the design of the symbol tables, are processing time and memory space. There are many phases associated with the construction of symbol tables. The main phases are building and referencing. 

It is very easy to construct a very fast symbol table system, provided that a large section of memory is available. In such case a unique address is assigned to each name. The most straightforward method of accessing a symbol table is linear search technique. This method involves arranging the symbols sequentially in memory via an array or by using a simple linked list. An insertion can be easily handled by adding new element to the end of the list. When it is desired to access a particular symbol, the table is searched sequentially from its beginning until it is found. It will take n/2 comparisons to find a particular symbol. The insertion mechanism is fast but the referencing is extremely slow. The referencing will be fast if we use binary search technique. To implement a binary search on symbol table a tree representation is used.

Double Linked List (Two way List)
Since the single linked list contains only one single pointer that points to the next of the linked list, there is only one way traversal. So, the reverse direction is not possible, in the single linked list.


For bi-directional movement, a two-way list or double liked list is considered. IT is a linear collection of data elements, called nodes. Where each node is divided into three parts: INFO, PRIOR, and NEXT. The INFO part contains the information of the node and PRIOR and NEXT are the pointers refers to predecessor node and successor node address respectively. The list also has two pointers: START and LAST. START points to the  first node of the list where as LAST points to last node of the list. The PRIOR part of the first node and NEXT part of the last node contains always null value.
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Difference between single linked list and double linked list : 
The Single linked list has only one advantage, that it can traverse a list in one direction. That means one cannot get the address of its predecessor node. i.e. When we look for any previous information of the list during operations then one has to traverse again from the start node of the one way list. Which uses an extra pointer and additional searching time. But in case double linked list we can have the address of the next as well as previous node. So, while we look for previous node address, we can obtain through prior part of the two-way list which need not require extra pointer or takes less time than that of the single linked list. So apart from the bi-directional movement facility, the two-way list also saves the time and space during traversal operation.

Trees
A tree is a nonlinear data structure and is generally defined as a nonempty finite set of elements, called nodes such that:

1. T contains a distinguished node called root of the tree.

2. The remaining elements of tree form an ordered collection of zero or more disjoint subsets called sub tree.

Binary Tree :

A binary tree is defined as a finite set of elements, called nodes, such that:

1) Tree is empty (called the null tree or empty tree) or

2) Tree contains a distinguished node called root node, and the remaining nodes form an ordered pair of disjoint binary trees 

R




          T1

   T2

In the above tree R is the root node and T1 and T2 are called subtrees. T1 and T2 are left and right successor of R. The node R is called parent node and T1 and T2 are called children. All lower level nodes are called descendants and upper level nodes are called ancestors of their descendants.  The line drawn between parent and child is called an edge or arc where as the line(s) between and ancestor and descendant is called path. A node without any children is called a terminal or leaf node and all others are called non-terminal or non-leaf node. A path ending with a leaf is called a branch.

Each node in a binary tree is assigned a level number, as follows. The root node is assigned the level number 0, and every other node is assigned a level number, which are 1 more than the level number of its parent. The nodes of same level number are said to belong to same generation. Nodes of same parent are called siblings.

The depth or height of a tree is the maximum level number of the tree or maximum number of nodes in a branch of a tree. 

Two trees are said to be similar if they have the same structure and are said to be copies if they are similar and if they have same contents at corresponding nodes.

Complete Binary Tree:
A binary tree is said to be complete if all its level except possibly the last, have maximum number of possible nodes, and if all the nodes at the last level appear as far left as possible.


Full binary tree:
A binary tree said to be full if all its level have maximum number of possible node.

Extended Binary Tree (Strictly Binary Tree or 2-tree):
A binary tree is said to be Extended binary tree if each node has either 0 or 2 children. In this case the leaf nodes are called external nodes and the node with two children are called internal nodes.


Skewed Tree:
A tree is called Skew if all the nodes of a tree are attached to one side only. i.e A left skew will not have any right children in its each node and right skew will not have any left child in its each node.











  Left Skew
  Right Skew

Binary Search Trees:
A tree is called binary search tree if each node of the tree has following properties.

The value at a node is greater than every value in the left subtree and is less than every value in the right subtree.

Heap:
A binary tree is also called a heap and there are two types of heap. The are Max Heap and Min Heap. A heap is called maximum heap if value of a node is greater than or equal to each of its descendant node. A heap is called minimum heap if value of a node is less than or equal to each of its descendant node.

Representation of Binary Search Tree :
Sequential Representation :

The sequential representation of tree stores data in an array as per the following rules:

1. The root node is stored in 1st position.

2. Every left and right child of a parent node at location k will be stored in (2*K)th position and (2*K+1)th position respectively.

The following example shows the representation of binary tree in an array.
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Suppose an array is representing a tree then its tree representation will be drawn using the same rule and an example is shown bellow.

	A
	B
	C
	D
	E
	
	F
	G
	H
	
	
	
	
	I
	J
	

	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14
	15
	16




Linked Representation of Tree:
The Linked representations of tree, maintains three parallel arrays. An INFO array contains the data of each node, LEFT array contains the location of left child and RIGHT array contains location of right child. A ROOT pointer points to the root node of the tree.
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Header Nodes:

When a binary tree is maintained in memory by means of a linked representation. Sometimes an extra, special node, called a header node, is added to the beginning of the tree. When this extra node is used, the tree pointer variable, which is called HEAD, will point to the header node, and the left pointer of the header node will point to the root. Generally, the header node of any tree contains the general or overall information of the tree, which is required frequently in the operation of the tree. For example, number of employees present in employee tree, number nodes present in a tree, cumulative values of all the nodes etc. so that while accessing such information the nodes of the tree need not be traversed.

Threads and Threaded Binary Tree:

Approximately half of the entries in the pointer fields Left and right of any binary tree contains null elements. Replacing the null entries by some other type of information may more efficiently use this space. Specifically, we will replace certain null entries by special pointers, which point to nodes higher in the tree. These special pointers are called threads and the tree is called threaded binary tree.

There are many ways to thread a binary tree, but each threading will correspond to a particular traversal of tree. Unless otherwise stated, threading will correspond to in-order traversal.

There are two types of threading:

· One way threading

· Two way threading

In one way threading, either left pointer or right pointer will be used for threading. When left pointer used to point the predecessor node of the tree according to in-order traversal, then the threading is called left-in threading. When a right pointer is used to point the successor node according to in-order traversal, then the threading is called right-in threading. 

In two way threading both left and right pointers are used to point predecessor and successor nodes of the tree according to in-order traversal.

Height Balanced Tree(AVL Tree):
Adelson-Velskii and Landis in 1962 introduced a binary tree structure that is balanced with respect to heights of the subtrees. As a result of the balanced nature of this type of tree, dynamic retrievals can be performed in less time. At the same time an identifier may be inserted and deleted in that tree in less time. 

Definition: 
A empty tree is called height balanced. If the tree is nonempty binary tree T with TL and TR as its left and right subtrees, then tree is called height balanced iff

a) hL – hR is –1, or 0 , or1 where hL and hR are heights of left subtree TL and right subtrees TR respectively.

b) TL and TR are height balanced.

Generally, while inserting or deleting an identifier in tree we balance the tree. Balancing of a tree is carried out using essentially two kind of rotation left rotation and right rotation. When a tree at a node has Balance Factor less –1 then the tree at that node is considered to be right heavy. To balance the right heavy tree the tree at that node rotated towards left. Similarly, if the tree is at a node is heaving Balance Factor more than 1 will be considered as left heavy. To balance the left heavy tree, the tree is rotated towards right at that node.

Application of Binary Tree:
1.
Symbol Table Construction:

The notion of symbol table arises frequently in computer science while building compilers, loaders, linkers, assemblers etc. A symbol table is a set of name-value pairs. Associated with each name in the table is an attribute, a collection of attributes, or some directions about what further processing is needed. One of the criteria that a symbol table routine must meet is that the table searching must be performed efficiently. This requirement originates in the compilation phase while handling many lexemes and tokens of the program. The three required operation of the symbol table are:

a) Insertion of new entry

b) Deletion of existing entry

c) Looking up information of an existing entry.

Each of above operation requires searching.

Generally, a tree is used to construct a symbol table because

a) if the symbol table entries as encountered are uniformly distributed according to lexicographic order, then table searching becomes approximately equivalent to a binary search, as long as the tree is maintained in lexicographic order. 

b) A binary tree is easily maintained in lexicographic order.

2)
Manipulation of the Arithmetic Expressions:

We observed that the formulas in Reverse polish notation are very useful in the compilation process. There is a close relationship between binary trees and formulas in prefix or suffix notations. Let us write the infix formula as a binary tree where a node has an operator as a value and where the left and right subtrees are the left and right operands of that operator. The leaves of the tree are the variables and constants of the expression. We represent the expression in binary tree due to similarities of infix to inorder and postfix to postorder traversal of tree. The tree used for expression is called parse tree. 

[Follow the conversion process taught in class room]

Graphs

A Graph is a nonlinear data structure, which is having point to point relationship among the nodes. Each node of the graph is called as a vertex and link or line drawn between them is called and edge.

Mathematically, A graph ‘G’ consists of two sets V and ‘E’ such that G={V,G}

Where V is finite nonempty set of vertices or nodes. V(G) represents set of vertices.

And E is a set of edges. E(G) represents set of Edges.

According to above example, V(G) = {1,2,3,4,5,6}





E(G)={(1,2),(2,1),(1,4),(4,1), ………}

Suppose edge e={u,v}, then the nodes u and v are called end points of the edge e. The node u is called source node and node v is called destination node, the nodes u and v are called adjacent nodes. The line drawn between to adjacent nodes is called an edge. 

If an edge is having direction, then the source node is called adjacent to the destination and destination node is adjacent from source.

Path: A path is a sequence of consecutive edges between a source and a destination through different nodes. A path, said to be closed if source is equal to destination. The path is said to be simple if all nodes are distinct.

Cycle: A cycle is closed path with length 3 or more. A cycle of length k is called a k-cycle.

Loop : If an edge is having identical end points, then the edge is called a loop.

Degree/order: A degree of a node is the number of edges containing that node. The number edges pointing towards the node are called in-degree/in-order. The number edges pointing away from the node are called out-degree/out-order.

A graph in which the edges are having direction is called directed graph or digraph, otherwise the graph is called undirected graph.

Isolated node: If degree of a node is zero i.e. if the node is not having any edges, then the node is called isolated node.

Complete Graph : A graph is called complete if all the nodes of the graph are adjacent to each other. A complete graph with n nodes will have n*(n-1)/2 edges.

Weighted Graph : A graph is said to be weighted if each edge in the graph is assigned a non-negative numerical value called the weight or cost of the edge. If an edge does not have any weight then the weight is considered as 1.

Multigraph : If a graph has two parallel path to an edge or multiple edges along with a loop is said to be multigraph.

Representation of Graph:
A graph may be represented in two ways. They are 

Sequential Representation and Linked Representation.

Sequential Representation:
The graph is represented in sequential memory suing two matrices. They are


Adjacency Matrix and Path Matrix

Adjacency Matrix:

Suppose G is a graph with n nodes and the nodes of G are being ordered and are called v1,v2,v3,…..,vn then the adjacency matrix A=(aij) of the graph G is defined as






1 if vi is adjacent to vj



aij =  


0, otherwise

The adjacency matrix with 1’s and 0’s is also called bit matrix.




0    
1
0
1


A=
0
0
1
0



1
0
0
0



0
1
1
0

Path Matrix or Reach-ability Matrix :

Suppose G is a graph with n nodes and the nodes of G are being ordered and are called v1,v2,v3,…..,vn then the Path matrix P=(pij) of the graph G is defined as






1, if there is a path between vi and vj



pij =  


0, otherwise

Adjacency matrix A is a path of legth 1. Similary, A2, A3, A4, ….., An are the path matrix of length 2,3,4,…..,n respectively. Then before calculating path matrix the matrix Bn will be calculated to find P.

Where Bn = A2 + A3 + A4 + ….. + An
All non-zero elements of Bn are replaced with 1 to form path matrix P.

Linked Representation:
The Matrix representation of graph does not keeps track of the information related to the nodes. Hence a linked representation is used to represent a graph called adjacency structure. The adjacency structure of the graph maintains two lists called node list and edge list.

Node List: 
Each node in the node list will correspond to a node in the graph and will have three field. They are the information of the node called INFO, Pointer to the next node of the list called NEXT, a pointer to the edge list called ADJ.

Edge List: 
Each element of the edge list will correspond to an edge of the graph and will gave two fields. They are DEST contains the address of the destination node and LINK contains the address of the next node of the edge list.

[Follow the algorithm taught in class for node and edge insertion and deletion]

Graph Traversal:

Traversing a graph means visiting all the vertices in a graph exactly one. It is of two types:

Breadth First Traversal and Depth First Traversal.

Breadth First Traversal: 

The traversal starts at a node v, after marking the node the traversal visits alll incident edges to node v after marking the nodes and then moving to an adjacent node and repeating the process. The traversal continues until all unmarked nodes in the graph have been visited.


A queue is maintained in the technique to maintain the list of incident edges and marked nodes. It is more appropriate for a digraph.

Depth First Traversal: 

A depth first search of an arbitrary graph can be used to perform a trversal of a general graph. The technique picks up a node and marks it. An unmarked adjacent node to previous node is then selected and marked, becomes the new start node, possibly leaving the previous node with unexplored edges for the present. The traversal continued recursively, until all unmarked nodes of the current path are visited. The process is continued for all the paths of the graph. 
HASHING

Hashing is a searching technique which is key to address transformation technique. The normal linear and binary search technique, searches for a key via sequence of comparisons. Hashing differs from this in that the address or location of an identifier X, is obtained by computing some arithmetic function, f of X, f(x) gives the address of X in the table. This address will be referred to as the hash or home address of X. Depending on the address yielded by the function the data are stored in sequential memory location, called hash table.

Hash Table:

The memory available to maintain the symbol table is assumed to be sequential. This memory is referred to as the hash table HT. The hash table is partitioned into b buckets, HT(0), HT(1), …,HT(b –1). Each bucket is divided into S slots and each slot is capable of holding a records. Thus, a bucket is said to consist of s slots, each slot being large enough to hold  1 record. Usually s =1 and each bucket can hold exactly 1 record. A hashing function, f(x), is used perform an identifier transformation on X. f(x) maps the set possible identifier on to the integers 0 through b –1.

The ratio n/T is the identifier density, while n /(s*b) is the loading density or loading factor. 

Where 
n is the number of identifiers ,

b is number of buckets,

T is total number of possible identifiers

s is number of slots.

HASHING  FUNCTION-

                          A hashing function, f ,transforms an identifier X into a bucket address in the hash table .As mentioned earlier the desired properties of such  a function are that it be easily computable and that it minimize the number of collisions. 

Since many programs use several identifiers with the same first letter, we would like the function to depend upon all the characters in the identifiers in addition, we would like the hash function to be such that it does not result in a biased use of the hash table for random inputs.

Several kinds of uniform hash functions are in use.

1 . Division 
2.  Mid-square      3 .Folding   4.  Digit Analysis

Only division method is used frequently and is most preferred one.

Division Method:


This is the most common method used for hash function. The function is used to find a number may be prime or it is number of buckets. Then the number will be used to divide the key by it. The remainder is the hash address for that key. For example let us consider a hash table of 10 buckets and try to find the address of following values.

34, 56, 89, 432, 87, 651

the home address of 34 will be 34%10 = 4

The home address of 56 will be 56%10 = 6 

And so on for others as mentioned in the table





   KEY
    INFO

	0
	
	

	1
	651
	XX

	2
	432
	XX

	3
	
	

	4
	34
	XX

	5
	
	

	6
	56
	XX

	7
	87
	XX

	8
	
	

	9
	89
	XX


Some times two different keys may yield same hash address. The there will be collision between the keys. There are few techniques for resolving the collision.

Collision Resolution Technique:

When there is a collision, then a random rehashing function is used to resolve the collision. The efficiency of collision resolution procedure is measured by the average number of probes(key comparisons) needed to find the location of the record with the given key.

Normally the collision is resolved by dividing the each bucket into multiple slots. So, that the keys of same address can be kept in different slots of same bucket. There are two different ways to resolve the collision. 

Open Addressing and Chaining.

The open addressing is uses a sequential representation for hash table like two dimensional or three dimensional array. The chaining concept uses a linked representation for each bucket and each bucket is linked with linked list maintaining the slots of that bucket.


