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Pata Structure:

Adata structure is specialized format for organizing and

storing data. .coL - %, (_Jw Aols Ao B CLL LD

General data structur types include the array ,thefile, the tree,

and SO ON .......31. 5 el il et (i CLLI

Any data structure is designed to organize data to suit
aspecific purpose so that it can be accessed and
worked with in appropriate ways.

Al 0 b el L dio )l Ls Gt a8 2 e bl CLL LD e

In computer programming ,adat astructure may be
selected or designed to store data for the purpose of
working on it with various algorithms.

Sl N s el e el vo 3 CULL o sl Chlrac L) L Spndiay o 3
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* s 8l Sad (59 y20 cadlpld o i @B esax

@Oiﬂtef L i

- Address of avariable in memory : /i 3 oo o

- Allows us to indirectly access variable .o L i gl w

*In other word, we can talk about its address
rather than value.

Sl lsl) an b Sl V) ol 5 S0 3 _pscdi UL;JC++ A il ¢ b
o Sl A dlioy) Sl Jlnia o S 5 Nl Lolo ) peasi 2
KR (I V]
- The pointer is define befor use in program .
Array:

- A list of value arranged sequentially in memory.

@can;p/e: alist of telephon numbers a[4] refers of the 4th

elements of array a.

I Team
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Address and value:

1-some time we want to deal with the address of memory
location, rather than the value it contain .

hode i F DAL L Vo 5 I G ol o Lol gliS S v

Zx:R1is pointer it contains address of -first location- data
we are interestedin .

R1 Value Address

X3100 '\x3107 X 3100

>
X 2819 X 3101

X 0110 X 3102

2-consider the following function that is supposed to swap

the values of its arguments. A e Jo

Void swap(int firstval , int secval)

l Team

{Int temp val =firstval; zerone

firstval =secval;

secval=tempval;}

Befor call Temp val —
4 First val _
swap { swap Firstval L These value chang

after call

3 Sec val Sec val

. 3 |A . A L
main main — But these didn’t

4 |B B s

Swap needs addresses of variables out side its activation record




Let us talk about maippulate pointer as veriable and in expressions:

@xint*p; //*pis pointer to an int
of ot i s Ao it JGINT g0 o it 2P 2t o Ao
:y\:,‘*%duwgyﬁylgggfu;
Float *X, double*y ,char*z,
char, float..oo 50 (o o U nio

Int*x,y;

Int *x ,*Y; Lo il ans octhel L) Gowss

-

o Jc/Z;;-JJ/ % wu.’:ol/_ﬁ;;- glvco/ll.cyl,d.cl._‘zl,/;&_

Operatorsn:

*Pt return the value pointed to by paLic i ls dra s o

& Z:return the oddress of variable z

(O es CD/:’)L’/,“':"MUIJ“"JIZU/"JJ"*:“:"
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@int y=5;

int * temp,

temp=4&y;

cout<<temp; //314 sy
cout<<* temp; //5 4l y
@x: int a=7; int*address;
cout <<&a; [/oxff4  lsea
cout<<address; /[/oxff4 _scQ
cout<<a; /]7  4ada
cout<<*address; [/7 ia83
cout<<&*address; /[/oxff4

Cout<<*&address; [/oxff4

address=&a;

Int o unfloat il Olpe eSS U L 5 i e 0dD Ol f L3 G s g ol

*passing apointer into afunction allows the function to

read chsnge memory out side its activation record.

@.‘ void swap(int*first,int*sec)
{int temp =*first;

*first= *sec;

*sec=temp;}

int*sec: arguments are integer pointers
caller posses addresses of variable that it
want function to change

Lo leall (Gt 3 pall il (sl 5
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@x: char word Elo];
char*cptr;
Cptr=word; // *points to word Eo]

Cptr=cptr+1; //can change the content of cptr

*(cptr+3)=13; //word[4]=13

char 302 pa 301 CPLr ciie ol st

s/nw&%;gmﬁ;uw_%oséﬁgllﬁﬁint o)

Cptr Word &word[0]

Cptr+n Word+n &word[n]

Casldi el alo akin L A._go;...,(,ep;u sl NEW (LlJI eas

P-var=new type Team

ZerChne

P-var: 5 .4 asldialc - % as e

New type: type s - it o5l fued




Sactor delete:

5 S dfkp(,:ﬁ.ﬂnew mwgﬁﬂl&ébwlwﬁﬂlﬁpﬁljl

delete (Linew oldasl o el dadl o bl iy 5 51,1

Char*str="It is the best";
Int len=strlen (str);

Char*ptr;

Ptr=new char [len+1]; | &= e

Strepy (ptf,str);

Cout<<"ptr="<<ptr; //Itisthe best

Delete []ptr; L LI i s S A il e




Classes:

IS Jatlad 55 abut o LIS ~ CLa o0 CHt al a0 gLl -l
bo ke bely S s Liki 00 W gl 3 Al SO o 00 0l Lisd
A Cleol o o if sy CLEWN 02D L snly Cliol ko LAy,

Al Class e L 120 o1 CLADN o adt 215 L5 Aioy Lot aiad

Class | | class-neme | [{
Private il
(r"“
data members _ e
Public:
Members function

¥

data member: isly cloac)

body class

A | ket Lol U 00 D1 L Bl 1AL B e LSS

CLL o 5 o e ol ot s Lo keI is BSILL

int stack[size]/int x/char y/ flout z

Metmibes function : 4 sac! zerd)ne

L) a i CLELDN e Sl o o) LSV o D

Void push(inti) /int pop() /void print()




Public: gLl dobs oll ol oo L dpo L
Private: publicdst, aJid claeur o £ LI Jyo 1 Ls

INT s o il oy bt o A s Jleaals CLALD £ -~

rd
rd

sl CL) ille LS S &I)JIJ/IV:..I.,L’.,(,:J CLELD ot eljs e

Ll
stack L1; < classstack J ob U ooy
(-*1 doles arkes LD 2 gl s Sl s

et (o A 0 LS AL Sl ol sl i) JUe o SLELDN o Jelid) -

L1.print(); (.) Akl i 2o s I s DY




#include <iostream.h>

template <class T, const int MAX_ITEMS>
class UnsortedList
{
public:
UnsortedList () ;
int IsFull () const;
int Lengthls () const ;
void Retrieveltem (T& item, int& found );
void Insertltem (T item );
void Deleteltem (T item);
void ResetList () ;
void printList () const;
T GetNextltem () ;

private:

int length;

T info[ MAX_ITEMS] ;
int currentPos;

}s

template <class T, const int MAX_ITEMS>
UnsortedList<T, MAX_ITEMS>::UnsortedList ()
{length = 0; ResetList () }

template <class T, const int MAX_ITEMS>
int UnsortedList<T, MAX_ITEMS>::IsFull () const
{return (length == MAX_ITEMS) ;}

template <class T, const int MAX_ITEMS>
int UnsortedList<T, MAX_ITEMS>::Lengthls () const
{return length ; }

template <class T, const int MAX_ITEMS>
void UnsortedList<T, MAX_ITEMS>::Insertltem (T item)
{if(MIsFull())
info[length++]=item ; }

template <class T, const int MAX_ITEMS>
void UnsortedList<T, MAX_ITEMS>::ResetList ()
{ currentPos =-1; }

template <class T, const int MAX_ITEMS>
T UnsortedList<T, MAX_ITEMS>::GetNextltem ()
{return info[++currentPos] ; }

template <class T, const int MAX_ITEMS>
void UnsortedList<T, MAX_ITEMS>::Retrieveltem (T& item, int& found)
{found = 0; //false
for (int location = 0;location < length;location+ +)
if (item == info[location] )
found =1; /litrue
}
template <class T, const int MAX_ITEMS>
void UnsortedList<T, MAX_ITEMS>::Deleteltem (T item )
{
for (int location = 0; item !=info[location];location+ +) ;
info[location] = info[--length;]|

}

template <class T, const int MAX_ITEMS>
void UnsortedList<T, MAX_ITEMS>::printList () const




{

for (int location = 0;location < length;location+ +)
cout << info[location]<< “ “;

cout << endl;

}

void main()

{
UnsortedList <int,10>L1;

L1.Insertitem(10) ; 10

L1.Insertltem(70) ; 10 70

L1.Insertltem(30) ; 10 70 30

L1.Insertltem(90) ; 110 70 30 90 |

L1.Insertltem(50) ; 110 | 70 | 30 90 | 50

L1.printList () ; // 10
70 30 90 50
cout << L1.GetNextltem () <<" " ; /110
cout << L1.GetNextltem ()<< " " 1170
cout << L1.GetNextltem() << " " ; /130
cout << L1.GetNextltem ()<< " " ; /190
cout << L1.GetNextltem() <<\"n " ; /1 50

UnsortedList <char,5>L2; 0

L2.Insertltem(‘'a') ;

L2.Insertltem('b') ; a b

L2.Insertltem(c') ; ‘a'b c| |

L2.Insertltem('d ') ; ‘a blc d|

L2.Insertltem(‘e'); 'a b c dle

L2.printList() ; /fa b c d e




1~ {Unsorted [ist "Array Implementation~

Array:some member have the some type

Int [Ix= new int [6] INt sL: 6 Cugfs/ﬂﬂlggou:)»(;ﬁlrzﬂ_'ubw

- Fixed size c_t e
-ldentical s i o ol of

- Sequential ;1 e e Vs J WL 85 0, ol

4.\5\...4\ u\.n
* Every array have plus data it is what is know such as

"head" it is the address first element in array
* we use head to making easy to access the element in
array

el ole Jpo ) Lde o o head (s

1 2 3 4 5

int int int int int int int

int size = 32 bit 32:6 = 5,081 ol

C= 32 bit=4byte
X[0]=1000bit o) sie of i sl )
Asi) gy ) 2B int 3 X[1]=1032 O

M: - X[2]=1064
"100+i*3 i giamal) 3 jeaic 5f o) sie B jna (S 08 03 S (e




| AP P PN -~ Skl of L pled O 3 5 s

_ _ ("
AL CU o & s D B, e iloe liST U 2l x listaz, o

o

-template < class T ,const int MAX-ITEMS>
i s N s o LALL Con o listJ o.otemplat crace ¥

doulde list,char list,int list

template <classT, const int MAX-ITEMS>
unsorted list<T,MSX-ITEMS> ::unsorted list()
{length=0;Reset list() ,

o0 ¢ s IREset list cecuts 1) Job ias o ovnew list o e

6o Clhes 3 abias g2 CUTENTPOS il alicol anielhsl 3

template<classT, const int MAX-ITEMS>
-void unsortedlist <T,MAX-ITEMS> :: Reset list()
{current pos=-1;}

Void =2 not return value

sl ted oV =y void e

T, int, char,.... = return value

template<classT,const int Max-ITEMS>
T unsortedlist< T,MAX-ITEMS>::Get next item()
{return info[++curreutpos];}

ot Jlist L s anan s A =~ avfunctiond o o 3T preca

©O/JJ/L’;/A$ML:}$(M

-




template<class T,coust int MAX-ITEMS>

-void unsorted list<T, MAX-ITEMS>::insert item(T item)
{if(! is full()) v s list dreau i oy i L5 e

info [length++]=item,} AL Bl Bloy) 13wsiS FUll L ele el el

A Bl Uiy o sebagslength s o aial oke o % 350
0 1 Max-1

) . e full O

Al @Length=0 7\ ? 7\ length=max
template <classT, const int MAX-ITEMS>
void unsorted list<T, MAX-ITEMS>:: retrieve item(T& item,int&found)
{Found=0
For(int loc=0, loc<length,loc++)
If(item==info[loc])
Found=1 ,}

el ,,%.:;HUHO);,«?;olfOund /’\LJI&(l) a...:jo//wv_cwllej_; L_cs

ol e JedU fud o bzl ol o Je Oasirasfound b

vt Slength ad g ot d 21 o 520 isfor avs gus ey s

found e Jow Sy of Los S 1Al & ol el
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template<classT,const int MAX-ITEMS>

-void unsorted list<T,MAX-ITEMS>::delete item(T item)
{For (int loc=0, item!= info[loc/,loc ++);

info ,[loc]=info[--length],

as Jit o foforals Jygwaﬁwléuwlfglist — e R Dl s

Sle s D dyaﬁgl;@;(,:fyfor ALs J il Eou abe I _asl s ol

Ll Sass sl Ve S Macd e Dadie ) ael) Jeo Il cs. ol
CR A = ~

list J J.b

2 3 4
0367 810

10 <« L@-MJ-‘-‘-“‘\ (’3.-3 3 8da i ! ! Length =6

1 2 3 4 5 6
010 6 7 8f

Length =5

-void unsorted list <T,MAX-ITEMS>: :print list()
{For(int loc=0,loc<length, loc++)
cout<<info[loc],}

.;,;;u,for s~ ol @J?ulc/)/_ﬂ(,::z/ol;sﬁ aclb e
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#include <iostream.h>

template <class T, const int MAX_ITEMS=100>
class SortedList
{
public:
SortedList () ;
int IsFull () const
int Lengthls () const ;
void Retrieveltem (T& item, int& found) ;
void Insertltem(T item) ;
void Deleteltem(T item) ;
void ResetList () ;
void printList () const;
T GetNextltem () ;
private:
int length ;
T info[MAX_ITEMS] ;
int currentPos ;
/*;***********************************************/
template <class T, const int MAX_ITEMS>
SortedList<T, MAX_ITEMS>::SortedList ()
{length = O;ResetList () ; }

template <class T, const int MAX_ITEMS>
int SortedList<T, MAX_ITEMS>::IsFull () const
{return (length == MAX_ITEMS) ;}

template <class T, const int MAX_ITEMS>
int SortedList<T, MAX_ITEMS>::Lengthls () const
{return length ; }

template <class T, const int MAX_ITEMS>
void SortedList<T, MAX_ITEMS>::ResetList ()
{ currentPos =-1;}

template <class T, const int MAX_ITEMS>
T SortedList<T, MAX_ITEMS>::GetNextltem ()
{return info[++currentPos] ;}

template <class T, const int MAX_ITEMS>
void SortedList<T, MAX_ITEMS>::Retrieveltem(T& item, int& found)

found = 0;// false
for (int location = O;location < length;location++)
if (item == info[location] )
found = 1;//ltrue

}

template <class T, const int MAX_ITEMS>
void SortedList<T, MAX_ITEMS>::printList () const
{
for (int location = O;location < length;location++)
cout << info[location]<< " " ;
cout << endl;

}




template <class T, const int MAX_ITEMS>
void SortedList<T, MAX_ITEMS>::Insertltem(T item)

{

if(IsFull ())
return;

for (int i=0; i<length; i++)
if (info[i]>item)

for (int j=length;j>i;j--)
info[j]=infol[j-1] ;
break;
}
info[i]=item;
length++;

}

template <class T, const int MAX_ITEMS>
void SortedList<T, MAX_ITEMS>::Deleteltem(T item)
{
int location;
for (location = 0; item !=info[location];location++) ;
for (int i=location; i<length; i++)
info[i]=info[i+1] ;
--length;
}

/*************************************************l

void main ()

{
SortedList <int,10>L1;

L1.Insertitem(10); 10 |

L1l.Insertltem(70) ; 10 70

10 30 70

L1.Insertltem(30);

L1.Insertitem(90); 110 130 70 | 90 |
L1.Insertltem(50); 10 30 50 70 90

L1.Deleteltem(30); 10 30 30 50 70 90

L1.printList () ;

cout << L1.GetNextltem () <<" " ;
cout << L1.GetNextltem() << " " ;
cout << L1.GetNextltem() << " " ;
cout << L1.GetNextltem() << "\n";

SortedList <char>L2;
L2.Insertltem('a’) ;

L2.Insertltem('c") ;

L2.Insertltem('e") ;

L2.Insertltem('d’) ;
L2.Insertltem('b’) ;

L2.printList () 5}




2~So¥\tec[ list

O ALY 3 e £ oL Junsorted list < sorted list . il v

-template <clyssT,const int MAX-ITEMS>

int sorted list I, MAX-ITEMS> ::Insert Item(T item)
{]f(]SfI/lll()) list d 01404 (,_,ZJI o bl At o o le
return(;

for (int i=0; i<length,i++)——
if (info [i]>item)

{for (int j= length ,j>1i,j-) el paiell Lo
infofj]=info[j-1] ; ol il i i

break ;

/

info [i]=item ,

dJI/pLJJIJICD/wLpI,IJJIW/J/AJ,@JI)

break ).D.J q.J...JJ/fOI‘ al”® A~ &/) D,«plj als L_u.u

length++;
return }

o Aol o g BlSYI s
Jas ol U item L SLal o) I and) C.|iSt { ol Z\.‘,L?«.,(,ZJ&.}Lbyl,«;.c

el ol @l ITt@M o S ol a0l )

0
3

10| 12| 13|15 4>|| TRC P @

100“;7 JLD) (ﬂ o,«p) ﬂ.zlp

10 5 o H/J.Jlu J.,l“.7 sl s




-template<classT,const int MAX-ITEMS>

void sorted list<T,MAX-ITEMS>::delete(T item)
{For(int i=0; item !=info[i];i++); <—— -~ ol s s
For(int y=i; y<length ; y++)

infoly/=info[y+1];

--length,

(Saforal®) aie o sl o ~ S s

(aothifor al?) o swl &b _awl o s b0l olai a.pn/'l(,:;(,o

3 5}%6%@%@
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Some applications on a

S L e ol SE ol

1-reverse array

cQrray Ji e Sleos b

Xs E | e ¢ t Havethisarray \Write aprogram to
reverse elements

\t\c E\I e\s

Sl Al Sl L Adialdl 3 aas Al o A

int size=6;

Char[ ]Jx= new char [size]
X[ ]=select;

char [ ]y= new char [size]
int j=0

for (int i=size-1; i>= 0; i--)
y [i++] =x[i];

s,

X‘t‘c‘E I‘e s‘

2-swapping variables

0 12 34 5 -
e lec s

Char temp ;
temp= x[0];
x[0]=x[5];

x[5]=temp;

l Team
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3-reverse array in place

A LI SWAP ois adee o 5 Le 2 ol s (3 ol e
i i 1\2 size = . i Clbes e

se lect

ol Slbee 3 uz el

for (int i=0, j =size-1 ;i<(size/2) ;i++,j--)
{char temp =x[i];
x[j]=temp;}

4-sorting array

0 12 345
86 9 4 25 A5 b Lol g obadl 5 S

Bl e fo ol o iy Il il Sobo LA ol e il an by i

5 ol D s Bl i
Min =/%/2 Min a8 aaliy s e J )
8 a""sSWap" i dani SMIN=2 4l O5S5 pealiall DS o ) all 2ay
int min=x[0]; int i,j, temp ,k
for (i=0;i<size ;i++) «—— s=ball e o5
{for(j=0; j<size ; j++)c—— =l 2k
if (x[j] <min)
{min=x[j] ;k=j;}
Team

o s ZerChne

X[k[= temp;}




#include <iostream>

using namespace std;

template <class T, const int MAX_ITEMS=100>
class Stack

{ public:

Stack() ;
intisFull() const;
int isEmpty() const;
int lengthls() const;

void push(T item) ;
~ Tpop0 ;
private:
int length;

T info[MAX_ITEMS] ; }
/*************************************************/
template <class T, const int MAX_ITEMS>

Stack<T, MAX_ITEMS>::Stack()

{length = 0;}

template <class T, const int MAX_ITEMS>
int Stack<T, MAX_ITEMS>::isFull() const
{return (length == MAX_ITEMS) ; }

template <class T, const int MAX_ITEMS>
int Stack<T, MAX_ITEMS>::isEmpty() const
{return (length == 0);}

template <class T, const int MAX_ITEMS>
int Stack<T, MAX_ITEMS>::lengthls()const
{return length; }

template <class T, const int MAX_ITEMS>
void Stack<T, MAX_ITEMS>::push(T item)
{ if(1isFull(O
info[length++]=item;

template <class T, const int MAX_ITEMS>
T Stack<T, MAX_ITEMS>::pop()
{ if( isEmpty(Q
return info[--length] ;
return O;

}

/*************************************************/

int main()

{ Stack <int,4>L1; 40

L1.push(10);
L1.push(20): 30

L1.push(30); 20
L1.push(40);

cout << Ll.pop() <<"" ; M0 10

cout<<Ll.pop(<<"" ; N30
cout << Ll.pop() <<"" ; \20
cout << L1.pop(<< "\n" ; \\10

Stack <char>L2;
L2.push('a’);

L2.push('b");

L2.push('c");
L2.push('d");

L2.push(‘e");
cout << L2.pop() << " "

cout << L2.pop() << " " ;
cout << L2.pop() << """,

cout << L2.pop() << "\n";




3~ Stack " {Using AMY "
_A stack is an example \‘ data structure

. A method of organising data
. Defined structure and operatign

_Stack typically used for temporary s
_Analogous to stack of paper or a stack\or a stack of cards

. push : place cards on the top of the stack
. pop : remove cards from the top of the\stack
. LIFO : last in is the first out

compare with FIFO : first in first out

Jodl i g Fs oy b o Jo 0 SLL O il SLL o 5 AT v_as,L,;,aD

2 4 6 8 10 3 s 2 5o Liey 1y et N
““SQC 1,8,64442 list
i Al 6 a4 82U stac

10 8 6 4 2

e el 0 andl aie Jo s Uil g 5 Tast U s ai gt ¥ LIFO” ¢y o ot o2
Ilpushll - N d&d\* IIPOPII - N . *

S ae el O 00 LiSw

e ol TOP 42iall &) "ToP" saie Lot 8 (e 28 jadd "maia 230" A8 ghiaall hge Izl

A gadl A eVl paill ) i aeadig (Kl Nt e s Wil
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puch
Last in put first out put

lede doaill (S Y

]
Lastout putl______Jfirstin put

. An area of memory to store the data items
. A stack pointer register to point to the top of the stack
. Some well defined operations : initialize ,push ,pop

. decrement the stack pointer by|4 bytd (1 word = 32 bits = 4 byte )
. store the word in memory at the location pointed to by
the stack pointer

isimpty, isFull ¢ £o, &odi, asew o (e s .sstack LS Y5l

ab Stack J g S i) xie

_stack () { Length=10;} J skl 2610 dad sUac

_int isFull () const Y 2 Sl 8 $7GCKD) S o) 2l
{return (length == MAX — ITEMS); } 1,y s co i tin; 230 0,00 2 i,
_intisEmpty( ) const (length= 0) ius o5 Losic de s

{return (length == 0),} O BVl e ol O sle o
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—V.Oldp”Sh (T item) oo sl by L) 5 S7aCk ) aic Bl sic -
{if (! IsFull()) | w5 3 G U] 558 ) 83507 Y o) s S 13)
Info [length ++] = item, } J sl 5205 e sl 4 ghmn I ALaYIS 2Ly

_T'pop () :

{if( [S.Empty ) ol a giia o5 Al Al aa i o5 IS Empty
return info [--length];

A i CulS 130 g ga o) a3a)) Ji 7 Skl
return 0; }

logic error gewe JLi 2o v _sbls 4 J g StACKd ol dubesy L3 J_
Al a b Sy B0 el D

by sy T Sy ISFUIl Ganiy 2

gy F s
ai b Stacky Ooo aden L ) s
Ow T g@,isEmptyu@,
it dot o2 B e
Void main ()

{stack < int 4> L1 ; 4l e intles o F

Stack < int> L2 ;
el dcclbmax s st el l,,.»ﬁﬁ(,gg,éaint Ley s
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#include<iostream.h>
#include<conio.h>
class Stack
{private:
char s[100] ;
int depth;
public:
Stack){ () depth=0; }
void push (char x)
{ s[depth++]=x;}

char pop()
{ if(depth<0)
depth=0;
if(depth>=1)
return s[--depth];
else
return O; }

int ISsEmpty() const { return (depth==0) ;}
char head() {
if(depth>0)
return s[depth-1];
else
return O;

}oB

void main () {
Stack stack;
char *infix;
char expression[50];
cin>>expression;
infix=expression;
while(*infix!=0) {
switch(*infix) {
case:'+'
if(stack.head() '= 0)
while(!stack.IsEmpty() )
cout<<stack.pop() ;
stack.push;('+")
break;
case:'-'
if(stack.head() '= 0)
while(!stack.IsEmpty() )
cout<<stack.pop () ;
stack.push;('-")




break;
case:'*'
if(stack.head()=="*'||stack.head() =="/")
while(!stack.IsEmpty () )
cout<<stack.pop () ;
stack.push;('*")
break;
case:'/'
if(stack.head()=="*'||stack.head() =="/")
while(!stack.IsEmpty () )
cout<<stack.pop () ;
stack.push('/") ;
break;
default:
cout<<(*infix) ;
} /I end of switch
* (infix++) ;
} /I end of while

while(!stack.IsEmpty () )
cout<<stack.pop () ;

getch () ;
return;




4~ Stack Application : .
Operator precedence  cislsy) Zerd)ne

(Priority Operator Example

() (a+b)/c parenthesis

! ~ 444 — = * & a=&b plus/minus/NOT/compliment
sizeof increment/decrement /sizeof
* % a%b multiply/divide/modulus
a+b add/subtract

a=b>>c shift left or right
a>=b greater/less/equal than
a=b&c bitwise AND

a=blc bitwise OR

a=bAc bitwise

a&&b logical AND

allb logical OR

a=b assignment
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(Expression evaluation infix to postfix:
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#include <iostream>
using namespace std;
template <class T>
class Queue { public:
Queue(int max=100);
~Queue() {delete [] items; }
int isEmpty( ) const { return (rear == front); }
int isFull () const { return ((rear +1) == maxQue); } //r+1=max
void makeEmpty() {front=rear=-1;}
void printAll () const;
int enQueue(T newltem);
int deQueue(T& item);
private:
int front, rear;
T* items;
int maxQue; };
/*****************************************************************************/
template <class T>
Queue<T>::Queue(int max){
maxQue = max ;
front =rear=-1;
items = new T[maxQue];}

template <class T>
int Queue<T>::enQueue(T newltem)
// If (queue is not full) newltem is at the rear of the queue
{if (isFull())
return 0;
rear++;
items[rear] = newltem;
return 1;}
template <class T>
int Queue<T>::deQueue(T& item)
// If (queue is not empty) the front of the queue has been removed and returned
{ if (isEmpty())
return O;
front++;
item = items[front];
return 1;}
template <class T>
void Queue<T>::printAll( ) const
{fro(int i=front+1; i<=rear; i++)
cout<<iteaml[il<< “ “;
cout<<endle;}
/*****************************************************************************/
int main(){
Queue <int> line(3); int x;
line.enQueue(10); f=0, r=-1
line.enQueue(20); f=1,r=-1
line.deQueue(x); f=1 r=0 x=10
line.enQueue(30); f=2 r=0
line.enQueue(40); f=0 r=0

line.deQueue(x); cout << x << " "; \\20
line.deQueue(x); cout << x<<"";\\ 30
line.deQueue(x); cout << x<<""; A\ 40




5~ [inear Queue
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template <class T> Cne e oelhie) a3 Y i (S el vie

) ..L " uac\ - 13l 13 L] s 13

Queue<T>::Queue(int max){ === =evebl oSt

_ . Bl iR A *700% dua il Al

maxQue = max , sl | maxQue el

il /- Aad rear sfront
items = new T[maxQuej;} 1 01 2 34 ..maxue

rear
frontl | | | | | | S g

front = rear = -1;

template <class T>

int Queue<I>::enQueue(T newltem)  vc ) dilia) b las (S el aay

/1 If (queue is not full) newltem is at the rear of the queue Y al Aliae CilS () 48 jra (pe 2 Y 4dlizaY)

{ if (isFull() sSIsfull o)l
return 0; 20 S5 Al ) 5 Ailias il o 4ad ga
rear+-—+; Leitlial o) yall dasdll oy 330 5 sl g ey 4ad

items[rear| = newltem, ks Al e 4l Jad 7 4a e

. rear
return 1)} 1 0 1 2 3 4. maxue

2 falial J5) 2y JSE)

template <class T>

; : lalas) Cada U i g pualiell diLial axy
int Queue<T>::deQueue(T& item) , = "= == 27727 =
// If (queue is not empty) the front of the queue has been removed and returned = W Jsl By puaic .Jj‘ ) O u =
{ 1if (isEmpty()) Y ol de b culS O A8 e (e 4 Y adall e
return 0, sSISEmpty il

front++; CSSal Ol 5 ae Jld il o 0 4ad aa
’ adll Caday 5 sl s frONTE 4ad 3
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item = items/[front];

return ],} front rear

-1 01 2 3 4 ... maxQue
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template <class T>

void Queue<T>::printAll( ) const

{fro(int i=front+1,; i<=rear, i++)
cout<<iteam[i]<< “
cout<<endle,}

In class :

template <class T>
int Queue<T>::deQueue(T& item)

Llsd Y fromfadl) i s O] e ol delibal)
i quened S paic JN¥ i
quened) G raic A1 i 4l reqrie
ity front+ 1 vie e las for s JA Ga
b coutass» queued e rear xe

// If (queue is not empty) the front of the queue has been removed and returned

{ if (isEmpty())
return 0;

front++;

item = items/[front];

return item,}

In main :

lea P& (e Ladd 2l uaic 4cbids (Sa
) aLc\)AcA“ ).sa.ud\ uhc_ﬁbé.\h‘tc\_tk
0,1 o5 Aaidll a5y dad) 2 S () S

Cout<<deQueue(); LgieLda 23 Ll i) jualinll paes Cada 0y 4 AT 4l Dl Lia i 1315
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#include <iostream>
using namespace std;
template <class T>
class Queue { public:
Queue(int max=100);
~Queue() { delete [] items; }
int isEmpty() const { return (rear == front); }
int isFull () const { return ((rear +1) % maxQue == front); } //r+1=max
void makeEmpty() {front =rear = maxQue - 1;} //f=r=-1;
int enQueue(T newltem);
int deQueue(T& item);
private:
int front, rear;
T* items;
int maxQue; };
/*****************************************************************************/
template <class T>
Queue<T>::Queue(int max){

maxQue = max+1 ; e T S) pSLal) dad ot saaa quenue— s v
front = rear = maxQue-1; // -1 -

items = new T[maxQue];} OSWl dad gl - ‘uﬁfl/' dad s Lall anall

template <class T>
int Queue<T>::enQueue(T newltem)
// If (queue is not full) newltem is at the rear of the queue
if (isFull . . .
tif (isFull() W5 Y ol diliae CulS Gl and 2 AiLRY) die

return O;
rear = (rear +1) % maxQue; // rear++; dadll (3A eLJ)d ijsfrant e JlEn)
items[rear] = newltem;
return 1;}
template <class T>
int Queue<T>::deQueue(T& item)

// If (queue is not empty) the front of the queue has been removed and returned

{if (isEmpty()) returnO;

front = (front + 1) % maxQue; // front++;
item = items[front]; daal) Cads g ehf)d s shArear s Jan)

return 1;}
/*****************************************************************************/

SY o) A e culS ol jasd L Cidal) die

int main(){

Queue <int> line(3); int x;

line.enQueue(10); f=0, r=3

line.enQueue(20); f=1,r=3

line.deQueue(x); f=1 r=0 x=10 x _saiall 8 48 g3l dasll o 535 24

line.enQueue(30); f=2 r=0

line.enQueue(40); f=0 r=0

line.deQueue(x); cout << x << " "; \\20 y
line.deQueue(x); cout << x << " ";\\ 30

line.deQueue(x); cout << x<<""; N\ 40




#include <iostream> G@
using namespace std; Ca@ Qfe)gk
template <class T> []a(a @la
class Queue { public: 6[4)
Queue(int max=100); P
~Queue() { delete [] items; } 9,6[@
int isEmpty() const { return (count == 0); } // rear == front 6[@
int isFull () const { return coun == maxQuaue); }
void makeEmpty() {front=rear=-1;} //not neaded
void printAll () const ;
int enQueue(T newltem);
int deQueue(T& item);
private:
int front, rear, count;
T* items;
int maxQue; };
/*****************************************************************************/
template <class T>
Queue<T>::Queue(int max){
maxQue = max ;
front =rear=-1
items = new T[maxQue];
count=0}

template <class T>
int Queue<T>::enQueue(T newltem)
// If (queue is not full) newltem is at the rear of the queue
{if (isFull())
return O;

rear = (rear +1) % maxQue; // rear++;
items[rear] = newltem;
count++;
return 1;}
template <class T>
int Queue<T>::deQueue(T& item)
// If (queue is not empty) the front of the queue has been removed and returned
{if (isEmpty()) returnO;
front = (front + 1) % maxQue; // front++;
item = items[front];
count--;
return 1;}
template <class T>
void Queue<T>::printAll ( )const
for (inti=o ; i<count ; i++)

cout<<<iteam [( i+front+1 ) %maxQue] << “ “;
cout<<endle;}

/*****************************************************************************/




int main(){

Queue <int> line(3); int x;
line.enQueue(10); f=0, r=3
line.enQueue(20); f=1, r=3
line.deQueue(x); f=1 r=0 x=10
line.enQueue(30); f=2 r=0
line.enQueue(40); f=0 r=0

line.deQueue(x); cout << x << " "; \\20
line.deQueue(x); cout << x << " ";\\ 30
line.deQueue(x); cout << x << ""; N\ 40




6~Ci¥\cu[ar queue

front ==rear - empty
or front ==rear ==-1 - empty

rear +1) % Max queue == front - full
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Sotme example (stack..

/-write the output
void main(){
Stack <int> G;
. Push (3);
. Push (10);
. Push (7);
. Enqueue (32);
. Enqueue (G. Pop());
. Push(u.dequeue());}

rear
front i/ rear

-1 0 1 2
3|7

U

2-in unsorted list. . Write program to remove item.
(x index item to be deleted)

listur 3 as 2L asd andh Jzr e Joo unsorted list o aw oo e S

Do/ :infolil=info[--length];

4-on which principle does stack \Azg l Team
rOne
o/ : LIFO/FILO

A-Queue follows the order

S/ - FIFO... LILO




Q’ You have a circular queue the max number of element have added 9 times

and twice been deleted

what is the value of rear and front?
S alayif=7. R=0 il LaYf=7. R=5

Al BleaYif=7. R=1 il 38LYI=7. R=6

208 BBy f=7. R=2 Al dlaY=7,  R=7

) ALyl o5 Y
day ) dalmYif=7. R=3 Zanldl) ALaYIf=7. R=7 full &Y

iwdd) BL=YIf=7. R=4

s Js f=0. R=7. Cada JB|F=1. R=7 el @l sl

7-Write programme to find the minimum number in a
templated static stack.

const

59/ - void stack <t, max - item> :: Max () const

{int min = info [0];

for(inti=1;i<length ; i++)
) . . Team
if( info [i] <min) Zer¢ne

min=info [i] m;

cout << "min=" << min;}




J-write the output, user input are as folowing
9 13 7 48 -4 73 50 80 12

Int main( ){
Queue<int>Q;
Int i=2;
While(i>0){
Cin>>i;
If (i%2!=0)
Q.Enqueue(i);
Cin>>i;
}
Q.Print_All();}

59[’ The outputis: 9 7 1

method is used to remove element from a stack .




#include <iostream.h>

template <class T>
class node
{
public:

node(T d=0, node* n=NULL)
{data=d; next=n;}

node* next;

T data};

template <class T>

class LinkList

{

public:

LinkList}  (head=new node<T>(0);}

int isEmpty () const {return (head->data == 0);}
int addltem (T item);
int delltem (T item);

private:
node <T>*head;

h

/*************************************************/

template <class T>
int LinkList<T>::addltem (T item)
{

Try{
node<T>* newltem = new node<T> (item);

for (hode<T>* i=head->next; i I= NULL; i=i->next);
i->next=newltem;

(head->data++);

return 1;

}
catch(...)

{

return O;

}
}

template <class T>
int LinkList<T>::delltem (T item)
{
if iIsEmpty ())
return O;
try
{
node<T>*i,*j=head;
for (i=head->next; i '= NULL; i=i->next)

if (i->data == item)
break;
j=i;
}
j->next=i->next;
delete i;
return 1;
}
catch(..)

{

return O;




/*************************************************/
void main()

{

LinkList <int> 11;
LinkList <char> 12;
LinkList <float>13;

|1.addItem(1); I1.addItem(2);
I1.addItem(3); I1.addItem(4);
|1.addItem(5); 11.addItem(6);

[1.delltem (4);




#include <iostream.h>

template<class ltemType>
struct node
{
ltemType info;
node* next;
}s

template <class ltemType>

class UnsortedLinkList

L

private:
int length; //optinal
node<itemType>* listData;
node<itemType>* currentPos;

public:

UnsortedLinkList() { length = 0; listData = NULL; }

~UnsortedLinkList () {makeEmpty() ;}

void resetList () { currentPos = NULL; }

int lengthls() const { return length ; }

intisFull() const;

void makeEmpty() ;

int retrieveltem(ltemType item) ;

void getNextltem (ItemType& item);

int insertltem (ltemType item);

int deleteltem (ItemType item);

k

template<class ItemType>
int UnsortedLinkList<ltemType>::isFull() const

{

node<ltemType>* location;

try{
location = new node<ltemType>;
delete location;
return O;

}
catch (...){ return 1;}

}

template <class ltemType>

void UnsortedLinkList<ltemType>::makeEmpty()

{

node<ltemType>* tempPtr;

while (listData != NULL)

{
tempPtr = listData;
listData = listData->next;
delete tempPtr;

{

length = 0;

}

template <class ltemType>
int UnsortedLinkList<ltemType>::retrieveltem(ltemType item)
{
node<ltemType>* location;
for (location = listData; location != NULL;location = location->next)
if (item == location->info)
return 1;
return O;




template <class ltemType>
int UnsortedLinkList<ltemType>::insertltem(ltemType item)

{
if (isFull ())

return O;
node<ltemType>* location;
location = new node<ltemType>;
location->info = item;
location->next = listData;
listData = location;
length++;
return 1;

}

template <class ltemType>
int UnsortedLinkList<ltemType>::deleteltem(ltemType item)

if (listData==NULL)
return O;
node<ltemType>* location = listData;
node<ltemType>* tempLocation;
if (item == listData->info)
{
tempLocation = location;
listData = listData->next; // Delete first node.

while (!(item==(location->next)->info))
location = location->next;

//IDelete node at location->next.
tempLocation = location->next;
location->next = (location->next)->next;

}

delete tempLocation;

length - - ;

return 1;

}

template <class ItemType>
void UnsortedLinkList<ltemType>::getNextltem(ltemType& item)
{
if (currentPos == NULL)
currentPos = listData;
else
currentPos = currentPos->next;
item = currentPos->info;

}

/*************************************************/

void main()

{

UnsortedLinkList <int> [1;
//lUnsortedLinkList <char> 12;
//lUnsortedLinkList <float> 13;

I1l.insertltem(1); I1.insertltem(2);
I1l.insertltem(3); I1.insertltem(4);
I1l.insertltem(5); l11.insertltem(6);

I1.deleteltem (4);




#include <iostream.h>

template <class ltemType>
class sortedLinkList
t
private :
struct node
{
ltemType info;
node* next;

int length; //optinal
node* listData;
node* currentPos;
public:
sortedLinkList() { length = 0; listData = NULL ; }
~sortedLinkList() { makeEmpty () ;}
void resetList () {currentPos = NULL;}
int lengthls() const { return length ;}
intisFull() const;
void makeEmpty() ;
int retrieveltem(ltemType item) ;
void getNextltem (ItemType& item);
int insertltem (ItemType item);
int deleteltem (ItemType item);
void print() const;

template<class ItemType>
int sortedLinkList<IltemType>::isFull() const
{
node* location;
try{
location = new node;
delete location;
return 0;

}
catch (...){ return 1;}

}

template <class ItemType>

void sortedLinkList<ltemType>::makeEmpty()

{

node* tempPtr;

while (listData !'= NULL)

{
tempPtr = listData;
listData = listData->next;
delete tempPtr;

}

length = 0;

}

template <class ltemType>
int sortedLinkList<ltemType>::retrieveltem(ltemType item)
{
node* location;
for (location = listData; location != NULL;location = location->next(
if (item == location->info)
return 1;
return O;




template <class ltemType>
int sortedLinkList<ltemType>::insertltem(ltemType item)

{
if (isFull ())
return O;

node* location;
node* befor=listData, *after=listData;

for (after=listData;after!=NULL;after=after->next)
if (after->info > item)
break;
else
befor=after;

location = new node;
location->info = item;
location->next = after;

if(listData==NULL)
listData=location;
else
befor->next=location;
length;++
return 1;

}

template <class ltemType>
int sortedLinkList<ltemType>::deleteltem(ltemType item)

if (listData==NULL)
return O;
node* location = listData;
node* templLocation;
if (item == listData->info)
{
tempLocation = location;
listData = listData->next; // Delete first node.

while (!(item==(location->next)->info))
location = location->next;

//Delete node at location->next.
tempLocation = location->next;
location->next = (location->next)->next;

}

delete tempLocation;

length - - ;

return 1;

}

template <class ltemType>
void sortedLinkList<ltemType>::getNextltem(ltemType& item)
{
if (currentPos == NULL)
currentPos = listData;
else
currentPos = currentPos->next;
item = currentPos->info;

}




template <class ltemType>

void sortedLinkList<ltemType>::print() const

{

node* location;

for (location = listData; location != NULL;location = location->next)
cout <<location->info;

}

/*************************************************/

void main()

{

sortedLinkList <int> 11;
/IsortedLinkList <char> 12;
/IsortedLinkList <float> I3;

I1l.insertltem(1); 11.insertltem(3);
I1l.insertltem(6); I11.insertltem(4);
I1l.insertltem(5); I11.insertltem(2);

I1.deleteltem (4);

I1.print ();
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Class node e S i Tlee 55 5 d o) sl (8 ()
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C Ak B asaaldl Jag gl make empty LS sl w(ﬂ, destructor gt LS-2
~unsorted linklist () {make empty();}
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Void make empty()

{While (list data 1=null)

{ node<T>*temp,

Temp = list data;

List data=list data -> next;
Delete temp,

length=0,}
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int insertltem(T item) null S
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return 1;}
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int insertltem(T item)
{node <T>* new node ;
new node = new node<T>;
new node -> info=item,
new node -> next=list data,
list data = new node,

length ++;}

b peaiall G A8 el €=
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int is full () const

{node <T>*location,

Try

{location = new node <T> ;
delete location ;

return 0;

/
Catch (...) { return 1,}}

.catch , try LS ¢racel v
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int retrieve Item (t item)
{ node <T>* location,

for (location = listdata ; location 1= null;

location = location = next )
{ if (item==location™> info) »=t=) % jéd
return t;} Cians o) 1 e

return 0;} x=sa0)0 e
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Ledda 3 yall dadll
int delete Item (T item)
{if (list data == null)<— )& =S N
return 0;
node <T>*location = list data,
node <T>*Temp location;
if(item==list data => info)
{temp location = location;
list data= list dataenext; }
else

{while (!(item==(location enext)einfo)) il e

el S 13)
node Jsl &

alie Cida

aiall b Lie Cha e ada i
A 8 83 93 g (S5 o ) 5V
A ige Jaag Laa s 1) 54l
& gl gy (Al ol Leld
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sy

location=location=> next; for flas Ala3id (Sa

templocatiob=location 2 next;
location = next=(location=> next)=> next;

/

delete templocation,
length --;

return 1}

void print () cost

{ if (list datal=mull)

for ( node<T>*i=list data; i!=null; i=i=> next)
cout<<i=> data;

/

Listdata — X » null

1 | |—aull

void main () {
unserted link list <int> [1;
Ll.insertitem(1) ; Llinsertitem(2);

Ll.insert item(3) ; Llinsertitem(4);

Ll.delete item(2),}
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break;
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#include <iostream.h>
template <class T>
struct node

{
T info;
node* next;
b
template <class T>
class StackType
{
public:
StackType() {topPtr = '0\' ; }
~StackType () ;
int Push(T);
int Pop ();
T Top () const;
private:
node<T>* topPtr;
int ISEmpty() const} return (topPtr= ="0\" ) ;}
" int IsFull () const;
3
template <class T>
StackType<T>::~StackType()
{
node<T>* tempPtr;
while (topPtr 1= 40")
{
tempPtr = topPtr;
topPtr = topPtr->next;
delete tempPtr;
}
}

template <class T>
int StackType<T>::Push(double newltem)
{

Try{
node<T>* |[ocation;

location = new node<T>;
location->info = newltem;
location->next = topPtr;
topPtr = location;
return 1;
}

catch(...)
{return 0;}

{

template <class T>
int StackType<T>::Pop()

{
if (IsEmpty ())
return O;

else

{

node<T>* tempPtr;
tempPtr = topPtr;
topPtr = topPtr->next;
delete tempPtr;
return 1;}}

template <class T>
double StackType<T>::Top() const




if IsEmpty ())

return 0;
else

return topPtr->info;
}

void main()

{
StackType <int>s;
s.Push(10); s.Push(20);
s.Push(30); s.Push(40);

cout <<s.Top() <<''; 0

cout <<s.Top() <<'"'; \30

cout <<s.Top() <<''; \20
cout <<s.Top() <<''; \10

*/

int StackType::IsFull() const

/IReturns true if there is no room for another node object
/lon the free store and false otherwise.

{

node<T>* |ocation;

try

{

location = new node<T>;
delete location;

return O;

}

catch(...)

{

return 1;

}

}
/*
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linked stack o= stack sdue abiasy
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~ QG filal JSs ) S aulenll o2a as €

§ 51
nullﬁ;l
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" constractor" Wiugi s linked stack sl
Stack type () { topptr ="\0";} 10" NULL
_t alic ALl

int push (Titem )

{node <T>*location = new node<T>; —> node -«
location => info = item; —> a8l (A

location = next = topptr; —> [OPPIF ) sl L) iy alea

topptr = location ; return 1; | —> 530 5500 ) s foppitr J des
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Int pop ()

{if (is empty O) oRe il Jls-d Int isEmpty () const
Return 0; s g0 dadgls )l {return(topptr=="\0"),;}
Else

{node <T>%*temp, —> voa o4 oL

Temp=topptr; —> topptr & sk alaa= J) jeaiall 45 L8 iy

Topptr = topptr = next; —>  sse>lopptr ) yise <y
Delete temp; —> 554 ) oo aa gy i aiia
Return I; —> ~lsy el cuial e gls )

#

ledda (e 2 STACK L) xie

~stack type () Constructor €-> destructor

{while (topptr I="0’) ‘
{node <T>*temp;, A Jai o) L) 5,85 pOP Blee 4 a2l

Temp=topptr, 10° J tooptr
T 0pptr=t0pptr9next; J s alea s node L) &= pop dolec 4
ﬁelete temp; J G 55 fOpPIr si3e i StOppLr
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pop Jide S for S while el gl
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1) Void print () const 2)  Void print () const
{ for (node <T>*I = topptr ; i!="0";i=i > {while (topptr !="0’)
next) {cout<<pop(x),
Cout << i info,} M
T'pop ()
{ if (! Is empty ())
{Tx,
N ) X=topptr =2 info;
s stack abic 4cbilba U'AJ'M el Node<T>*temp,

© (M ol Sny Temp = topptr;
Topptr = topptr9 next;
I Team Delete temp;
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#include <iostream.h>

template <class ltemType>
struct node
{ .
ltemType info ;
node* next;
3

template <class ltemType>
class Queue
{
public:
Queue} () front =rear = NULL;}
~Queue} () makeEmpty ();}
int isEmpty()const } return (front == NULL) ;}
int isFull() const;
int enQueue(ltemType);
int deQueue(ltemType& ) ;
void makeEmpty() ;
private:
node<ltemType>* front;
node<ltemType>* rear;
;*’*********************************************************/
template <class ItemType>
void Queue<itemType>::makeEmpty()
{
node<ltemType>* tempPtr;
while (front != NULL)
{
tempPtr = front;
front = front->next;
delete tempPtr;

}
rear = NULL;

}

template<class ItemType}
int Queue<ltemType>::isFull() const
{
node<ltemType>* location;
try{ location = new node<ItemType>;
delete location;
return O;
}
Catch (...) {return 1;}
{
/[Adds newltem to the rear of the queue.
/IPre: Queue has been initialized.
/[Post: If (queue is not full), newltem is at the rear of the queue;
/lotherwise, a FullQueue exception is thrown.
template <class ltemType>
int Queue<itemType>::enQueue(ltemType newltem)

{

if (isFull ())
return O;

else

{

node<itemType>* newNode;
newNode = new node<ltemType>;
newNode->info = newltem;
newNode->next = NULL;
if (rear == NULL)

front = newNode;
else




rear->next = newNode;
rear = newNode;

}

return 1;

}

//IRemoves front item from the queue and returns it in item.
/IPre: Queue has been initialized

/[Post: If (queue is not empty), the front of the queue has been
/removed and a copy returned in item;

/lotherwise, an EmptyQueue exception is thrown.

template <class ltemType>

int Queue<itemType>::deQueue(ltemType& item)

{

if iIsEmpty ())
return O;

else

{
node<ltemType>* tempPtr;
tempPtr = front;
item = front->info;
front = front->next;
if (front == NULL)

rear = NULL;

delete tempPtr;

}

return 1;

}

/**********************‘k***************‘k*******************/

void main()

{
Queue <int>q1;
gl.enQueue(l);
gl.enQueue(2);
gl.enQueue(3);
gl.enQueue(4);

for (int x; !gl.isEmpty(); cout << x >> "'
gl.deQueue(x);
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- 1 = agied CilS dlad) -
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) il
int enqueue(T time)
{l]f(lel/lll () )% try & catch ey G as s 5505 full slesid
return 0;
else
{ node <T> *new node= new node <T> ;—— node -.=

new node => info = item ; new node = next = null ; —>
. _ UL 3 i 5550 Jen s el o5
zf(rear T null) Jany peaie Js Giliaall peaiall (S 131 o e

front= new node , front = new node

else
NOde 37 si3e " Gl 5534 Jaay (s 213

rear =2 next = new node ; }

(wal noded i

aoal 2 front —¢= null
. d ) ) ear = null 1
rear = new node; — s .. s . reqr o e %nu"

freturn I, }

(3
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1
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de queue il

A8 ghadl) Al 530 e 35a g ge bsbAfrONt sdise sk Cadall die -
e il JeYanull Q) ssd rear sdise chijad e 2 M A jeaiall Cidall lee culS 1) -
 melie el gl I el AT 536 6 Ll s FroNnt of slasall o ot -
T dequeu ( T and time)
{if (is empty () )
return o,
else

{ item = front = info ;
front = front = next ;

if(front==null)F e

rear =null ;
return item ; |}

Make empty

for or while 1 iy jaie a1 i datidequeue cisliile ) Siie bl

Void make empty ()

{ while ( front = null )

node <T>* temp ,

temp=front ;
front =front = next

delete temp,}

rear = null ;}

yealiall delibs

1)Void print () const 2)Void print () const
{ while (front I=null) | {for( node<t>* i=front; i!= null ; i= i->next)

Cout<<dequeuer(),} Cout<<i->info;
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Ex:Void main () {

Queue <int> QlI,

Ql.enqueue(l);

Ql.enqueue(2);

Ql.enqueue(3);

Ql.enqueue(4);

For (intx; | Ql.isEmpty () ; cout<<x<< *° )

Ql.dequeue(x),

Sol:For1:ql.isEmpty () = false
Ql>dequeuer (x) 21
Cout<<x =2 \\1

For 2 : gql.isEmpty () = false
Ql>dequeuer (x) 22
Cout<<x =2 \\2

For 3 : gl.isEmpty () = false
Ql>dequeuer (x) 23
Cout<<x =2 \\3

For 4 : ql.isEmpty () = false
Ql>dequeuer (x) 24
Cout<<x =2>\\4

For 5:ql.isEmpty () = true
gl ey
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#include <iostream.h>
template <class ltemType>
class sortedLinkList
L
private:

struct node

{

ItemType info;

node* next;
node* prev;

|3

int length; //optinal

node* listData;

node* currentPos;
public :

sortedLinkList(){ length = O; listData = NULL;}

~sortedLinkList(){ makeEmpty(); }
void resetList (){ currentPos = NULL;}
int lengthls() const {return length ;}
intisFull() const;
void makeEmpty() ;
int retrieveltem(ltemType item);
void getNextltem (ItemType& item);
int insertltem (ltemType item);
int deleteltem (ItemType item);
void print() const;

template<class ItemType>
int sortedLinkList<IltemType>::isFull() const
{
node* location;
try{
location = new node;
delete location;
return 0;

}
catch (...){ return 1;}

}

template <class ItemType>

void sortedLinkList<ltemType>::makeEmpty()

{

node* tempPtr;

while (listData !'= NULL)

{
tempPtr = listData;
listData = listData->next;
delete tempPtr;

}

length = 0;

}

template <class ltemType>
int sortedLinkList<ltemType>::retrieveltem(ltemType item)
{
node* location;
for (location = listData; location != NULL;location = location->next)
if (item == location->info)
return 1;
return O;

}

template <class ltemType>




int sortedLinkList<ltemType>::insertltem(ltemType item)

{
if (isFull())
return O;

node* location;
node* befor=listData, *after=listData;

for (after=listData;after!=NULL;after=after->next)
if (after->info > item)
break;
else
befor=after;

location = new node;
location->info = item;
location->next = after;

if(listData==NULL)
listData=location;
else
befor->next=location;
length++
return 1;

}

template <class ltemType>
int sortedLinkList<ltemType>::deleteltem(ltemType item)

if (listData==NULL)
return O;
node* location = listData;
node* templLocation;
if (item == listData->info)
{
tempLocation = location;
listData = listData->next; // Delete first node.

while (!(item==(location->next)->info))
location = location->next;

/IDelete node at location->next.
tempLocation = location->next;
location->next = (location->next)->next;

}

delete tempLocation;

length - -;

return 1;

}

template <class ltemType>
void sortedLinkList<ltemType>::getNextltem(ltemType& item)
{
if (currentPos == NULL)
currentPos = listData;
else
currentPos = currentPos->next;
item = currentPos->info;

}

template <class ltemType>




void sortedLinkList<ltemType>::print() const

{

node* location;

for (location = listData; location != NULL;location = location->next(
cout <<location->info;

}

/*************************************************/
void main()

{

sortedLinkList <int> 11;
/IsortedLinkList <char> 12;
/IsortedLinkList <float> [3;

I1l.insertlitem(1); I1l.insertltem(3);
I1l.insertltem(6); I11.insertltem(4);
I1.insertltem(5); I11.insertltem(2);

I1.deleteltem (4);

I1.print() ;




#include <iostream.h>
template <class ltemType>
class SpecializedList
L
private:

struct node

{

ltemType info;

node *next, *back;
}s

int length; //optinal
node* list;
node *currentNextPos,
* currentBackPos;
public:
SpecializedList () {length = 0; list = NULL; . }
I ~ SpecializedList(); // Class destructor.

void ResetForward( ) {currentNextPos = NULL;}
void ResetBackward() {currentBackPos = NULL;}

void GetNextltem (ItemType& item, int& finished);
void GetPriorltem(ltemType& item, int& finished);

void InsertFront(ltemType item);
void InsertEnd (ltemType item);
void Insertltem (ItemType item);
int deleteltem (ItemType item);

int Lengthls() const} return length;}
void printForward () const;
void printBackward() const;

h

template<class ItemType>
void SpecializedList<ltemType>::GetNextltem(ltemType& item, int& finished)

if (currentNextPos == NULL)
currentNextPos = list->next;
else
currentNextPos = currentNextPos->next;
item = currentNextPos->info;
finished = (currentNextPos == list);
}
template<class ItemType>
void SpecializedList<ltemType>::GetPriorltem(ltemType& item,int& finished)

if (currentBackPos == NULL)
currentBackPos = list;
else
currentBackPos = currentBackPos->back;
item = currentBackPos->info;
finished = (currentBackPos == list->next);

}

template<class ItemType>
void SpecializedList<ltemType>::InsertFront(ltemType item)

node* newNode;
newNode = new node;
newNode->info = item;
if (list ==NULL)
{ MNist is empty.
newNode->back = newNode;
newNode->next = newNode;




list = newNode;

newNode->back = list;
newNode->next = list->next;
list->next->back = newNode;
list->next = newNode;

}

length;++

}

template<class ltemType.
void SpecializedList<ltemType>::InsertEnd(ltemType item)

InsertFront(item);
list = list->next;

}

template<class ItemType>
void SpecializedList<ltemType>::Insertltem(ltemType item){
node* newNode;
newNode = new node;
newNode->info = item;
if (list ==NULL)
{//ist is empty.
newNode->back = newNode;
newNode->next = newNode;
list = newNode;
}
else
{
node *i;
for (i=list->next; i!=list; i=i->next)
if(i->info > item))
{
newNode->back = i->back;
newNode->next = i;
(i->back)->next = newNode;
i->back=newNode;

if( list->info >= item )

i=list; // optinal
newNode->back = i->back;
newNode->next = i;
(i->back)->next = newNode;
i->back=newNode;

}

else

i=list; // optinal
list=newNode;
newNode->back = i;
newNode->next = i->next;
(i->next)->back = newNode;
i->next=newNode;

}
1
template<class ItemType>
int SpecializedList<ltemType>::deleteltem(ltemType item)

if (list==NULL)
return 0;
node* i;




for (i=list->next; il=list; i=i->next)
if(i->info ==item)
{
(i->back)->next=i->next;
(i->next)->back=i->back;
delete i;
return 1;

if(list->info == item )

{ i=list; // optinal
list=list->back;
list->next=i->next;
(i->next)->back=list;
delete i;
return 1;

}

return O;

}

template<class ltemType>
void SpecializedList<ltemType>::printForward() const
{if (list==NULL)
return;
for (node* i=list->next; i'=list; i=i->next)
cout << i->info<<*‘ *;
cout<< list->info << * *;
}
template<class ItemType>
void SpecializedList<ltemType>::printBackward() const

{

if (list==NULL)
return;

cout<< list->info <<* *;

for (node* i=list->back; i!=list; i=i->back)
cout <<i->info <<* *;

}

/*************************************************/

template <class t>
void printBack(SpecializedList<t> |,t item)

int& finished=1;
|.GetNextltem(item, finished);
if (ffinished)
printBack(l,item);
cout <<item << ‘¢ *;
}
void main()
{ SpecializedList <int> [1;
I1.ResetForward() ;
I1.ResetBackward() ;

I1.InsertFront(1); I1.InsertEnd(3);
I1.InsertFront(6); |1.InsertEnd(4);
I1.InsertFront(5); 11.InsertEnd(2);

I1.deleteltem (6);
I1.deleteltem (2);

I1.printForward() ;
cout <<endl;
I1.printBackward () ;

cout << endl;
int x=10;
printBack(l1,x); }
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void Insert (t item ){

node * new node =new node <T7> ;
new node info = item ;

if (list == null )

{ new node =2 back = new node

new node=> next = new node | Team

list = new node ;) zerone

else { new node=> back = list ;
new node =P next = list=> next ;
(new node=> next )= back = new node;

( new node = back ) = next = new node ;

/
length ++,

o bl o o )8 fnsertFront | insertEnd 2 S (s g JaSI 2 S ae
© ade Gkl 15 ) Ll sl

adall

Jaw eany Ladie 5 paiall e il paliall G Jaily jligal zUsd dase pale (ol die-
c‘ﬂ,@g.ﬂ\}aw‘)@@mﬂcmgﬂ\}a&dbackd\ﬁycdﬁﬂi&&d\&\ﬁﬂ\
a@gﬂ\w)@@qﬁgﬁ\}aﬁzﬂnext J pdisa g

—{ T —

Jaidl fist J) OlSe s & [ist JV el pdisall Jaa list (8 45 33 Ledda 3 jall daagsll cilS 131
( i=next) > back s i next J xlunext o ki Jas & aldll paiall ) paial)

list &




Int delete (T item )

{if (list == null)

return 0 ;

node *i;

if(iZZistenext 1= list ; i=i9next)
if (i=2info ==item)

{ (i back) =2 next = i~ next;

(i next ) =2 back=i— back;

delete I ; return 1,

if (list =2 info==item)

{ i=list ; list=list=> back ; list=> next=i—> next ;

(i enext) - back = list; delete I ; return 1 ; } return 0 ;}

I Team

Zer@ne




- ac bl
i=i-> back (iei bl Gaadl (e aclilall Ga ) 136 dpzalall ¢ ghadl) i Gudad delidall b
i=i> next bl Gaadl e Lol 131

void print() forward () const
{if (list == null)

return ;
for (node * i=list = next ; i |= list ; i=i—> next)
cout<< i info << “ *;

cout << list 2 info ; )
void print backward () const

{if (list ==null )

return ;
for (node * i=list=> back ; i != list ; i =i back )
cout << = info << “*;

cout << list => info ;

/

l Team
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Some example :

/-what is the out put of the following code?
{p1=p1-> next;

P2=p1->back;

While(p2->back != null)

{cout<<p2->info;

P2=p2->back;}
Cout<<endl; X oo adl pl dse JiS pl=pl->next 4lex Gaki die -1

While(p1->next != null) €l idpl Ldse Ji p2=pl->next 4o (3uki v -2

{cout<<p1l->info; AN C oo il by A5Y) while Ales 3 -3

Pl=pl->next;} 2 X 0n ) by 4550 while Ales (-4

P2 l
hea \ Out put:

nuII: C CB

Xy

g' using the circular doubly linked list, give the expression corresponding to
each of the following descriptions.

4| °| !
\% Node Node Node

1 3 5

1- the info member of node 1, reference from pointer ¢
(C->next)->info;

2- the next member of node 2, reference from pointer A
(A->next)-> next;

3- the pointer member of node 1, reference from pointer B
(B->back)->next;

4- the back member of node 4, reference from pointer C

(C->back)->back;




é’you have circular doubly linked list and pointer p1 which points to the

second node init, return a pointer to the immediate successor of last

node . Pl\J/

\% Node :l
F—L.2 3
2) 250 Al Galy Al o gl I pady alaapl aladiili Ly, 098 (U6 ) jad pl 5 S L o) (a0
(U 2l back ds¥)asill ) ag SE Hds izl a5 ds) 058 25 (node aInext

P1 = pl = back;

ﬁ'pointer p points to the head of the sorted linked list write to y the contain

of the last node . headE 2 3 4 — null

(r=ic Jl G ) head N osdap 5l &3l ol e Hhill (i sorted linked list Lizs 430 (a yids

i AN G yiad (3385 L 3 g

CAadl) A8 8 pate AN ) deal S next daul o AY ypaie e Judll Wlenode Al ) daad S

For ( p= head ;( p=> next) !=null; p=p = next ) ;
Y=p =2 info;

_wﬁim@\&qm@p:nunwﬁw)s‘ydm,L@_a\‘?_'\H\;mpenext:nun 0S5 Ladie

é’ pointer p points to any node in the linked queue remove the last node .
rear
frant o™ 2 3 4 —

G aliall S Cida e 23 Y SN | LO queue J) saeliy | juaie Al Cads ey y, Ll JSAN 38 ol (i il
front &lah sdall vie | paliall e L 8 Le 3y Jbaidls 17 4yl Jaad s 418

While ( front != null)

{node < t> *temp ;

Temp = front ;

Front = front = next;

Delete temp;}

Rear=null ;
rear »ise i (e n M Ae U mual Ladie

I Team
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Q’write of c++ statements to swap the front element with last element in

linked queue .

(rear) Céwial dad JA) e front Aed Gm o by

Node < t> *temp ;

Temp—> info = front 2 info ;
Front = info = rear = info ;

Rear = info = temp =2 info ;
Delete temp;

Z’if you have circular doubly linked list with the following data

(2030 40 80 90 100 110 120) , (head point to 1200)

Write statements to display (110 2 120 =2 20 =30)

head $

— 30 40 80 90 100 110 120

—

|
]

aliall B next e e JE 23 head J @bl paiall juli node J gliss

Int x=1 Node < t> *temp ;
While (x 1=5) s e 4 cs Temp = head 2 back ;
{cout<<temp > info; | while (temp I=( head =S next] S fext
Temp =temp > next ; { cout << temp =2 info;

X++:) Temp = temp = next ;}

cmam 2508 A ) s Loy (AT (3 ok b e S (S5 Ao Liall (s Sk

.z gealiyalld daaiia daiil) CilS () 5 dxifl s geali ) (o)) (e Sl

I Team
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ST any function ( node <t> *p ,node < t> *|)

Return p—> data;
Else
Return p—> data + any function ( p=2 next,l);

}

head N 1 5
P

What is the value returned from the function ?

Return1:p—> 1,129

1+ return 2 1+ return 2 =1+26 =27
Return2:p—>4,1->9

4+ return 3 4+ return 3 = 4+22=26 )
Return3:p—=2> 5,129 )

S+return 4 5+ return 4 =5+17=22
Return4:p > 8,129 )

8+ return 5 8+ return 5=8+9 =17
Return5:p 29,129 9

Z'in circular doubly linked list, insertion of a new node between two

entire node involve the modification of .

aall juaiall G el ALYL (g paiell G a8l ) (p pdise 38 (o peaie (u eaic A8l e
N | .4 pointers idl Gl jdisall 2o muad
[ <]

JO ~write code will delete tow successive node after p node from single

linked list ?

(p points to a node, g pointer to next node of p node and list has 10

nods )
head

3 4 5 — 9 10 | null

Wwp/ q/ Mie 5,4 adaiu

G (next )p JI _pbise s

P = next = p =2 next 2next 2 next;

null >4 s J i
Q= next =null;

null>5 Mise Jeniw

g—> next > next =null ;




//- if the circular doubly linked list

head—Ali ahmad mohammad anas kamel majed)

Node <t>*t= head ;
head 2> next > next > data =t > back > back > data; // kamel = mohamad ies Jus
Cout << head—> data <<";" << head = next = next = data;

Cout << ";" <<t = back = back = data;

** output : ali ; kamel ; kamel

/2-linked queue before executing the following code contain [ 12, 14, 7]
Int x=5, y=3;

g. enqueue (4) ; q. enqueue (x) ; g. enqueue (x+1)

q. dequeue (Y); Y obisiadii e

g. en queue (x+Y);

g. dequeue (x);

cout <<"x=" << x << "y ="<<vy; [/ 14, 12

front — S

1 12 14
Ny Ny
/3- if address of 8th nodes in doubly linked lest is 2028 and each onde has

data filed length = 10 byte and address space of memory 3 byte , what is
address of 9th node?
A) 2041 b)2038 ¢)2040 d)none

aliia 3 SIAN 8 LgaB) o () 5S5 () Un Ll Gl [iNKIIST (3 ealind) oY
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#include <iostream.h>
template <class ltemType>
class Tree{
public:
Tree() { root = NULL ;}
~ Tree () { Destroy(root) ;}
int isEmpty() const { return root == NULL;}
void insertltem (ItemType item){ Insert(root, item);}
int deleteltem (ltemType item ) { return Delete(root, item ) ;}
void NLR () const { cout <<" Pre-Order(NLR): "; recursiveNLR(root ) ;}
void LNR () const { cout <<" In-Order(LNR): "; recursiveLNR(root) ;}
void LRN () const { cout <<"Post-Order(LRN): "; recursiveLRN(root) ;}
int retrieveltem(ltemType& item) const} return Retrieve(root, item) ;}
int lengthls() const {return CountNodes(root) ;}
private:
struct node
{ ltemType info;
node *left, *right; };
node* root;
HHelper Methode\WWW
void Destroy (node * &);
void recursiveNLR (node*) const;
void recursiveLNR (node*) const;
void recursiveLRN (node*) const;
void Insert(node*&, ltemType);
int Delete(node*&, ItemType);
void DeleteNode(node*& tree);
int CountNodes(node*) const;

int Retrieve (node* ,ItemType& item) const;

h

/****************************************************************I

template<class ItemType>
void Tree<ltemType>::Destroy(node*& tree)
{if (tree '= NULL)

{ Destroy(tree->left);




Destroy(tree->right);
delete tree; 1} }
template<class ltemType>
void Tree<ltemType>::Insert(node*& tree, ltemType item)
{ if (tree == NULL)
{ Il Insertion place found.
tree = new node;
tree->right = NULL;
tree->left = NULL;
tree->info =item; }
else if (item < tree->info)
Insert(tree->left, item); // Insert in left subtree.
else
Insert(tree->right, item); // Insert in right subtree .}
template<class ltemType> // 498
int Tree<ltemType>::Delete(node*& tree, ItemType item){
if (tree== NULL) /I Node not found; return false
return O;
else if (item ==tree->info) // Node found; call DeleteNode.
{ DeleteNode(tree); return 1; }
else if (item < tree->info)
return Delete(tree->left, item); // Look in left subtree.
else // if (item > tree->info)
return Delete(tree->right, item); // Look in right subtree.
}
template<class ItemType>
void Tree<ltemType>::DeleteNode(hode*& tree)
{ node* tempPtr =tree;
if (tree->left == NULL)
{ tree = tree->right;
delete tempPtr;}

else if (tree->right == NULL)

{ tree = tree->left;

delete tempPtr;}

else




node* Predecessor=tree->left;
while (Predecessor->right '= NULL)
Predecessor = Predecessor->right;
tree->info = Predecessor->info;
Delete(tree->left, Predecessor->info); // Delete predecessor node
1}
template<class ItemType>
void Tree<IltemType>::recursiveLNR (node* subRoot) const
{if (subRoot = NULL)

{ recursiveLNR(subRoot->left); // Print left subtree.
cout << subRoot->info << ¢ ¢;
recursiveLNR(subRoot->right); // Print right subtree.

1

template<class ItemType>
void Tree<IltemType>::recursiveNLR (node* subRoot) const
{if (subRoot '= NULL)

{ cout << subRoot->info << * “;
recursiveNLR(subRoot->left); // Print left subtree.
recursiveNLR(subRoot->right); // Print right subtree.

1}

template<class ItemType>
void Tree<ltemType>::recursiveLRN (node* subRoot) const
{if (subRoot '= NULL)

{ recursiveLRN(subRoot->left); // Print left subtree.
recursiveLRN(subRoot->right); // Print right subtree.
cout << subRoot->info << ¢ ¢;

1}

template<class ItemType>
int Tree<ltemType>::CountNodes(node* tree) const
{if (tree == NULL)

return 0;

return CountNodes(tree->left) + CountNodes(tree->right) + 1;

}

template<class ItemType>




int Tree<ltemType>::Retrieve(node* tree,ltemType& item) const
{if (tree == NULL)
return O; // item is not found.
else if (item < tree->info)
return Retrieve(tree->left, item); // Search left subtree.
else if (item > tree->info)
return Retrieve(tree->right, item);// Search right subtree.
else
return 1;}
[HRRRR IR IR IR IR IR TR IR RE KR RE TR RERE IR TR I RE KRR RERRERE I |
void main() {
Tree <int>t1;
tl.insertlitem(5); tl.insertltem(9);
tl.insertltem(7); tl.insertltem(3);
tl.insertltem(8); tl.insertltem(12);
tl.insertltem(6); tl.insertltem(4);
tl.insertltem(20); tl.insertltem(1);
t1.NLR(); cout << endl;
t1.LNR(); cout << endl;
t1.LRN(); cout << endl;
cout\" >>n;"
tl.deleteltem(12); tl.deleteltem(4);
tl.deleteltem(9); tl.deleteltem(1000);
t1.NLR(); cout << endl;
t1.LNR(); cout << endl;
t1.LRN(); cout << endl;}
*IThe Output
Pre-Order(NLR): 531497681220
In-Order(LNR): 134567891220

Post-Order(LRN): 143687201295

Pre-Order(NLR): 531876 20

In-Order(LNR): 13567 820

Post-Order(LRN): 13672085
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A oSl g il sg 8 Al S (FOOE) i & osSes a6

leaf leaf &‘)5\

—

Sle

syadll yualic sea - nOdes
38l A i Jl 1 rOOL
s e g i Yy oadll b e A Jeaf

RIS | Gl W Y | VR PP T T

.nodes J Jals (oaie rdata ol

Trees have some nodes , and the nodes have value and have children or not .

Create a tree of these values" h,u,x,z, v, m,n, 1"
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length tree
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#include <iostream.h>
template <class ItemType>
class Tree{
public.
Tree () { root = NULL;}
~Tree () {Destroy(root) ; }
int isEmpty(') const  {return root == NULL; }
void insertltem (ItemType item, { Insert(root, item ) . }
int deleteltem (ItemType item ) { return Delete(root, item ) : }
void NLR () const;cout <<" Pre-Order(NLR): "; recursiveNLR(root) . }
void LNR () const,;cout <<" In-Order(LNR): "; recursiveLNR(root) ; }
void LRN () const,;cout <<"Post-Order(LRN): "; recursiveLRN(root) ; }
int retrieveltem(ltemType& item) const { return Retrieve(root, item) ; }
int lengthls (') const { return CountNodes(root ) ; }
private:
struct node
{  ItemType info.
node *left, *right. },
node* root

Helper Methode...
void Destroy (node - . )
void recursiveNLR (node*) const
void recursiveLNR (node*) const
void recursiveLRN (node*) const

void Insert(node*&, ItemType ) ' Te am

int Delete(node*&, ItemType)

void DeleteNode(node*& tree) ; z e r ( ) n e
int CountNodes(node*) const

int Retrieve (node* ,ItemType& item) const

Class tree

“puplic”
rconstructer "null Q) i FOOt  aesd yise )5S Cuny s il A i

rdestructor " destroy s el sis sl s sie -
isEmpty , insertltem , deleteltem , "\aY¥ \ea )i giss LAY (s 35a 5
retrieveltem , length , NLR, LNR , LRN

“private”
selesivl g ywaa Class oLl oo by 5 A48 b A5 SIFUCTE ik e Dlo sl Cay yai-
FOOL iz iy i
adi class J Jah lealasid ¥) (K Y private Ja: function <.
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root == null <— _nalic 345 a2
Empty or not

root = null <— r=alic 29

{ int isEmpty() const
return (root == NULL ); }

b e CulS g 5ae Ji S 1 7 2 p

Some

— Leaf = left& right = = null
i) S 13 A e {
leaf or not Leaf = left& right != null

Int isLeaf (node*& tree)

{ if ((tree->left == NULL) &&( tree =D right==null ))
return 1;

else

return 0, }

method

Bl J sk 4 e

int lengthls () const { return CountNodes(root ) ; }
int CountNodes(node* tree) const
{if (tree == NULL)
return 0,
else

return CountNodes(tree->left) + CountNodes(tree->right) + 1 }
Jshll 48 jaa alow o @lEl e Gudaill A e g8 jalll (B paliall 23 Gilua a3 K1) 138 A

Pre order Js

254 Tree traversal
palial) pran Ao

Gb 3 Gib e

in order s

post order

dcliall

paic (e G

Max \ min




I Team

Print tree ZerMne
Pre order ( NLR )

"5 il Jeal " peaiall ke

- print root —
2- print left Oall Jiiy g geainll aoday Jeaf cailS 1

L g Gkt s root b s oS5 4 135

3- print right 3-1 e il shall Lgle

(e (st g ainll aalay Jeaf culs 1
J5235 root e ey (S5 ol 13l 5 dlanl)
3-1 (e Gl shaall Lo Gulad]

In ordeif ( LNR) & post O\Lm’er (LRN) s sl Calias (UL @l shall (uis

1- print left 1- print left

2- print root 2- print right

3- print right 3- print root

void LNR () const{cout <<" In-Order(LNR): ";recursiveLNR(root) . }
template<class ItemType>
void Tree<ItemType>::recursiveLNR (node* subRoot) const
{if (subRoot != NULL)
{  recursiveLNR(subRoot->left); // Print left subtree
cout << subRoot->info<< * *;
recursiveLNR(subRoot->right); // Print right subtree }}

void LRN (') const;cout <<"Post-Order(LRN): "; recursiveLRN(root) ; }
template<class ItemType>
void Tree<ItemType>::recursiveLRN (node* subRoot) const
[if (subRoot != NULL)
{  recursiveLRN(subRoot->left); // Print left subtree.
recursiveLRN(subRoot->right); // Print right subtree.
cout << subRoot->info<< * ‘; }}

void NLR (') const;cout <<" Pre-Order(NLR): "; recursiveNLR(root) . }
template<class ItemType>

void Tree<ItemType>::recursiveNLR (node* subRoot) const

{1f (subRoot != NULL)

{  cout << subRoot->info<< * *;
recursiveNLR(subRoot->left); // Print left subtree.
recursiveNLR(subRoot->right); // Print right subtree}}




Gt Al (e e ae 2N 5 4l 45 hall Lale 5 (I g¥) A8y plall # ) oo
“LNR”

recursiveNLR 7258 sle diul sy acLihall die -

osSinull  J i JSIY “root VA e ealiall o5 el Ty 2 S0 1 i
If s oy 583 aoad 35S (g 7 jag 42 U

root J Sl Ao 58 Al paiall Jity (K1 (5 AT o e s 3 Sl oo iy Ja 011 (335 11
1D A bl A (e praic AY dhay (i jualinall jlu oot (B4 FOOT o siins "
M azaday a2 SU 3 g o] O 5S 0 b (o i)

NUILS iy G814k jaie AY (el deald Jiih (SIg)A) b pe 4 3 &I sledinl -
Jiiiy g sads FOOF Ol iy | Alnall Jaiy &3 6 Loy Linida 3 odled) 4eLidal 3 oo
aie AT Jia 138 5 Leinal Jity o5 Wi Ll 3 sdpppgf] L) 1S3 W Lol

DLl 58 il g olaisy) elile ALyl W)y Jalai llia g 2 & e gl DA #

Level O

Length =4  #level =3  #maximum of node in tree = 2°+2°-1=15
NLR <-- Print pre order :Pre order
Jhoas e Al "3 ke 353 e eobe Sl | W) Sloll JEE " Jlass ey 41 K72 J5Y) 2 4l
anshy 35 0o o ke Jhad) | bl JEE8 "l eyl " <T> aniday a5 g sl Sl el Jaig "
YAl pud" <22 anihay 253 e ok Cpad) | Adaad JE 7" 25l an 5 "l Vs (e 4l gl " <-3>
5 " oy W5 Y 4l " <O axglad 358 e o ke (e Jiih s 5" 25l g g Sl Y5 (e
Jiid s cpa W' <J0> daday 25 G o jbe Cpadl, 4l lual) dea Ligsl Of aa L) iy "7" a5l
o ke Cnadl | adad Jitis ) "70" a5l asmd " Sl W5 ey 4l Gl <O aniday a5 e o e Sl el
Vs Cnaal gl <JJ> anihy 2 ce ke Sl Sl i "l s e 1 "<KJ 2> aniay a5 e
OsS3llhys" Jn Vs s Al pad" <20>anidny 255 e ol Gradl) | Cpell il s 72" asill 252 "y

lalingh y paliall aren e Uy
"7 3,1,-3,2,5,10,9,12,11,20 " s

Print in order : “-3,1,2,3,5,7,9,10,11,12,20 “
Print post order :*“-3.2.1.5.3.9.11.20.12.10.7 “




binary search trees “BSF)”

dnode IS o snaduala o8 2 children SV e A jaic JS6 a8 o
Aiad o ST o dp o 5 Ahad o il a0 s e mvalue 7 asd

S el e J8) 4a b jluy

Node “ value “

4iad (o e 4af A

)

(20)
el €15 > 20, 17,30,40 G @ @

bl € 15510, 12, 7 o

Ex:Create a tree of these values"7,6,4,10,15,2,20,5,8,13,16,3"

Db b gl 6<7
root "7" &, Jf .
null null null node ¢l null = Jlw

waall paiall 58 "7" Jlw das

null

@ Ji 4<6 bl Jiiy 4<7 ) .
6 null Sl onadl J85% 10>7

null
node <Ll null = b node L&l null = e

null null null

null

aiall 505 "6" jln Jaa paiall 5l "7" e daa
2aall 2aal)

2 o I Team
<~ & n @ Zer@ne

Q@é @@@

JSEN 58 pealiall e e OF () Tl G e adlaYl iy




HOE HS Ex8al’ Onlal Jadans o O )8 81D oo 8585wV @iy

GO Wary s peaie Jol ) Dada pdise Ciy e o i 40 eaial) Ge iall Ui 51 Sla -
a8 ol uSall g ) 6 5l Jega g 5all (e a6 Sl clluy ST il 1) 2l
Jlea) g 43 58l Lewsdi 3 )SI) dumy g o0 O OT o i 41 LIEH| (o) 0 gill jull jgall Jass

)A()[\ ;)ﬂ\é&: Q\)LSJ\ M.\A\j-ﬂj BN

- referace to root

(15)
2-value root <40 = et s a2l Jegss Osedle Sl L, o

(29

Value root >40 = st ey Sl Ll Eindl Sy (2) (12 ® (30) o

3- emillang of U 7,2 skl S

sondll jualie 22 =p Cun JOg, N = seaie Ge L Sl (K0 &) e 220 S
n=1000000 log , 1000000 = 20 = &sd &l e 2
level AV 2leaf r=ixdl 9S8 o 138 (815 50 20) e JBL paiall aal of (S

DM‘D&(J&\J]_ZL}CQ_\A.\MJ{)J

oY) e 5all Jat g ) ¢ 3all Cee 12<15 -1

(19
Q0 ®

)—w;&\ Jegd s C)A:&\ el Jai 12510 -2
© il e gy ¥l o 3a) i pemiall Uinn -3

* Lo b Gl dlee 4k adliay) dglec®
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int searchtem (ItemType item,; return search(root, item) . }
template<class ItemType>
int Tree<ItemType>::search(node*& tree, ltemType item)
{
if (tree== NULL) // Node not found, return false
return 0
else if (item == tree->info) // Node found
cout<<tree->info,
else if (item < tree->info)
return search(tree->left, item), // Look in left subtree
elseif (item > tree->info)
return search(tree->right, item), // Look in right subtree

/

PBinary tree deletion:

1- Delete node has no children

nulld el A el A Hasall Jaa®

null J )il 100 Jlan pdige ey DBa 7J) ada

2- Delete node has one children
e Yo Lelilal udiy Lol Jadiy s3) Jdigall Jan *

30 (e Y2 40 ) sl 20J) ey iz oty lld g De 301 s ¥

3- Delete node has two children

Lo bai sl 3 anll (e 6 3 pladal (5250 5 plie 4dda ™
Mia root J) <aiaS (5 Al dasy aaill Jlasil 2t <l

¢ (pyais 4y bl pmais ) gl root J) Jase Jad o oS Al Al 2 L

aie 8l o oy o s aie Sl aiey el ualiall S 0 root JI paibad (he - (10)

M\lewuﬁcﬁbi,Jw‘iﬁwuﬁﬁ@u)wﬂ\d\@\eﬁaﬂﬁ 2

alinll Jga gl (e LiSay Laada aa e Yy Ul s
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+ 15 <ada Ua) 13 *

and ST o8 1200 ) an8 (e ol ol RS | Al Jlsl) Agn e 4ad ST 230 -
(15 Db dga e

@ @ M&E,M\&@Qﬂ@dﬁhd\m\m)\b\-

0@@®

) el Aex e dad i (o 17 O a3

@ O JE | lund) Aga (e dand Jil 7 Jlagind 1 AT JUa
9 8 J Al Juail "9" ) )y e oy (oual &5 10"

(15) ; g
é @ Qo 46" sl JE, Slel) dea (e dnd SL allaial
Q 10 J ods 6 Gpadl phige et e Led

A4 trees

Gl Ll aai s adll o2a &
DS g g ink list J 4ped
a i g Al paibaddl (e
3oad (A paliall (i i 43y )l

AT Qg

- search - search
- insert paia] Cadall o) ALY o) Gl Gl e 22 -jnsert aial Cadall o) ALY ) aadl Gl ye 2ae

- delete palial) 22e] (5 sl - delete log,n o5&l e mua

" not balanced tree " link list < 4! d)iﬁ\ JSEN ey

Team

I " balanced tree " S JSa Wil
Zer@One ..




¢ balanced or not ¢ 43 ma aly S

1,1, 0" S8 G S Sl s Cpal dga G Jshall o )i g ean g 53 JS 28l g
balance (585

Pro-t= J MJM\ Aa )
balanced factor (s 4 JM‘ ‘UL“‘— *

Balanced factor = length left — length right
ald W gl jevel DAl (B leaf J) el AN 7 patanced " 43 sie Ll A yra Say - leaialix

Yull tree , complete tree

Full tree = #node in last leave = 2"  n= # level

Complete tree =2 =2 #node in last leave 2" n= # level

Full tree Complete tree

complete tree (& full tree !

full tree (& complete tree JS u-ﬂ-d 9
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(Questions years

1- Create a tree of these values (1s,10,20,19,12,7,3,30,27,17,32,8)

®
ol

QA Y ®

g o @0

2- a- Create a tree of these values (9,17,13,5,15,23,11,7,39,1)

©

© ®
© B @
0@@@

b-Redraw the tree after delete item (23) and (7).

©
& W
© B &
® @

3- you have tree find the out put:

®
a- pre order © )

“53 41 97 6 8 12 20“ 000@
5 h ©

b-in order

“4 3 1 56 7 8 9 12 20°“

c- post order

I Team

“4 1 36 8720 12 9 5° ZerOne




4- find the output :

If (p—=>right = = null)

cout << p =2 right—> info;
else

head = p 2 right = right;

while ( head != null)
{ cout<< head—> info;

head= head --. Left; }

5- pointer p point to root, write code to save in pointer left
right the root >

rootd) e sben il JAala (3 535 Be 2y root J el i Lol

P=root—> right > left;

6- which of the foolowing ways below is a pre order traversal:

1-root->left->right

2- root ->right->left

7- which of the foolowing ways below is a pre order traversal:
1-root->left->right

2- root ->right->left

I Team

8- tree cannot cotain cycles: ZEI‘OHE

1- true

2- false




