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DATA STRUCTURES

The logical or mathematical model of a particular organization of data is called data structure. Data structure is way of storing and accessing the data in to acceptable form for computer. So that large number of data is processed in small interval of time.

In simple way we say that storing the data in to computer memory is called data structure.

We also say that data structure is way in which data is stored and accessed.

Data model depends on two considerations.

· First it must be rich enough in structure to mirror the actual relationships of the data in the real world.
·  Second the structure should be simple enough that one can effectively process the data when necessary.

The study of data structure includes the following steps.

· Logical or mathematical descriptions of the structure.

· Implication of the structure on computer memory.

· Quantitative analyses of structure, which include determining the amount of memory which needed to, store the data and time required for   processing.

Classification of Data Structure

Data structures are classified in to two types

· Linear Data Structure

· Non-Linear Data Structure

Linear Data Structure: -

The organization of data in single row or we say that in form of sequence is called linear data structure. For example Array List etc.

Non-Linear Data Structure: -

The organization of data in hierarchical form is called non-linear data structure. For example files, tree, graph etc.

Operation Perform on Data Structure

When data is proceeding then different type of operation perform. Following are most important operation, which play major role in data structure.

Traversing: -

Accessing each record so that certain item may be proceed is called traversing. We also say that visiting of the record is called Traversing.

Searching:-

Finding the location of record with given value is called Searching.

Inserting: -

Adding new record to structure is called inserting.

Deleting: -

Removing a record or set of records form data structure is called deleting process.

Sorting: -

Arranging the record in some logical order is called Sorting.

Merging: -

Combining the two or more then two record is called Merging.

Types of Data Structure

· Array

· Stack

· Queue

· Link List

· Tree
ALGORITHM

These are the steps written in simple natural language one by one in sequence so that if any step is missed it could be written easily. When we write the Algorithm then there is no need accruing knowledge.

ALGORITHM NOTATION

An algorithm is base of not only effective data structure but also base of good programming. Therefore it is necessary that each step in algorithm is written clearly. A complete algorithm Notation is given below.

Name Of Algorithm: -

Each algorithm has a name related with subject. The name of the algorithm is always written a capital latter in very first line of algorithm.

Introductory Comments: -

Algorithm name is followed by brief description of the task. This section has the entire variable name, which are assumed and used in algorithm.

Steps: -

The actual algorithm is made by different steps. Each step begin with description closed in square bracket.

Comments: -

Each step may be end with some comments about step. These comments give better idea about each step to reader.

Example of algorithm

ALGORITHM FOR CALCULATE AVARAGE

(This algorithm reads marks of four subject and the calculate the average of these marks. Where m1, m2, m3 and m4 are used to store the marks of four subjects respectively and an other variable “average” is used to store the average of total marks.)

Step-1.
[input individual marks]



Read (m1, m2, m3, m4)

Step-2

[Calculate the average]



Average((m1+m2+m3+m4)/4

Step-3

[Out Put the Result]



Print average

Step-4

[Finished]



Exit

-----------------------------------------------------------------------Arrays
An array is a collection of consecutive memory locations that can be referred to as a single name with subscripts. In simple word we say that array is collection of continues memory location where one type of data is stored.

There are two type of array.

Linear Array:

A linear array is also called one-dimensional array. The entire element stored in shape of vector means in one row or one column. The elements of the array stored respectively in successive memory locations. In linear array each element of an array is referred by one subscript.

The number ‘n’ of the elements is called the length or size of the array. The length /size of the array can be obtained from the index set by the formula

Length = UB-LB+1

Where UB is the largest index, called the upper bound and LB is the smallest index, called the lower bound of the array. 

· Note that length = UB when LB=1.

The elements of the array ‘A’ may be denoted by the subscript notation.

       A1, A2, A3………….…An.

Or by the parentheses notation 

       A(1),A(2),A(3),……,A(n).

       (Used in FORTRAN and BASIC)

Or by the bracket notation (used in PASCAL and C)

       A[1],A[2],A[3],……,A[n].

The number n in A [n] is called a subscript or an index and A [n] is called a subscripted variable.

Representation of linear array in computer memory

The memory of computer is sequence of address and each element which stored in this memory has its own address.

For example an array  ‘ A ‘  have data elements 200,104,23,84,90
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Each element of array ‘A’ have its own address which start form index value 0 to 4. So LB is 0 and UP is 4

Total Length =LB –UP +1 (  0 – 4 +1=5

So array ‘A’ contain total 5 element and its index start form 0 to 5.

Accessing the element of array

When an array is properly mapped and stored in memory then DOP VECTOR Method id very efficient way to access each element. In this method we use the start address of element. This start address is called Base address of array. If we know the base address of array the we can find and access any element of array by using following formula.

Loc(LA[k])= Base(LA) + W (K – Lower Bound)

K is searching element whose address is to be located.

W is length that one element take place in array.
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For example LA is linear array and have yearly record of company form 1932 to 1984. Each year record reserves 4-memory location. If we find the address of 1965 then;
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 Base (LA)=200

W=4

K=1965

Loc(LA[k])= Base(LA) + W (K – Lower Bound)

Loc(LA[1965])=200 + 4 (1965 – 1932)



= 200 + 4(33)



=332

So we find that address of 1965 is 332 so we can easily access the record stored at that address.

Traversing of array: -

Accessing each record of array so that certain item may be proceed is called traversing of array. We also say that visiting of the record is called Traversing. Following algorithm traverse all the element of array.

TRAVERSING OF LINEAR ARRAY

(Let LA is linear array the this algorithm help to print each element of array on screen. In this algorithm we use two variable LB and UB. Where LB denote the lower bound and UB denote the upper bound)

Step-1

[initialize the loop counter]



Repeat step-2 for k=LB to UB

Step-2

 [apply the process]



Print ( LA [k]

Step-3 
[finish]



Exit

Insertion and Deletion

Let A be a collection of data elements in the memory of the computer. Insertion refers to the operation of adding another element to the collection A, and deletion refers to the operation of removing one of the elements from A.

Inserting an element at the end of a linear array can be easily done provided the memory space allocated for the array as large enough to accommodate the additional element. on the other hand suppose we want to insert an element in the middle of the array then on the average half of the elements must be down ward to newel locations to accommodate the new element and keep the order of the other elements.

Similarly deleting an element at the end of an array creates no difficulties, but deleting an element somewhere in the middle of the array would require that each subsequent element moved one location upward in order to fill up the array.

Algorithm for insertion

The following algorithm inserts a data element ITEM into the kth position in a linear array LA with N elements. The first four steps create space in memory by moving downward one location each element from the kth position. We first set j:=N and then using j as a counter decrease j each time the loop is executed until j reached k. the next step, (step 5) inserts ITEM  into the array in the space just created. Before the exit from the algorithm, the number N of elements in LA is increased by 1 to account for the new element.

ALGORITHM FOR INSERTION (LA, N, K, ITEM)

(Here LA is a linear array with N elements and k is a +ve integer such that k<=N. This algorithm inserts an element ITEM into the kth position in LA.)

1. [Initialize counter]

            Set J  = N 

2. Repeat step 3 and 4 while j>=k

3. [Move element downward]

Set LA [j+1]=LA [J]

4. [Decrease counter]

Set j =j-1

[End of step 2 loop]

5. [Insert element]

Set LA [k] = ITEM

6. [Reset Array N]

Set N = N+1

7. [Finish]

Exit

Algorithm for insertion

Deletion means remove an element form the linear array . if we want to delete the element from end the it is simple but if we want to delete the element form middle of an array  then first we move all the element up word from the item which will be deleted. In the end reset the array size as one item is deleted.

So following step will taken. 

1. Find the location of the element to be deleted.

2. Delete the element at that location. This action creates empty space.

3. Move the element up word to fill that empty space.

4. Reset the nth value of array as one item is deleted.

Algorithm for DELETION (LA, N, K, ITEM)

(Here LA is a linear array with N elements and k is a +ve integer such that k<=N. this algorithm deleted the kth element from LA).

1. [Select the item]

Set ITEM  =LA[k]

2. [Set the loop]

Repeat for j = k to N -1

[Move j+1st element upward]

Set LA[j]=LA[j+1]

[End of loop]

3. [Reset N]

Set N:=N-1

4. [Finish]

Exit

-----------------------------------------------------------------------------------------Sorting

Sorting is process in which we arrange the element of list in ascending or descending order. The operation of sorting is most often performed in business data processing applications. However sorting is important process in every application.


In process of sorting almost all the element move form one place to another place and arranging of these element is called sorting. 

Let A be a list of n numbers. Sorting of A refers to preparation of rearranging the elements of A so they are in increasing order or decreasing order i.e

A[1]<A[2]<A[3]< . . . . . . .<A[N].

A[1]>A[2]>A[3]> . . . . . . .>A[N].

There are many technique of sorting which will adopted according to the requirement of situation.

QUICK SORT:

In this method of sorting first element of the list form very left side is selected and moved to its proper position by comparing in the special sequence.

Such that if we have list of element which contain N element then n1 (first element form left side) is selected and compare form right to left if any element found less then n1 (selected element) then interchange. In next step selected element which is marked on new location is compare form left to right if any element if any element is found is grater then selected element then it is swapped. This process is repeated until the element is reached its proper positions. When the selected element reached its proper position list is spilt in to two sub lists. Applied this procedure to each sub list. In the end complete list will be sorted.

This procedure is also called partition exchange sort as in this procedure list is divide in to parathion.

For example

Suppose A is the list of following 12 numbers

44, 33, 11, 55, 77,90 40, 60, 99, 22, 88, 66

The reduction step of the quick sort algorithm finds the final position of one of the given numbers; here we select the first number 44. This is accomplished as:

Beginning with the last number, 66 scan the list from right to left comparing each number with 44 and stopping at the first number less then 44. Here the no is 22. Interchange 44 and 22 to obtain the list


44, 33, 11, 55, 77,90 40, 60, 99, 22, 88, 66

22, 33, 11, 55, 77,90 40, 60, 99, 44, 88, 66

Now compare 44 form left to right comparing each with each element and stopping at the first no greater than 44. It is 55. Interchange 44 and 55 to obtain the list.


22, 33, 11, 55, 77,90 40, 60, 99, 44, 88, 66

Now after swapping obtained list is as under: 

22, 33, 11, 44, 77,90 40, 60, 99, 55, 88, 66

Now again scan the list from right to left until meeting the first no less than 44. It is 40. Interchange them and obtain the list


22, 33, 11, 44, 77,90 40, 60, 99, 55, 88, 66

Now after swapping obtained list is as under:

22, 33, 11, 40, 77,90 44, 60, 99, 55, 88, 66

Now scan the list from left to right until meeting the first no greater than 44. It is 77. Interchange to obtain the list


22, 33, 11, 40, 77,90 44, 60, 99, 55, 88, 66

Now after swapping obtained list is as under:

22, 33, 11, 40, 44,90 77, 60, 99, 55, 88, 66

Now if we scan the list from right then found then 44 is reached its proper postion its means there is no element is grater the 44 on right side and no less element form 44 on left side. The original list is dividing in to two sub list. 

The above reduction steps are repeated with each sub list containing two or more elements. Since we can process only one sub list at a time, we must be able to keep track of some sub lists for future processing. 

ALGORITHM OF QUICK (LA, N, BEG, END, LOC, LEFT, RIGHT)

(Here LA is an array with N elements. Parameters BEG and END contain the boundary values of the sub list of LA to which this procedure applies. LOC keeps track of the position of the first element LA[BEG] of the sub list during the procedure. The local variables LEFT and RIGHT will contain the boundary values of the list of elements that have not been scanned.)

 Step-1
[ Initialize ]

Set LEFT : = BEG 

RIGHT : = END 

      

LOC : = BEG

Step-2
[ Scan from right to left ]

Repeat WHILE LA[LOC]<= LA[RIGHT] and LOC != RIGHT

RIGHT : = RIGHT + 1

[End of loop]

If LOC = RIGHT then

Return

If LA[LOC] > A[RIGHT] then 

Step-3
[Interchange LA[LOC] and LA[RIGHT]

TEMP : = LA[LOC]

LA[LOC] : = LA[RIGHT]

LA[RIGHT] : = TEMP

Set LOC : = RIGHT

Go to step 3

[End of if structure]

step-4

[Scan from left to right]

Repeat WHILE LA[LEFT] <= LA[LOC]  and  LEFT != RIGHT

LEFT : = LEFT + 1

[End of loop]

If LOC = LEFT then

Return

If LA[LEFT] > LA[LOC] then

[Interchange LA[LEFT] and LA[LOC]

TEMP : = LA[LOC]

LA[LOC] : = LA[LEFT]

LA[LEFT] : = TEMP

Set LOC : = LEFT

Go to step 2

[End of if structure]

BUBBLE SORT:

In this method of sorting each element is compared with succeeding element and if preceding element is found greater then succeeding element than interchange the these two element. In this way largest element is sink in the end of the array and smallest element bubble up in the start of the array so this process is called bubble sort.

For example

Suppose the list of numbers LA[1],LA[2], . . . . . ,LA[N] is in memory the bubble sort algorithm works as follows.

Step 1.

Compare LA[1] and LA[2] and arrange them in the desired order so that LA[1]<LA[2]. Then compare LA[2] and LA[3] and arrange them so that LA[2]<LA[3]. Then compare LA[3]and LA[4] and arrange them so that LA[3]<LA[4]. Continue this procedure until you compare LA[N-1] and LA[N] and arrange them so that LA[N-1]<LA[N]. After step-1 the largest element takes its place in LA [N].

Step 2.

Repeat step 1 with one less comparison i.e, now we stop after compare and possibly arrange LA[N-2]<LA[N-1].

After step- 2 largest element takes its place at LA[N-1].
Step 3.

Repeat step 1 with two less comparisons i.e, we stop after we compare and possibly rearrange LA[N-3]<LA[N-2].

……………………………………………

……………………………………………

……………………………………………

……………………………………………

Step N-1.

Compare LA[1] and LA[2] and arrange them so that LA[1]<LA[2].
After step N-1 the list will be sorted in ascending order. The process of sequentially traversing through all or part of a list is frequently called a PASS, so each of the above steps is called a pass. Accordingly the bubble sort algorithm requires N-1 passes, where N is the no of input items.   

ALGORITHM FOR BUBBLE SORT.

(La is linear array. In this process of sorting we arrange the element of array. So that N will be the total number of array PTR is selected element of array which compare with succeeding element.)

1. Repeat step 2 and 3 For k:=1 to N-1

2. [Initialize the pointer]

Set PTR:=1

3. [Execute pass]

Repeat while PTR<= N-k

(i) if LA[PTR]>LA[PTR+1] then interchange LA[PTR] and LA[PTR+1]

[End of if structure]

(ii) Set PTR:=PTR+1.

[End of inner loop]

[End of step 1 outer loop]

4. Exit

INSERTION SORT:

Suppose an array LA with n elements LA[1], LA[2], LA[3], . . .  . . , LA[n] is in memory. The insertion sort algorithm scans LA from  LA[1] to LA[n], Inserting each element LA[k] into its proper position. 

Following steps will be taken for this purpose.

Pass 1.
LA[1] by itself is trivially stored.

Pass 2.
LA[2] is inserted either before or after LA[1] so that LA[1], LA[2] is sorted.

Pass 3.
LA[3] is inserted into its proper place either before LA[1], between LA[1] and LA[2] or after LA[2] so that LA[1], LA[2], LA[3] is sorted.

Pass 4.
LA[4] is inserted into its proper place either before LA[1], between LA[1] and LA[2] or after LA[2] and befor LA[3] or after LA[3] . So that  LA[1], LA[2], LA[3], LA[4] is sorted.

And at the end 

Pass N
LA[n]is inserted into its proper place in either  before LA[1] or after LA[2] or between LA[3] and LA[4] and up to so on. So that  LA[1],LA[2LA[3]…….to LA[n] all the element will be sorted.

Consider the following data Using insertion sort.

	Pass
	A[0]
	A[1]
	A[2]
	A[3]
	A[4]
	A[5]
	A[6]
	A[7]
	A[8]

	K = 1
	-Infinite
	77
	33
	44
	11
	88
	22
	66
	55

	K = 2
	-Infinite
	77
	33
	44
	11
	88
	22
	66
	55

	K = 3
	-Infinite
	33
	77
	44
	11
	88
	22
	66
	55

	K = 4
	-Infinite
	33
	44
	77
	11
	88
	22
	66
	55

	K = 5
	-Infinite
	11
	33
	44
	77
	88
	22
	66
	55

	K = 6
	-Infinite
	11
	33
	44
	77
	88
	22
	66
	55

	K = 7
	-Infinite
	11
	22
	33
	44
	77
	88
	66
	55

	K = 8
	-Infinite
	11
	22
	33
	44
	66
	77
	88
	55

	Sorted
	-Infinite
	11
	22
	33
	44
	55
	66
	77
	88


INSERTION SORT ( A, N, PTR, TEMP, K )

(This algorithm sorts the array LA with N elements. Temp is the temporary location to hold the element be inserted  1<= k<=N.

1. [ Initialize the sentinel element ]

Set LA[0] := -

2. Repeat step 3 to stop 5 for k = 2,3, . . . N.

3. Set TEMP : = LA[k] and PTR : = k-1

4. Repeat while TEMP < LA[ PTR ]

(a) [ Move element forward ] 

 Set LA[PTR + 1] : = LA[PTR]

(b) Set PTR : = PTR – 1

 [End of loop]

5. [ Insert the element ]

Set LA[PTR +1] : = TEMP

[End of step 2 loop]

6. [Finish]

Return

-------------------------------------------------------------------------------------Searching
Searching means the operation of finding the location of element in array. If element found in array in this process then search is successful and if element not found in array then search is said to un successful.

Let LA be a collection of data elements in the memory and suppose a specific ITEM of information is given.  Searching refers to the operation of finding location ITEM in LA. The search is said to be successful if ITEM is found and unsuccessful otherwise.

Two important and useful method of searching are:

Linear Search

Binary Search

Linear search
In this search particular element is search sequentially in the whole list. Suppose LA is a linear array with N elements. Given no other information about LA, the most intuitive way to search for a given ITEM in LA is to compare ITEM with each element of LA one by one. 

To simplify the matter we first assign ITEM to LA[N+1], the position following the last element of LA. Now LA[1] is compare with LA[n+1] if both same then LOC=LA[1] and if not then LA[2] is compare with LA[n+1] and son in the end if LOC is found before the LA[n+1] then search is successful otherwise search is not successful. The purpose of this initial assignment is to avoid repeatedly testing whether or not we have reached the end of the array DATA.

This method of searching is called linear search or sequential search.

Algorithm for linear search

(Here LA is a linear array with N elements, and ITEM is a given item of formation. This algorithm finds the location of ITEM in LA.) 

1. [Insert item at the end of LA]

set LA[N+1]:=ITEM

2. [Initialize counter]

set LOC:=1

3. [Search for item]

Repeat  while LA[LOC] != ITEM

Set LOC:=LOC+1

[End of loop]

4. If LOC:=N+1 then search is successful else search is unsuccessful

5. Exit

Binary Search

Binary search is very effected method when we have sorted list. In this sorting process we find the middle element and compare the middle element of the list with searching element if middle element is equal to searching element then search is successful other wise we compare that searching element is grater then middle element or less then middle element. If grater then middle element then we find in right side and if less then middle element then we find in right side.

Procedure of Binary Search:

If we have list DATA of N element and we find the location of element ITEM then we find the middle element such as

MID= INT (BEG + END) /2)

Where BEG is starting element and End is final element.

Consider the following example:

	11
	22
	30
	40
	44
	55
	60
	66
	77
	80
	88


1
 2
 3
   4
   5
   6
   7
   8
   9
   10
    11
   

Suppose we want to search 40 in above data using binary search method. So according to this method first we find the middle element and then compare with searching element which is 40 in our case.

MID=INT(BEG +END)/2

( MID=INT(1+11)/2 ( MID=6

As MID is 6th element which is 55
As we see that MID is not equal to 40 and searching element is less then MID element so we find the element in left side of list. We again calculate MID such as

END= MID –1 its means MID=6-1 =5 

( MID=INT(BEG+END)/2( MID=INT(5+1)/2 ( MID=3

AS MID is 3rd element which is 30 and equal to searching element and also we see that searching element is grate then MID so we find the element in right side so we again calculate BEG which is MID +1 its means

BEG=3+1 =4 and

MID=INT (BEG +END)/2( MID=INT (4+5)/2( MID=4

AS MID is 4th element which is 40 and equal to searching element.

As MID is equal to searching element so search is successful.

ALGORITHM OF BINARY SEARCH

(LA is list of element with lower bound LB and upper bound UB and item is given ITEM is searching element.)

step-1

[initialize the counter]



set BEG=LB , 
END=UB
and

MID= INT(BEG+ END)/2

Step-2

[Set the loop]



Repeat step 3 and step 4 while BEG<= END and LA[MID] != ITEM

Step-3

if ITEM < LA [MID] then
Set END=MID-1



ELSE



Set BEG=MID+1

Step-4

Set MID=INT (BEG +END)/2





(End of the loop)

Step-5

if LA [MID]=ITEM Then



Search is successful



Else



Search is unsuccessful

Step=6
[finish]



Exit

---------------------------------------------------------------------------STACK
A stack is a linear structure in which items may be added or removed only at one end. Every day examples of such a structure are a stock of dishes, a stack of pennies, a stack of dishes and a stack of folded cloths. We can observe that an item may be added or removed only from the top of the stack. It means that the last item to be added to a stack is the first item to be removed. Due to stacks are also called last in first out (LIFO) lists.

In stack an element may be inserted or deleted only at one end called the top of the stack. It means that the elements are removed from a stack in the reverse order of that in which they were inserted into the stack.

Special terminology is used for two basic operations associated with stacks.

1. “push” is the term used for insertion.

2. “pop” is the term used for deletion.



For example  

A,B,C,D are 4 element of stack  ST.
so we see that A , B, C, D are stored on location

1,2,3,4. So top in this stack is 4.

PUSH( STACK, TOP, MAXSTK, ITEM )

(This algorithm inserts an element ITEM in the STACK. TOP is a pointer that indicates the top position of the stack and MAXSTK is the no of elements that can be placed in the stack.)

1. [Check for overflow]

If TOP > = MAXSTK then

    Printf (“ overflow “)

        RETURN

2. [Increase the TOP]

Set TOP = TOP + 1

3.
[Push the element]


STACK [TOP] = ITEM

3. [Finish] 

Exit

POP ( STACK, TOP, ITEM )

(This algorithm deleted the top element of the STACK and assigns it to the variable ITEM. TOP is the pointer that indicates the top position of the stack.)

1. [Check for underflow]

If TOP = 0 then

Print (“Underflow “)

        RETURN

2. [Pop the element]

Set ITEM = STACK [TOP]

3. [Decrease the counter]

Set TOP = TOP – 1

4. [Finish]

Exit

--------------------------------------------------------------------------QUEUSE
A queue is a linear list of elements in which deletion can take place only at one end, called the FRONT, and insertions can take place only at the other end, called the REAR. These two terms are only used with the queues. Queues are also called First-in First-out (FIFO) lists.

Example of queue in daily life is the people waiting in a line at a bank.  Man first comes first out form line. An other example of queue is line of those people who waiting for bus at bus stop. Each new person who comes takes his place at the end of the line when bus is comes, the person at front of line board first. An important example of a queue in computer science occurs in a timesharing system, in which the programs with the same priority form a queue while waiting to be executed.

Following Figures shows the way the arrays in figures a, b, c and d will be stored in memory using an array QUEUE with N elements. These figures also indicate the way elements will be deleted from and the way elements will be added to the queue.

1. FRONT = 1

REAR = 4

	A
	B
	C
	D
	
	
	. . . .
	N


                  1
         2           3           4             5           6                         N

2. FRONT = 2

REAR = 4

	
	B
	C
	D
	
	
	 . . . .
	N


                   1            2         3         4               5            6                       N

3. FRONT = 2

REAR = 6 

	
	B
	C
	D
	E
	F
	 . . . .
	N



       1            2          3          4            5            6                         N

4. FRONT = 3

REAR = 6

	
	
	C
	D
	E
	F
	
	N


                  1          2           3          4             5            6                         N

Note that whenever an element is deleted from the queue, the value of FRONT is increased by 1; this is accomplished by 

         FRONT: = FRONT + 1

Similarly whenever an element is added to the queues the value of REAR is increased by 1; this is accomplished by 

         REAR : = REAR + 1
QUEUE INSERTION (QUEUE, N, FRONT, REAR, ITEM)

(This algorithm inserts an element ITEM in the array QUEUE where N is the number of elements in the queue and FRONT and REAR are the pointers.)

1. [Check for overflow]

If FRONT = 1 and REAR = N or Front=Rear +1 then

Printf (“overflow “) and 

  RETURN

2. [ Increment the Rear ]

If FRONT = Null and REAR = Null

  
Set FRONT = 1 and REAR  =1

 Else if REAR = N then

       
Set REAR = 1

 Else 

       
Set REAR = REAR + 1

[End of if structure]

3. [Insert the element]

Set QUEUE [REAR] = ITEM

4. [Finish]

Exit

DELETTION IN QUEUE (QUEUE, N, FRONT, REAR, ITEM)

(This algorithm deletes an element from the QUEUE and assigns it to the variable ITEM. N is the total no of elements FRONT and REAR are used as pointers).

1. [Check for underflow]

If FRONT =0 then

     Printf (“Underflow “) and

              RETURN

2. [Delete the element]

Set ITEM: = QUEUE [FRONT]

3. [Increase the FRONT]

If FRONT = REAR then

   Set FRONT  = REAR = 0l

Else 

            If FRONT = N then

             Set FRONT= 1

Else 

             Set FRONT = FRONT + 1

 [End of If structure]

4. [Finish]

Exit

-----------------------------------------------------------------------Linked List

Data processing frequently involves storing and processing data organized into lists. One way to store such data is by means of arrays. Array is linear relationship between the data elements. The element of array take place continues memory location so they have physical relationship between data element in the memory and if once array declared than we can not increase the size of array.

An other way is Link List. In link list the entire element have logical relation ship not physical relation ship like that array. In simple word, link list is linear collection of element called node. Where linear order given by means of pointer. Such that each node divided in to two parts. First part contains the information of the element and second part called the link field or next pointer field, contains the address of the next node in the list.

In the following figure a linked list is shown with five nodes. Each node is pictured with two parts. The left part represents the information which may contain an entire record of data items e.g. NAME, ADDRESS, . . . . . and etc. The right part represents the next pointer field of the node, and there is an arrow drawn from it to the next node in the list. The pointer of the last node contains a special value called the null pointer, which means end of the link list.

 

 The linked list also contains a list pointer variable called start or name that contains the address of the first node in the list. A special case is the list that has no nodes. Such a list is called the null list or empty list and denoted by the null pointer in the variable START.

Representation of linked list in computer memory.

Let LIST be a linked list. Then LIST will be maintained in memory as follows. First of all LIST requires two linear arrays, we will call them INFO and LINK such that INFO[k] and LINK[k] contain the information part and the next pointer field  of a node of LIST, respectively. LIST requires a variable name such as START which contains the location of the beginning of the list and a next pointer sentinel denoted by null which indicates the end of the list. Since the subscripts of arrays INFO and LINK will usually be +ve, we will choose null=0. 

The following example of linked list indicate that the nodes of a list need not occupy adjacent elements in the arrays INFO and LINK, and that more than one list may be maintained in the same linear arrays INFO and LINK. However, each list must have its own pointer variable giving the location of its first node.

Example

Following figure shows a linked list in the memory. Here each node of the first contains a single character.


We can obtain the actual list of characters, as follows.

START = 6, so
INFO [6] = A

LINK [6] = 1, so
INFO [1] = B

LINK [1] = 3, so
INFO [3] = C

LINK [3] = 4, so
INFO [4] = D

LINK [4] = 2, so
INFO [2] = E

LINK [2] = 5, so
INFO [5] = F

LINK [5] = Null, 

LINK [5] = 0 or Null so the list has ended.

Traversing a linked list

Let LIST be a linked list in memory stored in linear arrays INFO and LINK with START pointing to the first element and Null indicating the end of LIST. Suppose we want to traverse LIST in order to process each node exactly once.

Traversing algorithm uses a pointer variable PTR that points to the node that is currently being processed. Accordingly LINK [PTR] points to the next node to be processed. Thus the assignment

              PTR = LINK [PTR]

Moves the pointer to the next node.

The details of the algorithm are as followed.

Initialize PTR or START then process INFO [PTR], the information at the first node. Update PTR by the assignment PTR = LINK [PTR], so that PTR points to the second node. Again update PTR by the assignment PTR=LINK [PTR], and then process INFO [PTR], the information at the 3rd node, and so on. Continue until 

     PTR =Null  

Which signals the end of the list.

A formal presentation of algorithm follows.

ALGORITHM TRAVERSING FORM LINK LIST

(Let LIST be a linked list in memory this algorithm traverses LIST, applying an operation process to each node of LIST. The variable PTR points to the node currently being processed node.

1. [Initialize pointer PTR]

Set PTR = START

2. Repeat step 3 and 4 while PTR  ! = Null

3. Apply process to INFO [PTR]

4. [Increment the PTR to the next node]

Set PTR  = LINK [PTR]

[End of step 2 loop]

5. [Finish]

Exit

INSERTION IN BEGGING OF LINK LIST

IF we want to insert new item in the link list and there is no restriction for specific place means that we inset the new element at anywhere. So we insert the element in begging of the link list. For this purpose we create new place and set this place as start.

ALGORITHM FOR INSERTION IN BEGINNING OF THE LINK LIST

(In this algorithm we insert an ITEM in first location of link list. START is very first node and AVAIL is next available node in link list.) 

Step1.

[Check for over flow]



If avail=null then



Print “Over flow” exit

Step2.

[Make new avail]



Set new =avail 
and
 avail=link [avail]

Step3.

[Insert the element in new]



Info [new]=item

Step4.

Link [new]=start

Step.

[Set new as start]



Start=new

Step6

exit


INSERTION IN SORTED LINK LIST

IF we want to insert new ITEM in sorted link list then item must be inserted between the two node A and B. For this purpose first of all we find the location (LOC) of new node by comparing new item with each value of list and stopped the searching of location when ITEM<=info [PTR].

After this second procedure will be start in which we insert the new item at position LOC.

ALGORITHM FOR INSERTION IN SORTED LINK LIST

(In this algorithm we insert an ITEM in sorted list. This algorithm is divided in to two sub algorithm. In first step we find the location LOC for new item and then in 2nd step we insert new ITEM at LOC. START is very first node and AVAIL is next available node in link list.) 

First process: [Finding the LOC for new ITEM]

Step1.

[Check for List is empty] 



If START=NULL then LOC=NULL and Return

Step2.

[Special Case]



If ITEM < info[START] then Set LOC=NULL and Return

Step3.

[initialize the pointer ]



Set 
save= START and PTR=link [START]

Step4.

[Set the loop]


Repeat the step 5 and 6 while PTR != NULL

Step5

if ITEM<INFO[PTR] then

Ste LOC = SAVE and return

Step6.

[Update the pointer]



Set SAVE= PTR and PTR = Link [PTR]

Step 7.
Set LOC=SAVE

Step 8.
Return

Second process: [Insertion of element at location (LOC)]

Step1.

[Check for over flow]



If avail=null then



Print “Over flow” exit

Step2.

[Make new avail]



Set new =avail and avail=link [avail]

Step3.

[Insert the element in new]



Info [new]=item

Step4.

[Check new location of new node]


If LOC= NULL then [inserts new node as first node]

Info [new]=item

.

Link [new]=start



Start=new

Else

[Set new node at LOC]

Set link [new]=link [loc] and link [loc]=new

Step6

[Finish]



Exit


------------------------------------------------------------------ARITHMETIC EXPRESSION 

Priority of Operator:

An arithmetic expression is collection of arithmetic operator and operand where operator may be Unary Operator or may be binary operator. When we solve an arithmetic expression then which operator perform its operation this is called priority of operator. Basically these operator works in three levels.

Highest Priority
:
Exponentiation

Second Priority
:
Multiplication and division

Third Priority

:
Addition and subtraction

Suppose we want to evaluate the following expression.

2^ 3 + 5 *2 ^ 2 –12 /16 

First of all we evaluate Exponentiation



8 +5 * 4 – 12 /16

Now second priority to Multiplication and division. if both operator of same priority then w solve from left to right as in our case  ( * )  and (  / ) have same priority the we solve form left to right . First we solve multiplication process.



8 + 20 – 12 / 16

In next step we solve division process.



8 + 20 –2

And in the end  + and  - again have same priority then we again solve from left to right. So we solve  + operation first.



28 –2

Final step is process of subtraction
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POLISH NOTATION:

When we write an arithmetic expression then operator takes place between two operands this is called infix notation. 

For example 



X + Y
(Where x and y are two operand and + is operator)

If we write an expression and operator take place before the operands then this is called prefix notation or polish notation.

For example 



+ X Y
(Where x and y are two operands and + is operator)

If the operator in an expression takes place after the operands then this is called postfix notation.

For example:

X Y +
(Where x and y are two operand and + is operator)


Conversion OF infix expression to Polish notation:

We translate step by step, the following infix expression into polish notation using brackets [ ] to indicate a partial translation:

·  A + (B * C)

·  A + [*BC]

·  +A * BC

Conversion OF infix expression to Postfix notation:

We translate step by step, the following infix expression into postfix notation using brackets [ ] to indicate a partial translation:

·  A + (B * C)

·  A  + [BC *]

·  A BC * +

----------------------------------------------------------------------------------------- TREES
Tree is non-linear data structure. This structure is mainly used to represent data containing a hierarchal relation ship between elements (For example) record, family relation ship, and table contents.

The earth structure is a good example of tree. If we want to represent the structure graphically, we will have the following diagram.





 



   




  

All data element in tree called nodes. The node, which does not have its preceding nodes, is called ROOT node and it is consider at level number one. If a tree have ROOT node N and S1 and S2 left and right successor then N is called parent or father and S1 is called left childe and S2 is called right child. S1 and S2 are called brother or siblings. The node on same level are called “NODE OF SAME GENERATION”.

BINARY TREE:

A tree is said to be binary tree if it have at most two nodes. In simple word we say that a binary tree must have zero, one or two node. A binary tree is very important tree structure. 








Complete Binary Tree:

A tree is said to be a complete binary tree if it have exactly two nodes except last node.




Similar Binary Tree:
Two binary tree T1 and T2 are said to be similar binary tree if they have same structure.  In simple word we say that if two trees have same shape then they are called similar trees.




T1




T2





Copy of Tree:

Two binary tree T1 and T2 are said to be copy of each other if they have same structure and same contents.





T1




T2




Traversing of Binary tree:

There are following three standard way of traversing the element of binary tree.

1) Pre Order: -

· Process on ROOT.

· Process on LEFT Node (In pre order).

· Process on RIGHT node (In pre order).

2)  In Order: -

· Process on LEFT Node (In in-order).

· Process on ROOT.

· Process on RIGHT node (In in-order).

3) Post Order: -

· Process on RIGHT node (In post order).

· Process on LEFT Node (In post order).

· Process on ROOT.

Example:

If we take following expression:



[a +(b-c)] * [d –c) / (f + g –h)]

Then following tree represent the above expression:



















Pre order traversing:

*    +    a      -    b    c    /    -    d    e    -    +    f    g    h

Post Order traversing:

a    b   c   -   +   d   e   -   f   g   +   h   -   /   *

ALGORITHM FOR PRE ORDER TRAVERSING

Suppose T is binary tree then with the help of this algorithm we access the element of T in pre order using stack which temporary hold the data.

Step-1

[initialize the pointers]



Set TOP=1 and STACK [TOP]=null and PTR=ROOT

Step-2

[set the loop]



Repeat the step 3 to 5 while PTR != null

Step-3

Apply the process on ROOT

Step-4

If RIGHT [PTR]! = Null then 



[Push the item in stack]



Set TOP = TOP +1 and STACK [TOP]=RIGHT [ROOT]

Step-5

If LEFT [ROOT]!  = Null then



PTR= LEFT [ROOT]



ELSE



PTR= STACK [TOP] AND TOP = TOP –1



[End of the loop]

Step-6

[end]

ALGORITHM FOR IN ORDER TRAVERSING

Suppose T is binary tree then with the help of this algorithm we access the element of T in IN-ORDER using stack which temporary hold the data.

Step-1

[initialize the pointers]



Set TOP=1 and STACK [TOP]=null and PTR=ROOT

Step-2

Repeat step (a) and (b) while PTR! = Null 

i. Set TOP= TOP +1 and STACK [TOP]=PTR

ii. Set PTR= LEFT [PTR]

Step-3

Set PTR= STACK [TOP] and TOP = TOP –1

Step-4

Repeat step 5 to 7 while PTR! = Null 

Step-5

apply the process on PTR

Step-6

if RIGHT [PTR] != null then                                                                  



PTR= RIGHT [PTR] and GOTO step 2

Step-7

Set PTR=STACK [TOP] and TOP = TOP –1



[End of the loop]

Step-8

[END]

ALGORITHM FOR POST ORDER TRAVERSING

Suppose T is binary tree then with the help of this algorithm we access the element of T in POST ORDER using stack which temporary hold the data.

Step-1

[initialize the pointers]



Set TOP=1 and STACK [TOP]=null and PTR=ROOT

Step-2

[Push the left node in to stack]



Repeat step 3 to 5 while PTR! = Null

Step-3

Set TOP = TOP +1 and STACK [TOP]=PTR

Step-4

if RIGHT [PTR]! = NULL then



Set TOP = TOP +1 and STACK [TOP]=RIGHT [PTR]

Step-5

Set PTR=LEFT [PTR]

Step-6

Set PTR= STACK [TOP] and TOP= TOP –1 

Step-7

Repeat while PTR> 0 



Apply process on PTR



Set PTR= STACK [TOP] and TOP= TOP –1

Step-8

if PTR< 0 then



SET PTR= -PTR



GOTO step 2

Step-9

exit
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