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y computation.EX: Int, Char, String ¢1C.,

There are different types of data types in programming like built-in, user-defined
and abstract ctc.,
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Data structyres

Primitive dm\

Non-primitive data structure

ex:-int, float, char

ics
€X:- array ,linked, stack,queue, tree& graphic

Primitive data str uctures :-
from the system. ex: Int, floa

primitive data structures are access the features directly
t, char.... . ( With explanation )

' Non-primitive data structure:Non
rectly from the system. These are m

derived from the primitive data stru
ex: array,

o indi-
-primitive data structure are access the features

re
ore complex data structures. These data structures a
Ctures.

linked, stack, queue, tree& graphics ( With explanation )

Non-primitive data structure

linear data structure non—linear data structure

linear data structure :In linear data strueture,we arrange the elements in sequential
manner (or) to store the elements in sequential memory location.

ex:- array,linked llSt ,queue,stacks (Wlth Definition only )

Non-linear data structure
sequential {or} hierarchical manner. :
EX:- tree and graphics ( With Defimtlon only)

" Data structure provrdes mamly 7 types of operatxon for solve the problems
1 Creation e :

Traversing
Insertion
Deletion
Searching
Sorting
Merging
Creation:- create refers, to create an array and also to read the elements 1nto the list.

NowawD

: *Traversmg Travers refers, to display{or}to visit each and every element from the list

# "Insertlon :-insertion refers to insert a new element at partlcular position mto the list.

Deletlon -delete refers, to delete a  particular element from the list.

:-In non- lmear data structure .we arrange the elements in.non-
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Searching:- Search refers, to Search {or} to find out given element is there {or} not.

Sorting:-sort refers, to arrange the elements in specific order either ascending order
{or}descending order.

Merging:- merge refers, to combine two sorted list into a single list

Explain Storage Structure:-

Main memory — only large storage medla that the CPU can access directly. (Explain
RAM and ROM )

Secondary storage —extension of main memory that provides large nonvolatile storage
capacity.(Explain secondary storage devices )

Magnetic disks —rigid metal or glass platters covered with magnetic recording material

Write about File Structures:-

L File structure was suitable when files were stored only on large reels of magnetic
- tape and skipping around to access randoin data was not possible.

Bankingtransactions (deposits and withdrawals), for example, might be sorted
in the same order as the accounts file, so that as each transaction is read the system
need only scan ahead (never backward) to find the accounts record to which it applies.

(With explanation of Sequential and Random Access files)
Linear Lists:- -

The elements are ordered within the linear list in a linear sequence. Linear lists are .
usually simply denoted as lists. Unlike an array,a- list is-a-data structure allowing msertlon
and deletion of clements at an arbitrary posmon of the sequence. gy i3

The linear llst ADT

An example -we cou[d define anADT for llStS of integers

structure :-

* a finite sequence of nodes
* since a sequence, order is implied A
* a node is an undefined term — some collection of data

: vposs:ble operations :-

* start a new, empty list
* insert a new item into the list
* delete an item with a given value
* search for an item in the list
* print the list etc.
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* To implement such an ADT, we could use
Aarrays

Nodes

Explain Arrays:-

"Array :- “An array is a group of contiguous (continuous) related data items that
share a common name.” (or)

“An array is a collection of same type of elements that share a common name.”
Arrays are divided into following types

1. one dimensional array
2. Two dimensional array

1.0ne Dimensional Array:-When an array is declared with only one index (subscript)
value then it is called as one dimensional array.
Creating an array:-

. Like any other variables, arrays must be declared and created in computer
memory before they are used. Creating an array involves 3 types.
1. Declaring an array.
2. Creating memory.
3. Putting values into memory.
Declaraing the array:- Arrays in java may be declared in two forms:
Form 1:- type arrayName[];
Eg:- int a[];
float b[]; _
Form 2:- type[] arrayname;
Eg:-int[] a;
float[] b;

Creation of arrays:-

After declaring an array we need to allocate memory locations for

the memory. Java allows to ér§§t¢ the arra
syntax:- arrayName=new type[size];’
i Eg:- a=new int[5]; RGBT
Here ‘a’ refers to an array of 5 integers.
It is also possible to combine declaration and creation into one st
type arrayName[ J=new type[size]; :
“eg:- int a[ J=new int[5]; 5
the following diagram shows creation of an arryay in the memory, ... .

-‘new’ operator. - ‘

ef) as followé:”

Statement o : Résulf ‘1
inta[] : a Null'l
a=new int[5]; - 0 1 2 -3 4
a
4
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Putting values into arrays (or) Initialization of arrays:-
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The final step is to put the values in to the created array. This process is known
as array initialization. This is done by using the array subscript as shown below.
Syntax: arrayname[subscript]=va1ue;
Eg:- a[0]=10;
a[1]=20;
a[2]=30;
a[3]=-40;
a[4]=-50;
java creates array subscripts from’0’ to size -1. We can also initialize arrays auto-
matically in the same way as the ordinary variables as shown below:
Syntax:- type arrayname[ ]={list of values};
int a[ 1={10, 20, 30, -40, -50};
The array initialization is a list of values seperated by commas and enclosed by curly
braces. It is also possible to assign an array object to another array object of same type.

int[ ] a={1,2,3,4};
int{[]b;
b=a; // is valid statement

Array length:-
In java, we can calculate array size by using a variable name length . We can obtain

the length of the arrayname. It returns size of the array as Integer.

Eg:- int size = a.length; | o
This information will be useful in the manipulation of arrays, when their sizes are

not known.
/* program to calculate the sum and average of array elements*/

class ArraySum

{

public static void main(String args[])

{ :
.+ int[] a={45,10,22,33,14};
- int sum=0;
. float avg;
“ for(int i=0;i<a.length;i++)

sum=sum-+ali];
avg=(float)sum/a.length;

. System.out.println(“sum="+sum);
System.out.println(“average="+avg); P o |
) e

Two dimensional arrays:- R

. When an array declared with 2 subscripts then that array is known as two-di-
mensmna}l array. It can be viewed as table of elements which contains rows and columns.
F_OI creating two-dimensional arrays, we must follow the same steps as that of single dimen-
sional array. 3




Creating an array involves 3 types.

1. Declaration of two dimensioni‘ll arfay.
2. Creating memory to the two dlr_nensmnal array .
3. initialization or Putting values into memory.
1. Declaration of two dimensional arrays:- Two dimensional arrays are
two forms as follows. '

Form 1:- datatype arrayName[ ][ ];
intal ][ 1;
Form 2:- datatype[ ][ ] arrayName;

float [][ ] a;

2. Creatingmemory to the two dimensional array:- After declaring the array we
need to create memory locations by using new operator as follows.

Syntax:- arrayname= new datatype[ rows][columns ];
a= new int[3][3];

Here creates a table that can store 9 integer values i.e 3rows and 3 columns as shown
below. - :

row( a[0,0] | a[0,1] |- a[0,2]

rowl | a[1,0] |a[1,1] | a[1,2]

row2 | a2.01 |a21] | - a2 R i

3. Initialization or puffihg values into two dimensional arrays:- - _Th§ final step is to
put'the values into the'created array. This process is known as-array initialization.

arrayName[row][column]=value;

a[0][0]=1000; : .
‘While declaring an array we can initialize it with some values. The general format to
initialize a two-dimensional array is as follows:- :

Syntax:— type arrayNa.m::A[‘ ][]={ {row 1 values},{row2 values},—.:};;
int a[ ][ I={ {90,90,90},'{8l0,70,69} 3 \

|

declared in ‘
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g"‘ Wrate short note of Mappings:-

B ) we can imagine that a mapping look like this

.

E* Mapping

:

; Index > Value

a = Index > Value
1 | Index | V.

~3 alue

e

i - Index > Value

,N‘ Index > Value

! ; ’/ Index > Value

“‘ Lookup Function

xrrﬂ Each index-value pair is floating around freely inside the mapping. There is exactly

“- .. one value for each index. We also have a (magical) lookup function. This lookup function

Z-  can find any index in the mapping very quickly. Now, if the mapping is called m and we
' index it like this: m [ i ] the lookup function will qmckly find the index i in the mapping and

“return the corresponding value. If the index is not found zZero is retumed instead. Writing a
constant mappmg is easy: :

Explain Sparse Matrices:-

“Sparse matrlx isa matrlx whlch contalns y Iy ';few non-zero elements”. In computer
programmmg, amatrix can be deﬁned with a 2-dimensional array. Any array with ‘m >columns
* and “n’ rows represents a mXn matrlx There may be a situation in which a matrix contains
more number of ZERO values than NON-ZERO values. Such matrix is known as sparse

matrix.

Pt
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When a sparse matrix is fepresented with 2-dimensional array, we waste lot of space
to represent that matrix. For example consider a matrix of size 100X 100 containing only
10 non-zcro eIements In thls matrix, only 10 spaces are filled with non-zero values and
remammg spaces of matrix are filled with zero. That means, totally we allocate 100 X100X
2=20000 bytcs:of space to store this integer matrix. And to access these 10 non-zero elements
we have to make scanning for 10000 times.




~ Sparse Matrix Representations

A sparse matrix can be represented by using TWO representations, those are as fullogr.
1. Triplet Representation
2. Linked Representation

Triplet Representation

ow and column
In this representation, we consider only non-zero values along with their r

mns and total
1ndex values. In this representation, the 0% row stores total rows, total colut
non-zero values in the matrix.

ero values This
For example, consider a matrix of size 5 X 6 containing 6 number of non-z
matrix can be represented as shown in the j Image...

;7 iRo\fvs Columns| Values l

\v

NOO OO
OO NOO

loor ool
o000 0o

OO O OoOYw
jeuvwo ool

In above example matrix, there are only 6 non-zero elements (-those are 9; 8, 4 2 5.
& 2) and matrix size is 5 X 6. We represent this matrlx as shown in the above i image. Here

'»the first row in the rlght side table is ﬁlled thh values 5,6&6 whlch mdlcates that itisa-
= Jtr.sparse matrix with 5 rows, 6 columns & 6 non zero values Second row s filled with 0,4, &-j_- e
f.9 Whlch 1nd1cates the value in the matrix at Oth row 4th column 15 9. In the same way the :

E remammg non-zero values also follows the s1m11ar pattern
Linked Representation

In Imked representatlon we use linked list data structure to represent a sparse matrlx In this
linked hs we use two different nodes namely header node and element node,

Header node
consnsts of three ﬁelds and element node consists of five ﬁelds as ShOWn in

the image...

L 4]
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Consider the above same sparse matrix used in the Triplet representation. This sparse matrix

can be represented using linked representation as shown in the below image...

@3E¢E:tﬁitdtl?ﬂzﬁjj
, -B1
mni

.., H5 indicates the header nodes which are uséii__"to reprcéént

In above representation, HO, Hl,.
non-zero elements in the ma{rik, except-ihc :

indexes. Remaining nodes are used to represent
very first node which is used to represent abstract information of the sparse matrix (i.e., It is
a matrix of 5 X 6 with 6 non-zero elements). S e

write a short note of Sets \

Abstract Data Types (ADTs):- We introduced the idea of an abstract data type: a set of
operations, properties, and behaviors (axioms) that together define a particular kind of data.
We saw two examples of ADTs: Sets (collections of elements with no duplicates and no
ordering), and Bags (collections of elements that allow duplicates but are not ordered). We
showed that Java interfaces capture the operations, but the properties and behaviors do not
have a direct representation in Java (much as types had no direct representation in Racket).

Operations on Sets:

One may define the operations of the algebra of sets:

union(S,T): returns the union of sets S and T.

9




intcrsection(S,T): returns the intersection of sets S and T.
difference(S,T): returns the difference of sets S and T.

subset(S,T): a predicate that tests whether the set S is a subset of set T.

LINKED LIST i

ar list of elements where we can perform both the msgr-
andom. In a linked list the data will be stored in the form of a mm
tains two elements namely DATA & LINK. The DATA ﬁelfi contains
field contains the address of the next node. There is a special pointer
contains the address of the first node, there is a special constant called
nts the end of the |ist .

A linked list is one in which all nodes are linked together in some

ence it is also called as linear linked list.
node 1

Linked list is a line
tion and deletion at r

where each node con
value and the LINK
called HEAD, which
*NULL which represe
Single Linked list :-
sequential manner.H

node 2 node 3
HEAD .—— 70102 80 | 103 60 | ~—1— NULL
. 101 102 103
onci{ntions:-the following operations can perform on a list.
1. Creation
2. Traverse
3. Insertion
4, Deletion

Creation:- in creation check the condition that the HEAD is NULL or not AfHEAD is null

then create a new node and assign that address to the HEAD . otherwise create a new node
assign that addres to the previous node link. :
ALGORITHM:-

Creation(num) e ot
Step 1 : START. " -
STEP2: - - If (head=null)then
R p =new node;
- p.data=num;-

p.link=NULL;

HEAD=P;

t = new node;

t.data=num; :

t.link=NULL; .- : ' o

p.link=t; Ftee 3T L

p=t; R X |
step 3: STOP ' ‘ '-
Traverse:- In this we display each and every element from the list . in a single linked list
traversing can possible only one direction from first element (HEAD) to last clement (NULL)
Because node contains next node address. ' :
Traverse:

10
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- ALGORITHM:- INSERT BEGIN(NUM)
“STEP 1:-START
~ .'STEP 2; -t=new node;

"STEP 3:- t.data=num;

" STEP 4:- t.link-head;

600000 dobdddbbbbdbbdddbbbddddbbbbebétbsd

ALGORITHM:-
Stepl : START
STEP 2: P=HEAD;
STEP 3: Repeat the step4&5
While (p!==NULL)
Step 4: print p.data;
Step 5: p=p.link;
Step 6: STOP
Insertion:- In sing;e linked list insertion can possible in 3ways
1. Insert the element at the beginning of the list
2. Insert the element at the end of the list.
3. Insert the element after specified node.
Insert the element at the beginning of the list:- suppose to insert the element at begin-

ning of the list, to create a new node and assign that address to the head and also estab-
lish link to the next node.
Before insertion

node 1 node 2 ‘ node 3
HEAD — 701102 80 | 103 60 —+ - NULL
101 102 103
104 ' :
3) °
After insertion "t
node 1 : node2 ..k node 3 .
70102 |——= 80 | 103 ——>|60 | “—— NULL
101 R I 103
104

STEP 5:- head=t;

STEP 6:- STOP

Insert the element'at the end of the list:- : suppose to insert the eleméni at END of the
list , to create a new node and as51gn that address to the last node link and store NULL
pointer to the link.

11




Before insertion

SR node 2 node 3 new
HEAD 60 | o | 0| -
After insertion to1 102 103 104
Ml node 2 node 3 new
HEAD m TaTe o[-
' 101 102 103 104

ALGORITHM:-
STEP 1:-START
STEP 2; -p=head;
STEP 3:- repeat the step 4 while
STEP 4:- p=p.link;

STEP S:- t=new node;

STEP 6:- t.data=num;

STEP 7:- t.link=null;

STEP 8:- p.next=t;

STEP 9:- STOP

insert End(num)

(p-link!= nuly

first we check specified node js t
noﬁqpthi_:rwisc display element not found. -

Before insertion.

node 1 _ 'nod-e2.', . node3
"HEAD —>{ 70{102 80 | 103 —={60 [ -
An 101 s | T
After insertion new node
node 1 ) node 2 ) node 3 new
" HEAD ——] 70 102" > 80 | 108 l
:.101 102 S
108 £33
12
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ALGORITHM:-
insert After (cle,num)

STEP 1:-START

STEP 2; - set P=head;

STEP 3:- repeat the steps 4&5
While(p!=NULL)

STEP 4:- if (cle=p.data)then
t=new node ;
t.data=num;
t.link= p.link;
p.link=t;

clse
p=p.link;
STEP 5:- stop

DELETION:- suppose if you want to delete the element from the list then we follow
mainly two type of methods.

1. If deleted clement is first node then to assign the address of second node to head.
2, - If deleted element is middle element then to assign the address of next node to
previous node.

Before Deletion

node 1 node 2 node 3
HEAD ——>1 70 |102 = 80 |103 >60 |104 = 50 | .
101 ' 102 103 104
After Deletion (Value =80 ) ;
node 1 node 2 node 3
HEAD —>{ 70 |102 60 |104 =50 .
: % 101 102 : 103
~ ALGORITHM :-
Delete(num):

STEP 1:- START
STEP 2;-  set P=head; -

.~ STEP 3:- if (P.data==num)then

Head=P.link and deletd P
else
Set q=P and P=P.link;

STEP 4:- repeat the step 6&7
While(P!=NULL)

13




STEP 5:- if(P.data==num) then
q.link = P.link and delete p;

STEP6:- celse
set q=p and p=p.link

STEP 7:- STOP

import java.io.*;
import java.util.*;
‘class node

{

int ele;

node link;

}

class list

¢ .

node head=null;

void create(int x)

{

node p;

node t=new node();
t.ele=x; '
t.link=null;
ifthead==null)

{ %,

head=p=t;
else 4 R
{ % : B =
for(p=head;p.link!=null;p=p.link);
} !
void display()
{ 3

node p; o

if(head=null)
{

System.out.println("cannot disfjlay"); 7

}

else

{ ‘
for(p=head;p!=null;p=p.link)
System.out.println("nos="+p.ele);

14
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void addbig(int x)

if(head==null)
{
System.out.println("cannot perform");

}

else

{

node t=new node();
t.ele=x;

t.link=head;

head=t;

}

b

void insert(int x,int k)

{

node p,q;

p=head; .
while(p!=null&&p.ele!=k)
{

p=p-link;

}

if(p==null)

System.out.printIn("item not found");

else :

{5

node t=new node();
t.ele=x;

- tlink=null;
-+, q=p-link;

. p.link=t;
7 t.link=q;

}
}

void delete(int x)

node p,q=null; ..

~-p=head;

ifthead=—null) -~
System.out.println("cannot delete");
if(head.ele==x)

{
head=head.link;

}

15




else

{
while(p!=null&&p.link.ele!=x)
{

p=p.link;

}

if(p==null)
System.out.printIn("Item not found™),
else

q=p.link;

p.link=q.link;

}
}
class linklist
{

;Eubllc static void main(String arg[])throws IOException
int x,ch k;

list ob=new list();

do

{ ‘ ,
System.out.printin("1.CREATE");
System.out.printin("2.ADD BIG");
System.out.printIn("3 INSERT");
System.out.println("4. DELETE");
System.out.println("5.DISPLAY");
System.out.println("6.EXIT");

System out. prmtln(“ENTER YOUR CHOICE"), :
DataInputStream inn=new DataInputStream(System 1n) o
ch=Integer. pa.rseInt(mn readLme()) ’
swﬁch '}D

casel:’
System out. printIn("Enter. Element“),
x=Integer.parselnt(inn.readLine());
ob.create(x);

break; -

case 2:

System.out. pnntln("ENTER ELEMENT"), oedshasas
x=Integer. parseInt(mn readLme()), e

U L Ujjjjjjjj_fjjjjjjj PPN Y

ob.addbig(x); &1 : ‘ |
break; : .

- case 3:
System.out.printin("ENTER ELEMENT"); o
x=Integer.parselnt(inn.readLine()); iy
16 ot
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- RIGHT:- It contains next node address
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System.out.println("ENTER POSITION");
k=Integer.parselnt(inn.readLine());
ob.insert(x,k);

break;

case 4:

System.out.printin("ENTER ELEMENT");
x=Integer.parselnt(inn.readLine());
ob.delete(x);

break;

case 5:

ob.display();

break;

case 6:

System.exit(0);

default:

System.out.println("Wrong choice");

) .

}whjle(ch!=6);

}

DOUBLE -LINKED LIST

Double linked: lISt is a linear data structure and also it is dynamic data ;

. structure because to insert or delete the elements 4t rumtime. In this element refers node It

contains namely three fields like left lmk(LEFT) DATA and nght—lmk (RIGHT)

LEFT:- It contams previous node address
DATA:- It contain actual value.”!

aRight ~ Left Data Right

Leﬁ Data Right i -

@ 70, -‘102 W 191 80 103 \—> 102[60 | -« - 3
101 4 5102 — 103 |
Start : ; End

In the above dlagram we use mainly two types of special pointers like START and
END. On that START is always pomts to the first node address END is always points to the

- ¢ . last node addresss.
-~ OPERATIONS:- The followmg operatlons can be perform ona Double linke list.
- 1. Creation _
2.2, Insertion
" 3. Traverse or list

4. Deletion

Creation:- In thls we first check the condition START is null or not . Ifj iti

1s null then ¢
anew node and assign that address to the START and END . Otherwise to iy

create anew node
17




and assign that address to the END.

ALGORITHM:- Creation(num)

Step 1 : START

Step 2:- If (START=NULL)then
t=new node;

t. LEFT=NULL,;
t. RIGHT-NULL;
START=END-=t;
else
t=new node;
t.data=num;
t.LEFT=NULL;
t.RIGHT=NULL;
END.RIGHT=t;
t.LEFT=END;
END=t;
Step.3:- STOP

Traverse:- The doubly linked list traverse can possible both directions like.

1. Forward traverse
2. Backward traverse

- 1.Forward traverse:- In this we v1snt each and every element from first element to last St

element (START to END) -

Algorithm :- Forward traverse () -

Step 1:- START :

Step 2:- set a=START;

STEP 3:- Repeat the step-4&5:
‘While (a!=NULL) -
‘Write (a.data)

a=a.RIGHT;
step 4:- STOP '

Backward Travese:- :- In this we visit each and every clement from last element to First
element (END to START) :
Algorithm :- -
.~ Backward traverse()
Step 1:- START
Step 2:- set a=END;
STEP 3:- Repeat the step 4&5
While (a!=NULL)
Write (a.data)
a=a.LEFT;

18
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address to the END. Because it is the last node

step 4:- STOP
Insertion :- suppose if you want to insert an element into the list called insertion .In this

we follow mainly 3 methods like.
1. Insert the element at the beginning of the list

2. Insert the element at the end of the list
3. Insert the element after specified node.

Insert the element at the beginning of the list :- In this we first create a new node and
next to assign that address to the START. Because it is the first node.

Before insertion

———sx
. |70 102 ] 101{80 | 103 [ 10260 | -
101 102 103
After insertion
10870 | 102 —>{101{80 [103 |- >l102]60 | .
. |50 [101 101 102 103
P 108
ALGORITHM :-insert begin(num)
Step 1:- START
Step 2:- t=new node;
Step 3:- t.data=num,;
Step 4:- "START.LEFT=t;
Step 5:- - tRIGHT=START;
- Step 6:- - t,LEFT=NULL;
Step 7:- START=t;
Step 8:- STOP

Insert the element at the end of the list:- In this we first create anew node and a351gn tha

Before insertion -

102|160 | «

&0 102 101[80 [103°}

101 102 103
After insertion '
. |70 [102 [T——(101(80 | 103 [———={102{60 | 108 k;.
101 102 103 'GL il
| e ‘ frogso | -
ALGORITHM :- End(num) - - b108
Step 1:-  START '
- Step2:-  t=new node;
~ Step 3:- t. data=num;
Step 4:- t.LEFT=END;

- 19
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Step 5:- END.RIGHT=t
Step 6:- t,RIGHT =NULL;
Step 7:- END=t;

Step 8:- STOP

¢ or not . Itis

is ther
Insert the element after specified node:- In this we first search element et fode

found then insert a new node and assign that address to the previous node an
otherwise to display element not found.

Before insertion

« |70 {102 10180 103 ——>f102(60 | -
) 101 102 103
After.insertion .
. 1781 i new 10880 [103 10260 | -
- 101|50 |102 102 103
103 |
ALGORITHM :-
Insert after(ele ,num)
Step 1:- START
Step 2:- set tmp =START;
Step 3:- while (tmp!=NULL)
‘ if(tmp.data==ele)then
. t=new node;
. tmp. RIGHT=t; :

7 tleft=tmp;

L5

t. RIGHT=tmp ._RIGHT;

DELETION. In thls you ﬁrst search delcted ements is there

to assign’ ‘the address previous node to next an, .next'node to prevmus node otherwise to-

display element not found..

ALGORITHM :- Delete (num)

Step 1:- START

Step 2:- seta=START;, .

Step 3:- if (a.data —num)thgn

‘ START=START. RIGHT and delete (a)
While (a'—NULL 3‘»
if (a.data —num)then
a.LEFT.RIGHT=a RIGHT.RIGHT;
. a.RIGHT.LEFT=as.LEFT;
Step 4:- STOP

20
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Before deletion

. |70 102 ~[101180 1103 ——>{13 60 |

101 102 103
After deletion

« |70 |103 101|180 [103 [=— "101 60
101 102 103

v

/

import java.io.*;

import java.util.*;

class node

{

int ele;

node link,prev;

) .

class list

L.

node head=null;

void create(int x)

{

node p;

node t=new node();

t.ele=x;

t.link=null;

t.prev=null;

if(head==null) _

{ L

head=p=t; e, R vk

clse P e TR A5 SRl TR

{ % ~_ s 3 ,,’h"_:- : : ;;':- : : : P o ! ,

for(p=head;p.link!=null;p=p.link); - .~~~ £572 £
p.link=t; ‘
t.prev=p;
p=t;
}

23 4

- = void display()

S
* nodep;

if(thead==null)
{ : .
System.out.println("cannot display");

}

dddédddddsissdibil

1855 €
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else

{

for(p=head;p!=null;p=p.link)
System.out.printIn("nos="-p.elc);
}

}

void addbig(int x)

{

ifthead==null)

{

‘System.out.println("cannot perform");

else
{

node t=new node(),
t.ele=x;
head.prev=t;
t.link=head;
t.prev=null;
head=t;

}

}

void insert(int x,int k)
{ 5
node p,q;
p=head;
while(p!=null&&p.ele!=k)
p=p.link;

} :
1f(p_null)

System.out. pnntln("xtem not found")

else
{
node t=new node();
t.ele=x;

‘q=p.link;
p.link=t;
t.link=q;.
q.prev=t;
t.prev=p;

} = i

}

22
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void delete(int x)

{

node p,r,q=null;
p=head;
ifthead==null)

System.out.println("cannot delete");
if(head.ele==x)

{

head=head.link;

head.prev=null;

}

else

{ .
while(p!=null&&p.link.ele!=x)
{

p=p.link;

} -
if(p==null)

System.out.println("Item not found");
élse

{

g=p.link;
r=q.link; .
p.link=r;
r.prev=p;

}

] -

3

}

class doulinklist -

{

- public static void!ghain(String arg[])fhrbws IOExc_e‘p,tiQfl

e

int x,ch,k; :

list ob=new list();

do . -

{ O
System.out.println("1.CREATE");
System.out.println("2.ADD BIG!");
System.out.printlh("3.INSERT*?,); %
System.out.printIn("4 DELETE"); - -
System.out.println("5.DISPLAY™");
System.out.println("6.EXIT"); -
System.out.printin("ENTER YOUR CHOICE");
DatalnputStream inn=new DatalnputStream(System.in);
ch=Integer.parselnt(inn.readLine());

switch(ch) s

F

g
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{

case 1:

System.out.printIn("Enter Element")
x=lnteger.parselnt(inn.readLine());
ob.create(x);

break;

case 2:

System.out.printin("ENTER ELEMENT");
x=Integer.parseInt(inn.readLine());
ob.addbig(x);

break;
‘case 3:

System.out.printin("ENTER ELEMENT")
x=Integer.parseInt(inn.readLine());
System.out.println("ENTER POSITION")
k=1nteger.parselnt(inn.readLine());
ob.insert(x,k); -

break;

case 41

System.out.printin("ENTER ELEMENT"); ;
x=Integer.parselnt(inn.readLine()); 3
ob.delete(x); ‘ b2
break; '
case 5: :

ob.display();

break;

case 6: ,

System.exit(0);

© . default: :
System.out.printin("Wrong choice");
~ - Ywhile(ch!=6); - :
oy e :

Advantages of Linked Lists

.
b ]

.
?

They are a dynamic in nature which allocates the memory. whé'riwr_equircd_

\

Insertion and deletion ‘operations can Bg_eas_ily implemented. .-

Linked List reduces the access time. -

Disadvantages of Linked Lists

The memory is wasted as pointers require extra memory for storage.
24.
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No element can be accessed randomly; it has to access each node sequentially.

Reverse Traversing is difficult in linked list.

Applications of Linked Lists

Linked lists are used to implement stacks, queues, graphs, etc.

Linked lists let you insert elements at the beginning and end of the list.
In Linked Lists we don’t need to know the size in advance.

Linked list are used to represent & manuplate polynomial expression

Represent very large numbers and operations of the large number such as |
addition,multiplication,division |

Implement the symbol table in compiler construction. ,
|

CIRCULAR LINKED LIST:-

bdddddbddbiitii

~

Gircular Linked List is a variation of Linked list in which the first element points to the
last element and the last element points to the first element. Both Singly Linked List and
Doubly Linked List can be made into a circular linked list. :

=

s Singly Linked List as Circular

:’j A

: In singly linked list, the next pointer of the last node points to the first node.
o _ node 1 | node2 node 3
HEAD ___ 5| 70[102 80 [ 103 _[60 T1o1
101 . .102. w3

Doubly Linked List as Circular

In doubly linked list, the next;f?iljldih:tef"df the ':_la'sjﬂtlhode j)o'ints to the first node and the-
node points to the jrla'st node making the circular in both

previous pointer of the first

directions.
: Left DataRight I
head—]103]70 | 102 [e——]101/80 |103 ——""110260 | 101
ST S 102 . 1031
Stas i gl

As per the above illustration, following are the important points to be considered.

The last link’s next points to the first link of the list in both cases of singly as well
as doubly linked list.
The first link’s previous points to the last of thc; list in case of doubly linked list.

25
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Basic Operations

Following are the important operations supported by a circular list.
insert * Inserts an element at the start of the list.

delete “ Deletes an element from the start of the list.
display “ Displays the list.

Insertion Operation

) . ‘ : : n
Following code demonstrates the insertion operation in a circular linked list based o
+single linked list.

Example

public void insertAtStart(int val)
{
Node nptr = new Node(val,null);
nptr.setLink(start);
if(Start = null)
-v'{
start = nptr;
nptr.setLink(start);
end = start; '
}
~ else
L.
-end.setLink(nptr);
~_start = nptr;
}

size++ ;

b | | _
public void insertAtEnd(int val)
1 SR - Mg O
Node nptr = new Node(val,null); - -
nptr.setLink(start); -~ =
if(start = null)
{
start = nptr; : :
.. nptr.setLink(start); . : L 2.3
endesta Sy
“else. ; SR ‘

{

end.setLink(nptr);
end = nptr;

}

26
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size++ ;

}
public void insertAtPos(int val , int pos)

{

Node nptr = new Node(val,null);

Node ptr = start;

pos=pos-1;

for (inti=1; i <size - 1;i++)

{

if (i == pos)

{
Node tmp = ptr.getLink() ;
ptr.setLink( nptr );
nptr.setLink(tmp);
break;

}

ptr = ptr.getLink();

",
- sizett;
-

}

Deletion Operation

Following code demonstrates the deletion operatlon in a circular linked llSt ‘based on

single linked list.
public void deleteAtPos(int pos)

{
if (size=—1 && pos==1) .

‘
start = null;
end = null;
size=0;"
return ; -

2}

~=if (pos = 1)

A
start = start getLink();
end. sethk(start),
size—;

~ return ;

}

if (pos = size)

{

Node s = start;
Node t = start; -
while (s !=end)
{

t=s;

27




s = s.getLink();

end =t;
end.setLink(start);
size —;
return;
}
Node ptr = start;
pos=pos-1;
for (inti=1;i < size - 1 i+4)
{
if (i == pos)

Node tmp = ptr. getLink();
tmp = tmp. gethk(),

ptr. setLink(tmp);

break;

3
- Ptr=ptr.getLink();

size— ;
} G
Display List Operation

Following code demonstrates the dlsplay list operatlon in a circular lmked list.

public void dxsplay() , 15
€

System.out. prlnt(“\nCIrcuIar Smgly Lmked L1st = “), :
Node ptr= start g

,1f(s1ze 0) |

t %iemﬁt‘y,\n”;i; i

if (stan.getLinié() — start)
{
System out. pnnt(start getData()+ £ >”+ptr getData()+ “\n”)
" - return;
} o
System.out. prmt(start tDat )+ £ >”) .
ptr = start. gethk(), o : i
while (ptr.getLink()’ 1= start)
{ .
System.out.print(ptr. getData()+ “->);
ptr = ptr.getLink();
}

28
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