is the carrier of information.
Data is a set of p

)

that can be used to describe the objective
things.

These symbols can be input into computers ,
identified and processed by the computer
program.
2 . Data structure
A data structure is a data object together
with the relationships among the data
members that compose the object
Data_Structure={D,R}
D is a data object,

R is a limited set of relationships of all
the data members in D.
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2. SRECH i K AE
public static int findMax(int[] a, int n){
ImEaAn TR, EAERHaT
if(n==1){
return a [0];

else{
int temp=findMax(a,n-1);
return temp>a [n-1]?temp:a [n-1];
}
}

int max(int a[],int n)

{ if(n == 1) return a[0];
int m = max(a,n-1);
if(m > a[n-1] )

return m;
else
return a|n-1];




%5, A&l R

void Swapchild ( BinTreeNode * p)
{ if (p==NULL ) return ;
BinTreeNode * temp = p -> left ;

p >left =p -> right ;

p > right = temp;
Swapchild ( p ->left );
Swapchild (p ->right );

HEN R EXIEE
= BTE BEMN
REExEN=EERE
JINRTE, MMRIIE
L IERTENRNERE
ITERBAORIERE, SEMAE BN BRIENRIEN K
BE. RENFYBEATHNEREER,
KO, Qf1 6 5
1) PEMEANRNITRE (3UF)
2) PMENEFERNTHREERE (AKX O XRE, EXREHHEESIRE)
2. x=0y=0;
for(inti=1;i<=n;i++)
for(intj=1;j<=ij++)
for (int k = 1: k <= j; k++)
X = X+y;
SRELH: nx(n+1)x(n+2)/6
f513. intx=91; inty=100;

while(y>0)
{ if(x>100){x -=10; vy--;}
else x++;
}

1100 3K



2.1 Space Complexity
2)example:

e Sequential Search

public static int SequentialSearch(int[ ]a,intXx)
{ inti;

for(i=0; i<a.length &&a[i]!=x; i++) ;

if(i= = a.length) return —1;

return i;

2.1 Space Complexity

Total data space: @

12 bytes : x,1,a[1],0,-1,a.length 'f&,/
each of them cost 2 bytes_

s s WS %iffﬁuwmm

 Recursive code to add a[0:n-1]
public static float Rsum(float| | a, int n)
{if (n>0)
return Rsum(a, n-1) + a[n-1];

return O

}




Recursion stack space:

formal parameters : a (2 byte), n(2 byte)

return address(2 byte)
Depth of recursion: n+1

SRsum (Il) =6 (Il+ 1)

— H=F
Btk & 4R S
2P & 69 AKX VAR &P XA 0 AR
ADT specification of a linear list
AbstractDateType LinearList
{ instances
ordered finite collections of zero or more elements
operations
Create(); Destroy/();
IsEmpty(); Length();
Find(k,x); Search(x);
Delete(k,x); Insert(k,x);
Output(out);

2. Class definition

#l 42 DataStructures
1) — 843

LinkedList RERAR TR

ListNode (AT P=NNES }
LinkedListItr A A AES




1) ListNode class

element next

package DataStructures;
class ListNode
{ ListNode( object theElement)
{ this(theElement, null);
}
ListNode( object theElement, ListNode n)
{ element = theElement;
next = n;
}
object element;
ListNode next;

package DataStructures

public class LinkedListItr

{ LinkedListlItr( ListNode theNode)
{ current = theNode;
}
public boolean isPastEnd( )

{ return current = = null;

}

public object retrieve()

{ return isPastEnd() ? Null : current.element;

}

public void advance()
{ if(!isPastEnd())

current = current.next;

}

ListNode current;




package DataStructures;
public class LinkedList
{ public LinkedList()
{ header = new ListNode(null ) ; }
public boolean isEmpty()
{ return header.next = =null ; }
public void makeEmpty ()
{ header.next = null; }
public LinkedListItr zeroth()
{ return new LinkedListItr( header) ; }
public LinkedListItr first()
{ return new LinkedListItr( header.next) ; }
public LinkedListItr find ( object x )
public void remove( object x )
public LinkedListItr findPrevious( object x)
public void insert( object x, LinkedListItr p )

private ListNode header;

public LinkedListItr find (object x)
{ ListNode itr = header.next;
while (itr != null && litr.element.equals(x) )
itr = itr.next;

return new LinkedListItr(itr);

O(N)

* Insert(x, p)
public void insert( object x, LinkedListItr p)
{ if(p!=null && p.current !=null )

p.current.next = new ListNode( x, p.current.next );

}
O(1)




X6 4k &
firstNode lastNode

left
right

element

Delete(3)
firstNode lastNode

|

P left .right=p .right;

P .right .left=p .left;

ST o RGN E
3.2.6. Cursor implementation of Linked Lists

use array to implement linked list:

— element next
cursorSpace header — 0
element next 1

p—2

g 78 | 5 |

P = p.next p = cursorSpace[p].next

p.data cursorSpace[p].data




class CursorNode
{ CursorNode( object theElement )
{ this(theElement, 0); }
CursorNode( object theElement, int n )
{ element = theElement;
next = n,;

object element;
int next;

public class CursorListltr

{ CursorListItr(int theNode ) { current = theNode; }
public boolean isPastEnd() { return current = = 0; }
public object retrieve( )
{ return isPastEnd() ? null:

CursorList.cursorSpace[ current ].element;
}

public void advance()
{ if(!isPastEnd())
current = CursorList.cursorSpace[ current ].next;

}

int current;

2) Class skeleton for CursorList
public class CursorList
{ private static int alloc()
private static void free( int p)
public CursorList()
{ header = alloc(); cursorSpace[ header ].next = 0; }
public boolean isEmpty()
{ return cursorSpace| header |.next = = 0; }
public void makeEmpty/()
public CursorListltr zeroth()
{ return new CursorListltr( header); }
public CursorListItr first()

{ return new CursorListltr( cursorSpace| header ].next ); }




public CursorListltr find( object x)

public void insert( object x, CursorListltr p)
public void remove( object x )

public CursorListItr findPrevious( object x )

private int header;
static CursorNode [ ] cursorSpace;

private static final int SPACE-SIZE = 100;

static
{ cursorSpace = new CursorNode[ SPACE-SIZE |;
for(int i = 0; i<SPACE-SIZE; i++)
cursorSpace[ i ] = new CursorNode( null, i + 1);
cursorSpace[ SPACE-SIZE-1].next = 0;

}

Some Routines:
 Alloc and free

private static int alloc()

{ int p = cursorSpace| 0 ].next;
cursorSpace|0].next = cursorSpace[p].next;
if(p==0)

throw new OutOfMemoryError();
return p;

}

private static void free(int p)

{ cursorSpace[p].element = null;
cursorSpace|[p].next = cursorSpace[0].next;
cursorSpace[0].next = p;




EQUEwiENIIE

A . A(X)=2X 100 +3X!14 4+2X8 +1

B(X)=-2X100 48X -3X!0 +10X® -X

A(X) + B(X) = 11X - 3X104 2X8 + 10X5— X + 1
ik WA gl AR &

pa, pb, pc, plc++77%)
) ¥JiEtk: pc, pa, pb;
2) Y paflipb&EA T}

pe/kIzs Fi [ A NN 45 SRR 1) B Ja — 48 R
a) fa ZUAH %S ( pa. exp= =pb. exp )
XTI ZREAH NN :  pa. coef=pa. coef + pb. coef ;
p=pb(c++7F %) ; pbHiHE ;
if (REHINZEHN0){ p=pa; paflit; }
else { pc.link=pa; pc=pa; pafijit}
b)fEEAASE pa. exp< pb.exp //pbELAE NG REER
{pc. link=pb ; pc=pb ; pbHj I}
O)FEEUAEE pa. exp> pb.exp //paBiidi N 4E REER
{pc. link=pa ; pc=pa ; pafiit}
3) MM BER A —HER NS, WK 5 —BERBE NG R B HiAT LA
if (pb7%* 1){ pc. link=pa;}

else pc. link=pb;
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Linked List Implementation of Stacks

public class StackLi

{ public StackLi(){ topOfStack = null; }
public boolean isFull( ) { return false; }
public boolean isEmpty/( ) { return topOfStack = = null; }
public void makeEmpty( ) { topOfStack = null; }

public void push( object x)

public object top()

public void pop( ) throws Underflow
public object topAndPop()

private ListNode topOfStack;

Array Implementation of Stacks

public class stackAr
{ public StackAr()
public StackAr( int capacity )

public boolean isEmpty(){ return topOfStack = = -1; }
public boolean isFull(){ return topOfStack = = theArray.length — 1; }
public void makeEmpty(){ topOfStack = -1; }

public void push( object x ) throws overflow
public object top()

public void pop() throws Underflow

public object topAndPop( )

private object [ ] theArray;
private int topOfStack;

static final int DEFAULT_CAPACITY = 10;




H RFIEPI T (Eek, #FTER. K&Kt H)

#include <iostream.h>
#include <string.h>
#include <stdio.h>
#include “stack.h”
const int Maxlength = 100; // max expression length
void PrintMatchedPairs(char *expr)
{ Stack<int> s(Maxlength);
int j, length = strlen(expr);
for (inti=1;i<=length; i++)
{ if (expr[i-1]=="(°) s.Add(1);
else if (expr[i-1]==°)")
try {s.Delete(j); cout <<j<<‘‘ <<i<<endl;}
catch (OutOfBounds)
{cout << “No match for right parenthesis’
<< “at “<<i<<endl;}

b

}
while ( !s.IsEmpty ()
{ s.Delete(j);
cout<< “No match for left parenthesis at “
<< j << endl;

3}




3.4 . The Queue ADT

A queue is a linear list in which additions and deletions
take place at different ends.

It is also called a first-in-first-out list.
The end at which new elements are added is called the rear.

The end from which old elements are deleted is called the
front.

AbstractDataType Queue
{

instances

ordered list of elements;one end is called the front; the other is the rear;
operations

Create(): Create an empty queue;

IsEmpty(): Return true if queue is empty,return false otherwise;

IsFull(): return true if queue is full, return false otherwise;

First(): return first element of the queue;

Last(): return last element of the queue;

Add(x): add element x to the queue;

Delete(x): delete front element from the queue and put it in x;

ME=R (FARE=A)



