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Introduction

 Templates
— Function templates
» Specify entire range of related (overloaded) functions
 Function-template specializations
— Classtemplates

o Specify entire range of related classes
— Class-template specializations
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Function Templates

* Overloaded functions
— Similar operations
 Different types of data
e Function templates
— |dentical operations

 Different types of data

— Single function template
« Compiler generates separate object-code functions
— Unlike Macros they allow Type checking
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Function Templates

* Function-template definitions
— Keywordt enpl at e

— List formal type parameters in angle brackets (< and >)
» Each parameter preceded by keyword cl ass ort ypenane

— ¢l ass andt ypenane interchangeable
tenplate< class T >

t enpl at e< typenane El enent Type >

t enpl at e< cl ass BorderType, class Fill Type >
o Specify types of

— Arguments to function

— Return type of function

— Variables within function

O 2003 Prentice Hall, Inc. All rights reserved.
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/1l Fig. 11.1: figll_01.cpp

/1 Using tenplate functions.

#i ncl ude <i ostreanr

usi ng std:: cout;
usi ng std::endl;

[l function tenplate pri
tenplate< class T >

A

Qutline

\%

Function template definition;

declare single formal type
ray defin parameter T.

void printArray( const T *array, const int count )

{
for (int i =0, i < cd
cout << array[ i ] I

T istype parameter; use any
valid identifier.

cout << endl;

int main() T.

If T isuser-defined type,
} // end function print Stream-insertion operator
must be overloaded for class

{

const i nt aCount = 5;
const i nt bCount = 7;
const i nt cCount

I
o

figll Ol.cpp
(1 of 2)
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int a[ aCount ] ={ 1, 2, 3, 4, 5 };

double b[ bCount ] ={ 1.1, 2.2, 3.3, 4.4, 55, 6.6, 7.7 }:

char c[ cCount ] "HELLO'; // 6th position for null
cout << "Array a contains:" << endl;

/1 call integer function-tenplate specialization
printArray( a, aCount );

A
\%

figll Ol.cpp
(2 of 2)

Qutline

1 CompilerinfersT is
doubl e; instantiates
function-template
printArray( b, bCourf array specialization whereT is

cout << "

jecialization for printing

cout << "Array c Cor/w/d Compilerinfers T ischar ;

{ Instantiates function-template
/1 call chaacter f| | specialization whereT is
printArray( c, cCoul char.

, const int count )

+)

} // end function printArray

return O;

46 } // end main

O 2003 Prentice Hall, Inc.
All rights reserved.



. Outline

figll Ol.cpp
output (1 of 1)
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Overloading Function Templates

« Related function-template specializations

— Same name
e Compiler uses overloading resolution

« Function template overloading

— Other function templates with same name
o Different parameters

— Non-template functions with same name
 Different function arguments

— Compiler performs matching process
 Triesto find precise match of function name and argument
types
o |If falls, function template

— Generate function-template specialization with precise
match

O 2003 Prentice Hall, Inc. All rights reserved.



Class Templates

o Stack
— LIFO (last-in-first-out) structure

o Classtemplates
— Generic programming
— Describe notion of stack generically
* |nstantiate type-specific version

— Parameterized types
 Require one or more type parameters

— Customize “generic class’ template to form class-template
specialization

O 2003 Prentice Hall, Inc. All rights reserved.
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/'l Fig. 11.2: tstackl.h
/'l Stack class tenplate.
#i f ndef TSTACK1_H
#defi ne TSTACK1_H

tenplate< class T >
class Stack {

publ i c:

A

Qutline

Specify class-template
definition; type parameter T
indicates type of St ack class
to be created.

\%

Stack( int = 10 ); // default constructor (stack size 10)

// destructor
~St ack()

{
delete [] stackPtr;

} // end ~Stack destructor

bool push( const T& ); [// push an el enent onto the stack
bool pop( T& ); /'l pop an el enment off the stack

Function parameters of type
T.

tstack1.h (1 of 4)
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/'l determ ne whether Stack is enpty
bool i sEnpty() const

{

return top == -1;

} // end function iskEnpty

[/ determ ne whether Stack is ful
bool isFull () const

{

return top == size - 1;

} // end function isFull

A

Outline

\%

private: Array of elements of typeT.
I nt size; Il # of S In tne srack
I nt top; I cation of the top el enent
T *stackPtr; / pointer to the stack

}; /1 end class Stack

tstack1.h (2 of 4)

O 2003 Prentice Hall, Inc.
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/! constructor
tenplate< class T >

A

Qutline

Stack< T >::Stack( int

size = s >
top =-1; [// initially e
stackPtr = new T[ size |; // alloc

} // end Stack constructor

Use

Constructor creates array of type T.

For example, compiler generates

stackPtr = new T[ size ];

for class-template specialization
St ack< doubl e >.

\%

tstackl.h (3 of 4)

/'l push el enent onto stack;
/'l if successful, retur
tenplate< class T >
bool

ue; ot

operator (: : ) with class-
template name (St ack< T >)
Stack< T >::push( const T &q totiedefinition to class

{ template s scope.

NMTT TCAT ] W\Jr-l\-l T OCOIOUTUALTVUTT

T >

if ( lisFull() ) {
stackPtr[ ++top ]
return true;

= pushVal ue;
/'l push successf ul

} // end if
return false;

/'l push unsuccessf ul

} /1 end function push

/'l place itemon Stack

O 2003 Prentice Hall, Inc.
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/'l pop elenment off stack;

[/ 1f successful, return true; otherwi se, return false

tenplate< class T >

{
if ( tisempty() ) {
popVal ue = stackPtr|[ t
return true; // pop succes

} /] end if
return false; // pop unsuccessful

} // end function pop

#endi f

bool Stack< T >::pop( T &pop

A

Outline

\%

Member function preceded
with header

Use binary scope resolution
operator (: : ) with class-
template name (St ack< T >)
to tie definition to class
template€ s scope.

tstackl.h (4 of 4)

O 2003 Prentice Hall, Inc.
All rights reserved.

13



/1
/1

usi
usi
usi

© 00 ~NOoO Ol WDN P

e =
B O

i nt
12 {
13

14

15

16

17

18

19

20

21

22

23

24

25

#i ncl ude "tstackl. h"

Fig. 11.3: figll 03.cpp
St ack-cl ass-tenpl ate test program

#i ncl ude <i ostreanr

ng std::cout;
ng std::cin;
ng std::endl;

mai n()

St ack< doubl e > doubl eStack( 5 );
doubl e doubl eval ue = 1. 1;

Link to class template
definition.

A

Qutline

\%

figll 03.cpp
(1 of 3)

/1 Stack class tenplate definitfian
| nstantiate object of class
St ack< doubl e >.

Invoke function push of

cout << "Pushing el ements ontg-doubl eSt class-templatespe0|allzat|on

St ack< doubl e >.

whi |l e ( doubl eSt ack. push( doubl evalue ) ) {

cout << doubl eval ue << '
doubl eVal ue += 1. 1;

} // end while

cout << "\nStack is full. Cannot push " << doubl eVal ue
<< "\ n\nPoppi ng el ements from doubl eSt ack\ n";

O 2003 Prentice Hall, Inc.
All rights reserved.
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whi |l e ( doubl eSt ack. pop( doubl eval ue ) )

cout << doubl eVal ue \

cout << "\nStack is enpty. Cannot pop\n

Stack< int > intStack;

L QOutline
\Y
Invoke function pop of class- | figll 03.cpp
template specialization (2 of 3)
St ack< doubl e >.

int intValue = 1;

cout << "\ nPushing elenents onto intStack\n";

while ( intStack. push( intValue ) ) {
cout << intValue << ' ';
++i nt Val ue;

} // end while

cout << "\nStack is full. Cannot push "

Note similarity of code for
St ack< 1 nt >tocodefor
St ack< doubl e >.

<< | nt Val ue

<< "\ n\nPoppi ng el ements fromintStack\n";

while ( intStack.pop( intValue ) )
cout << intValue <<

cout << "\nStack is enpty. Cannot pop\n"

return O;

O 2003 Prentice Hall, Inc.
All rights reserved.
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51
52 } // end main

Pushi ng el enents onto doubl eSt ack
1.1 2.2 3.34.45.5
Stack is full. Cannot push 6.6

Poppi ng el enents from doubl eSt ack
5.54.43.32.21.1
Stack is enpty. Cannot pop

Pushi ng el enents onto intStack
12345678910
Stack is full. Cannot push 11

Poppi ng el enents fromi nt St ack
10987654321
Stack is enpty. Cannot pop

A

Qutline

\%

figll 03.cpp
(3 0of 3)

figll 03.cpp
output (1 of 1)

O 2003 Prentice Hall, Inc.
All rights reserved.
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/[l Fig. 11.4: figll_04.cpp
/'l Stack class tenplate test

#i ncl ude <i ostreanv
usi ng std:: cout;

usi ng std::cin;
usi ng std::endl;

program Function main uses a
/1 function tenplate to mani pul ate objects of type Stack< T >.

#include "tstackl.h" // Stack class tenplate definition

/1 function tenplate to mani pul ate Stack< T >

tenplate< class T >

voi d testStack(
Stack< T > & heSt ack, Il
T val ue, Il
T i ncrenent, Il
const char *stackNanme ) //

reference to Stack< T >

initial value to push

i ncrenent for subsequent val ues
name of the Stack < T > object

cout << "\ nPushing elenments onto " << stackName << '\n';

while ( theStack. push( value ) ) {

cout << value << ' ';
val ue += i ncrenent;

} /1 end while

A
\%

figll O4.cpp
(1 of 2)

Qutline

17

Function template to manipulate
St ack< T > eliminatessimilar
code from previousfile for

St ack< doubl e >and
Stack< int >.

O 2003 Prentice Hall, Inc.
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cout << "\nStack is full.
<< "\ n\nPoppi ng el enrents from"

Cannot push "

whil e ( theStack. pop( value ) )
cout << value <<

<< val ue
<< stackName <<

cout << "\ nStack is enpty. Cannot pop\n";

} // end function testStack

i nt main()

{

St ack< doubl e > doubl eStack( 5 );
> | nt St ack;

St ack< int

test St ack( doubl eSt ack,

t est St ack(

return O;

} // end main

i nt St ack,

1,

1.
1,

1, 1.1, "doubl eStack" );

"I nt St ack"

),

‘\'n

A

Outline

\%

figll O4.cpp
(2 of 2)

O 2003 Prentice Hall, Inc.
All rights reserved.
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Pushi ng el enents onto doubl eSt ack
1.1 2.2 3.34.45.5
Stack is full. Cannot push 6.6

Poppi ng el enents from doubl eSt ack
5.54.43.32.21.1
Stack is enpty. Cannot pop

Pushi ng el enents onto intStack
12345678910
Stack is full. Cannot push 11

Poppi ng el enents fromi nt St ack
10987654321
Stack is enpty. Cannot pop

Note output identical to that
of figll 03. cpp.

L Outline
\
figll O4.cpp

output (1 of 1)

O 2003 Prentice Hall, Inc.
All rights reserved.
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Class Templates and Nontype Parameters

o Classtemplates

— Nontype parameters
o Default arguments
* Treated as consts
e Example:
tenplate< class T, int elenents >
St ack< doubl e, 100 > nost Recent Sal esFi gur es;
— Declares object of type St ack< doubl e, 100>

— Type parameter

« Default type

— Example:
tenplate< class T = string >

O 2003 Prentice Hall, Inc. All rights reserved.



&

Class Templates and Nontype Parameters

e Overriding class templates
— Class for specific type
» Does not match common class template
— Example:
t enpl at e<>
Cl ass Array< Martian > {
/| body of class definition

'

O 2003 Prentice Hall, Inc. All rights reserved.



Templates and Inheritance

o Several ways of relating templates and inheritance
— Class template derived from class-template specialization
— Class template derived from non-template class
— Class-template specialization derived from class-template
gpecialization
— Non-template class derived from class-template
gpecialization

O 2003 Prentice Hall, Inc. All rights reserved.



Templates and Friends

 Friendships between class template and

— Global function
— Member function of another class
— Entire class

O 2003 Prentice Hall, Inc. All rights reserved.



Templates and Friends

 friend functions
— Inside definition of t enpl ate< class T > class X
e friend void f1();

—f1() friend of dl classtemplate specializations
e friend void f2( X< T > & );
—f2( X< float > & ) friendof X< fl oat >only,
f2( X< double > & ) friendof X< doubl e >only,
f2( X<int > &) friendof X< int >only,

e friend void A :f4();

— Member function f 4 of class Af ri end of al classtemplate
specializations

O 2003 Prentice Hall, Inc. All rights reserved.



Templates and Friends

e fri end functions

— Inside definition of t enpl ate< class T > class X
e friend void &G T > :f5( X< T > &);

— Member function C<f | oat > : f5( X< float> & )
friendofclass X<fl oat>only

e fri end classes

— Inside definition of t enpl ate< class T > class X
e friend class Y;
— Every member function of Y friend of every class-template
specialization
e friend class Z<T>,

—cl ass Z<fl oat >fri end of class-template
specialization X<f | oat >, etc.

O 2003 Prentice Hall, Inc. All rights reserved.



Templates and static Members

* Non-template class
— st at 1 ¢ data members shared between all objects

o Class-template specialization
— Each has own copy of st at | ¢ data members
— st at i1 ¢ variablesinitialized at file scope
— Each has own copy of st at i ¢ member functions

O 2003 Prentice Hall, Inc. All rights reserved.
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Introduction

e Fixed-size data structures
— Arrays, structs

e Dynamic data structures

— Grow and shrink as program runs
— Linked lists
 |nsert/remove items anywhere
— Stacks
 |Insert/remove from top of stack
— Queues
o Likealine, insert a back, remove from front
— Binary trees
 High-speed searching/sorting of data

O 2003 Prentice Hall, Inc. All rights reserved.



Self-Referential Classes

o Sdf-referential class

— Has pointer to object of same class
— Link together to form useful data structures

o Lists, stacks, queues, trees

— Terminated with NULL pointer

Data member

‘\

and pointer

NULL pointer (points to nothing)

O 2003 Prentice Hall, Inc. All rights reserved.




Self-Referential Classes

o Sample code

cl ass Node {
publ i c:
Node( int );
void setData( int );
I nt getData() const;
voi d set NextPtr( Node * );
const Node *get NextPtr() const;

private:
I nt dat a;
Node *nextPtr:
}s

* Pointer to object called alink
— next Pt r pointstoa Node

O 2003 Prentice Hall, Inc. All rights reserved.



Dynamic Memory Allocation and Data
Structures

« Dynamic memory allocation

— Obtain and release memory during program execution
— Create and remove nodes

e Operator new

— Takestype of object to create

— Returns pointer to newly created object
* Node *newPtr = new Node( 10 );

 Returnsbad al | oc if not enough memory
» 10 isthe node's object data

O 2003 Prentice Hall, Inc. All rights reserved.



Dynamic Memory Allocation and Data
Structures

e Operator del et e
— del ete newPtr;
— Deallocates memory allocated by new, calls destructor

— Memory returned to system, can be used in future
 newPt r not deleted, only the space it points to

O 2003 Prentice Hall, Inc. All rights reserved.



Linked Lists

o Linked list
— Collection of self-referential class objects (nodes) connected
by pointers (links)
— Accessed using pointer to first node of list
 Subseguent nodes accessed using the links in each node
— Link inlast nodeis null (zero)
 Indicates end of list
— Data stored dynamically
» Nodes created as necessary
* Node can have data of any type

O 2003 Prentice Hall, Inc. All rights reserved.



Linked Lists

firstPtr

O 2003 Prentice Hall, Inc. All rights reserved.




Linked Lists

e Linked listsvs. arrays

— Arrays can become fulll
» Allocating "extra" spacein array wasteful, may never be used
 Linked lists can grow/shrink as needed
 Linked lists only become full when system runs out of memory
— Linked lists can be maintained in sorted order
 Insert element at proper position
 EXisting elements do not need to be moved

O 2003 Prentice Hall, Inc. All rights reserved.



Linked Lists

o Selected linked list operations

— Insert node at front
— Insert node at back
— Remove node from front
— Remove node from back

 Infollowing illustrations
— ListhasfirstPtr andl astPtr

— (@) iIsbefore, (b) is after

O 2003 Prentice Hall, Inc. All rights reserved.



Insert at front

11

11

a) firstpPtr
. 7
newPt r
. 12
b) firstPtr
7
“
wPt r
- 12
firstPtr = newPtr
If list empty, then
firstPtr = lastPtr = newPtr

O 2003 Prentice Hall, Inc. All rights reserved.

newPt r - >next Ptr

= firsthPtr




Insert at back

O 2003 Prentice Hall, Inc. All rights reserved.

a) firstPtr | ast Ptr newPt r
| Vo
12 | o . 11 5
by firstPtr | ast Ptr newPt r
1 i \
\ )
12 | o o 11| S
|
| ast Pt r->nextPtr = newPtr
| ast Ptr newPt r
If list empty, then
firstPtr = [astPtr = newPtr




Remove from front

a) firstPtr [ astPtr
®
12 o 7 o 11 o 5
b) firstPtr | astPtr
.\\
tenpPtr = firstPtr T~
\\\A
12 | 4 7 | 4 11 | o 5

//'
' 4

firstPtr = firstPtr->next

If there are no more nodes,
firstPtr = lastPtr = 0

del ete tenmpPtr

O 2003 Prentice Hall, Inc. All rights reserved.



nmowvin froaom hael,

"Walk" list until get next-to-last node, until

current Ptr

currentPtr->nextPtr = [astPtr
a) firstptr | ast Ptr
12 | o 7 - 11 - 5
b) firstPtr currentPtr | astPtr
% . .
\ //
\ I_A// >
12 | o 7 - 11| - 5
Ve
<
//
—_ /
tempPtr = lastPtr [—u
o | ast Ptr
tempPtr

O 2003 Prentice Hall, Inc. All rights reserved.

del ete tempPtr




Linked Lists

e Upcoming program has two class templates

— Create two class templates

— Li st Node
« dat a (type depends on class template)
e nextPtr

— L1 st
o Linkedlistof Li st Node objects

 List manipulation functions
— I nsert At Front
— I nsert At Back
— renovekr onfr ont
— renovelFr onBack

O 2003 Prentice Hall, Inc. All rights reserved.
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/'l Fig. 17.3: listnode.h

/'l Tenpl ate Li st Node cl ass definition.

#i f ndef LI STNODE_H
#defi ne LI STNODE_H

[/ forward decl aration of class List

t enpl at e< cl ass NODETYPE > cl ass Li st

t enpl at e< cl ass NODETYPE>
cl ass Li st Node {
friend class List< NODETYR /1
publ i c:
Li st Node( const NODEAYPE & ); [/

NODETYPE get Dat a( )/ const; I
private:
NODETYPE dat a; I

Li st Node< NODETYPE > *nextPtr; [/

}; /1 end class ListNode

The type of member dat a
depends on how the class
template is used.

Template classLi st Node.

make List a friend

construct or
return data i n node

dat a
next node in |ist

L Outline
\
listhode.h (1 of 2)

O 2003 Prentice Hall, Inc.
All rights reserved.
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/'l constructor

t enpl at e< cl ass NODETYPE>

Li st Node< NODETYPE >:: Li st Node( const NODETYPE & nfo )
data( info ),
nextPtr( 0 )

/1 enpty body
} // end ListNode constructor
/'l return copy of data in node

t enpl at e< cl ass NODETYPE >
NODETYPE Li st Node< NODETYPE >:: get Dat a() const

{
return data;

} // end function getData

#endi f

A

Outline

\%

listhode.h (2 of 2)

O 2003 Prentice Hall, Inc.
All rights reserved.
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/1l Fig. 17.4: list.h

/1 Tenplate List class definition.
#i fndef LIST H

#define LIST_H

#i ncl ude <i ostreanr

usi ng std:: cout;

#i ncl ude <new>
#i nclude "listnode. h" [/ ListNode class definition

t enpl at e< cl ass NODETYPE >
class List {

publ i c:
List(); /'l constructor
~List(); /'l destructor
void insertAtFront( const NODETYPE & );
void insert At Back( const NODETYPE & );
bool renmoveFrontront ( NODETYPE & );
bool renoveFronBack( NCDETYPE & );
bool isEnmpty() const;
void print() const;

A Outline
\V4
list.h (1 of 9)

O 2003 Prentice Hall, Inc.
All rights reserved.
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private:
Li st Node< NODETYPE > *firstPtr; // pointer to first node
Li st Node< NODETYPE > *| astPtr; /1l pointer to | ast node

/[l utility function to all acate new node
Li st Node< NODETYPE > *get Ne de( const NODETYPE & );

}; 1/ end class List EachLi st hasafirstPtr
andl astPtr.

[/ default constructor

t enpl at e< cl ass NODETYPE >
Li st < NODETYPE >:: List()
firstPtr( 0 ),

lastPtr( 0 )

/'l enpty body

} // end List constructor

A Outline
\V4
list.h (2 of 9)

O 2003 Prentice Hall, Inc.
All rights reserved.
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45 // destructor A Outline 46
46 tenpl ate< cl ass NODETYPE >

47 List< NODETYPE >:: ~List() v
48 { .
49 if ( lisEnpty() ) { I/ List is not enpty list.h (3 of 9)
50 cout << "Destroying nodes ...\n";

51

52 Li st Node< NODETYPE > *currentPtr = firstPtr;

53 Li st Node< NODETYPE > *tenpPtr;

54

55 while ( currentPtr '=0) { // delete remining nodes

56 tenpPtr = currentPtr;

57 cout << tenpPtr->data << '\n';

58 currentPtr = currentPtr->nextPtr;

59 del ete tenpPtr;

60

61 } /1 end while

62

63 } /1 end if

64

65 cout << "All nodes destroyed\n\n";

66

67 } // end List destructor

68

O 2003 Prentice Hall, Inc.
All rights reserved.
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[/ insert node at front of |i st
t enpl at e< cl ass NODETYPE >

voi d List< NODETYPE >::insertAtFront( const NODETYPE &val ue )

{
Li st Node< NODETYPE > *newPtr = get

if ( isEmpty() ) // List is enpty
firstPtr = lastPtr = newPtr;

else { // List is not enpty
newPtr->nextPtr = firstPtr;
firstPtr = newPtr;

} // end el se

} // end function insertAtFront

wNode( val ue );

A Outline
\V4
list.h (4 of 9)

Insert a new node as
described in the previous
diagrams.

O 2003 Prentice Hall, Inc.
All rights reserved.
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/'l insert node at back of Iist
t enpl at e< cl ass NODETYPE >
voi d List< NODETYPE >::insertAtBack( const NODETYPE &val ue )

{
Li st Node< NODETYPE > *newPtr = get NewNode( val ue );

if ( isEmpty() ) // List is enpty
firstPtr = lastPtr = newPtr;

else { // List is not enpty
lastPtr->nextPtr = newPtr ;
|lastPtr = newpPtr;

} // end el se

} // end function insertAtBack

A Outline
\V4
list.h (5 of 9)

O 2003 Prentice Hall, Inc.
All rights reserved.
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103 // del ete node fromfront of |ist
104 t enpl at e< cl ass NODETYPE >
105 bool List< NODETYPE >::renoveFronFront( NODETYPE &val ue )

106 {

107 if ( iseEmpty() ) // List is enpty

108 return false; [/ delete unsuccessful
109

110 el se {

111 Li st Node< NCDETYPE > *tenpPtr = firstbPtr;
112

113 if ( firstPtr == lastbPtr )

114 firstPtr = lastPtr = O;

115 el se

116 firstPtr = firstPtr->nextPtr;

117

118 value = tenpPtr->data; // data being renoved
119 delete tenpPtr;

120

121 return true;, // delete successful
122

123 } /1 end else

124

125} // end function renoveFronfront

126

A Outline
\V4
list.h (6 of 9)

O 2003 Prentice Hall, Inc.
All rights reserved.
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127 // del ete node from back of I|i st A Outline %0
128 t enpl at e< cl ass NODETYPE >

129 bool List< NODETYPE >::renoveFronBack( NODETYPE &val ue ) v
130 { .
131 f (i sEmpty() ) list.h (7 of 9)
132 return false; [/ delete unsuccessful

133

134 el se {

135 Li st Node< NODETYPE > *tenpPtr = lastPtr;

136

137 if ( firstPtr == lastbPtr )

138 firstPtr = lastPtr = O;

139 el se {

140 Li st Node< NODETYPE > *currentPtr = firstPtr;

141

142 /'l | ocate second-to-|ast el enent

143 while ( currentPtr->nextPtr != lastPtr )

144 currentPtr = currentPtr->nextPtr;

145

146 lastPtr = currentPtr;

147 currentPtr->nextPtr = 0;

148

149 } /'l end else

150

151 val ue = tenpPtr - >dat a;

152 delete tenpPtr;

153

O 2003 Prentice Hall, Inc.
All rights reserved.



5l
154 return true; // delete successful A .
QOutline

155

156 } // end el se v

157 .

158 } // end function renoveFronBack list.h (8 of 9)

159

160 // is List enpty?
161 t enpl at e< cl ass NODETYPE >
162 bool List< NODETYPE >::isEnpty() const

163 {
164 return firstPtr == 0;
165
166 } // end function isEnpty
167

Note use of new operator to

168 // return pointer to newy allocated node )
dynamically allocate a node.

169 t enpl at e< cl ass NODETYPE >

170 Li st Node< NODETYPE > *Li st< NODETYPE > get NewNode(
171 const NODETYPE &val ue )

172 {

173 return new Li st Node< NODETYPE >( val ue );

174

175} // end function get NewNode

176

O 2003 Prentice Hall, Inc.
All rights reserved.



177
178
179
180
181
182
183
184
185
186
187
188
189
190
191
192
193
194
195
196
197
198
199
200
201

/'l display contents of List
t enpl at e< cl ass NODETYPE >
voi d List< NODETYPE >::print() const

{

if ( isEmpty() ) {
cout << "The list is enmpty\n\n";
return;

} /1 end if

Li st Node< NODETYPE > *currentPtr = firstPtr;

cout << "The list is: ";

while ( currentPtr !'=0) {
cout << currentPtr->data << ' ';
currentPtr = currentPtr->nextPtr;

} // end while

cout << "\n\n";

} // end function print

#endi f

A Outline
\V4
list.h (9 of 9)

O 2003 Prentice Hall, Inc.
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/1l Fig. 17.5: figl7_05.cpp
/'l List class test program
#i ncl ude <i ostreanp

usi ng std::cin;
usi ng std::endl;

#i ncl ude <string>

usi ng std::string;

A

Qutline

\%

Program to give user a menu
to add/remove nodes from a
list.

#include "list.h" [/ List class definition

[/ function to test a List
tenplate< class T >

void testList( List< T > & istObject,

{

cout << "Testing a List of

<< typeNane << " val ues\n";

instructions(); // display instructions

i nt choi ce;
T val ue;

const string &typeNane )

figl7_05.cpp
(1 of 4)

O 2003 Prentice Hall, Inc.
All rights reserved.
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25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50

do {
cout << "? ":
ci n >> choi ce;

switch ( choice ) {
case 1:
cout << "Enter " << typeNane << ": ";
cin >> val ue;
i stCbject.insertAtFront( value );
listQoject.print();
br eak;

case 2:
cout << "Enter " << typeNane << ": ";
cin >> val ue;
| i st Obj ect.insertAtBack( value );
listQoject.print();
br eak;

case 3:
if ( listCbject.removeFronfFront ( value ) )
cout << value << "

listQoject.print();
br eak;

A

Outline

\%

renoved fromlist\n";

figl7_05.cpp
(2 of 4)

O 2003 Prentice Hall, Inc.

All rights reserved.
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54
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56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76

case 4:

} 1

} while

cout <<

if ( IistQbject.renoveFronBack( value ) )
cout << value << " renoved fromlist\n";

listCbject.print();
br eak;

end switch

( choice '=5); [/ end do/while

"End |list test\n\n";

} // end function testlList

/'l display programinstructions to user
voi d instructions()

{

cout <<
<<
<<
<<
<<
<<

"Enter one of the follow ng:\n"

1 to insert at beginning of list\n"

2 to insert at end of list\n"

3 to delete from begi nning of |ist\n"
" 4 to delete fromend of |ist\n"

" 5 to end list processing\n";

} // end function instructions

A

Outline

\%

figl7_05.cpp
(30f 4)

O 2003 Prentice Hall, Inc.
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78
79
80
81
82
83
84
85
86
87
88
89

i nt

{

mai n()

/1 test List of int values
List< int > integerlList;
testList( integerList, "integer" );

[/ test List of double val ues
Li st < doubl e > doubl eLi st ;

testList( doubleList, "double" );

return O;

90 } // end main

A

Outline

\%

figl7_05.cpp
(4 of 4)

O 2003 Prentice Hall, Inc.
All rights reserved.
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Testing a List of integer val ues
Enter one of the foll ow ng:
1 to insert at beginning of I|ist
2 toinsert at end of I|ist
3 to delete from begi nning of I|ist
4 to delete fromend of |ist
5to end |list processing
?1
Enter integer: 1
The list is: 1

? 1
Enter integer: 2
The list is: 21

? 2
Enter integer: 3
The list is: 2 1 3

? 2
Enter integer: 4
The list is: 2134

A

Qutline

\%

figl7_05.cpp
output (1 of 4)

O 2003 Prentice Hall, Inc.
All rights reserved.
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. Outline

figl7_05.cpp
output (2 of 4)
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Testing a List of double val ues
Enter one of the foll ow ng:
1 to insert at beginning of I|ist
2 toinsert at end of I|ist
3 to delete from begi nning of I|ist
4 to delete fromend of |ist
5to end |list processing
?1
Enter double: 1.1
The list is: 1.1

?21
Enter double: 2.2
The list is: 2.2 1.1

? 2
Enter double: 3.3
The list is: 2.2 1.1 3.3

? 2
Enter double: 4.4
The list is: 2.2 1.1 3.3 4.4

? 3
2.2 renoved fromli st
The list is: 1.1 3.3 4.4

A

Qutline

\%

figl7_05.cpp
output (3 of 4)

O 2003 Prentice Hall, Inc.
All rights reserved.
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. Outline

figl7_05.cpp
output (4 of 4)
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Linked Lists

o Typesof linked lists
— Singly linked list (used in example)
 Pointer to first node
» Travel in one direction (null-terminated)
— Circular, singly-linked
» Asabove, but last node pointsto first
— Doubly-linked list

» Each node has aforward and backwards pointer
* Travel forward or backward
e Last node null-terminated

— Circular, double-linked
» Asabove, but first and last node joined

O 2003 Prentice Hall, Inc. All rights reserved.



Stacks

e Stack

— Nodes can be added/removed from top
e Constrained version of linked list
o Likeastack of plates

— Last-in, first-out (LIFO) data structure
— Bottom of stack has null link

o Stack operations

— Push: add node to top

— Pop: remove node from top
e Storesvaue in reference variable

O 2003 Prentice Hall, Inc. All rights reserved.



Stacks

o Stack applications

— Function calls: know how to return to caller

 Return address pushed on stack

e Most recent function call on top
 |If function A callsB whichcalsC: | A

> W

> WO

> @

— Used to store automatic variables
 Popped of stack when no longer needed

— Used by compilers
e Examplein the exercises in book

O 2003 Prentice Hall, Inc. All rights reserved.




Stacks

e Upcoming program
— Create stack from list
i nsert At Front, renoveFr onfr ont
— Software reusability

e |nheritance
— Stack inherits from Li st

e Composition
— Stack containsaprivate Li st object
— Performs operations on that object
— Makes stack implementation simple

O 2003 Prentice Hall, Inc. All rights reserved.
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// Fig. 17.10: stack.h A Outline
/] Tenplate Stack class definition derived fromclass List.
#i f ndef STACK_H V
#defi ne STACK H
St ack inheritsfromLi st . stack.h (1 of 2)

#i nclude "list.h" [/ List class definition

t enpl at e< cl ass STACKTYPE >
cl ass Stack : private List< STACKTYPE > {

publ i c:
/'l push calls List function insertAtFront
voi d push( const STACKTYPE &data )

{
insert At Front ( data );

} /1 end function push

/1 pop calls List function renoveFronfront
bool pop( STACKTYPE &data )

{

return renoveFronFront ( data );

} // end function pop

Define push and pop, which call
| nsert At Front and
renmovekr onfr ont .

O 2003 Prentice Hall, Inc.
All rights reserved.
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26 /'l isStackEnpty calls List function i sEnpty
27 bool isStackEnpty() const

28 {

29 return i senmpty();

30

31 } // end function isStackEnpty

32

33 /'l printStack calls List function print
34 void printStack() const

35 {

36 print();

37

38 } // end function print

39

40 }; /1 end class Stack

41

42 #endi f

A Outline
\V4
stack.h (2 of 2)

O 2003 Prentice Hall, Inc.
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i nt

/[l Fig. 17.11: figl7_11.cpp
/'l Tenplate Stack class test program
#i ncl ude <i ostreanp

usi ng std::endl;

#i nclude "stack.h" [/ Stack class definition

mai n()
Stack< int > intStack; // create Stack of ints
cout << "processing an integer Stack" << endl;
/1l push integers onto intStack
for (int i =0; i <4; i++) {

i nt St ack. push( i );

i nt St ack. printStack();

} // end for

/1l pop integers fromintStack
I nt popl nt eger;

A

Outline

\%

figl7_11.cpp
(1 of 3)

O 2003 Prentice Hall, Inc.
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26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44

while ( 'intStack.isStackEnpty() ) {
i nt St ack. pop( popl nteger );
cout << poplnteger << " popped from stack" << endl;
i nt St ack. printStack();

} // end while

St ack< doubl e > doubl eStack; // create Stack of doubl es
doubl e value = 1.1;

cout << "processing a double Stack" << endl ;

/'l push floating-point val ues onto doubl eSt ack
for (int j =0; j< 4 j++) {
doubl eSt ack. push( val ue );
doubl eSt ack. pri nt St ack() ;
val ue += 1. 1;

} /1 end for

A

Outline

\%

figl7_11.cpp
(2 of 3)

O 2003 Prentice Hall, Inc.
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52
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55
56

/'l pop floating-point values from doubl eSt ack
doubl e popDoubl e;

whil e ( !doubl eStack.isStackEmpty() ) {
doubl eSt ack. pop( popDoubl e );
cout << popDouble << " popped from stack"” << endl;
doubl eSt ack. pri nt Stack();

} // end while

return O;

57 } // end main

A

Outline

\%

figl7_11.cpp
(3 0of 3)

O 2003 Prentice Hall, Inc.
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processing an integer Stack
The list is: O

The list is: 10
The list is: 2 10
The list is: 3210

3 popped from st ack
The list is: 210

2 popped from stack
The list is: 10

1 popped from stack
The list is: O

0 popped from stack
The list is enpty

processing a doubl e Stack
The list is: 1.1

The list is: 2.2 1.1

The list is: 3.3 2.2 1.1

-~ Outline
\
figl7_11.cpp

output (1 of 2)

O 2003 Prentice Hall, Inc.
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. Outline

figl7 11.cpp
output (2 of 2)
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/'l Fig. 17.12: stackconposition.h

/| Tenplate Stack class definition with
#i f ndef STACKCOWPCSI TI ON

#defi ne STACKCOWPCSI TI ON

conposed List object.

A

Qutline

\%

#i nclude "list.h" [/ List class defij

tenpl at e< cl ass STACKTYPE >

Alternative implementation of
st ack. h,using
composition.

cl ass Stack {

publ i c:

// no constructor; List constructor

DeclareaprivateLi st

member, use to manipulate
stack.

/1l push calls stack
voi d push( cons}~STACKTYPE &dat a )

stackList.insertAtFront( data );

} /1 end function push

st object's insertAtFront function

/'l pop calls stackList object's renmoveFronfFront function

bool pop( STACKTYPE &data )
{

return stackLi st.renmoveFronfront (

} // end function pop

data );

stackcomposition.h
(1 of 2)

O 2003 Prentice Hall, Inc.
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28 /'l isStackEnpty calls stackList object's isEnpty function A 3

29 bool isStackEnpty() const Outllne
30 { v

31 return stackList.isEmpty(); stackcomposition.h
32

33 } // end function isStackEnpty (2 of 2)

34

35 /'l printStack calls stackList object's print function

36 void printStack() const

37 {

38 stackList.print();

39

40 } // end function printStack

41

42 private:

43 Li st< STACKTYPE > stackList; // conposed List object

44

45 }; /] end class Stack

46

47 #endif

O 2003 Prentice Hall, Inc.
All rights reserved.



Queues

 Queue
— Likewaiting inline
— Nodes added to back (tail), removed from front (head)
— First-in, first-out (FIFO) data structure
— Insert/remove called enqueue/dequeue
e Applications
— Print spooling
« Documents wait in queue until printer available
— Packets on network
— File requests from server

O 2003 Prentice Hall, Inc. All rights reserved.



Queues

e Upcoming program
— Queue implementation
— ReuselLi st asbefore

i nsert At Back (enqueue)
 renovefFronfront (dequeue)

O 2003 Prentice Hall, Inc. All rights reserved.
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/1l Fig. 17.13: queue.h

/] Tenpl ate Queue class definition derived fromclass List.
#i f ndef QUEUE_H

#defi ne QUEUE H

A

Qutline

\%

Inherit from template class
Li st.

#i nclude "list.h" [/ List class definitiron

tenpl at e< cl ass QUEUETYPE >

queue.h (1 of 2)

cl ass Queue : private List< QUEUETYPE > . .
P { Reuse the appropriateLi st

publ i c: functions.

/| enqueue calls List functi i nsert At Back
voi d enqueue( const QUEUETYPE &dat a

{

i nsert At Back( data );

} // end function enqueue

/| dequeue calls List functi/on renoveFronfront
bool dequeue( QUEUETYPE &data )

{

return renoveFronFront ( data );

} // end function dequeue

O 2003 Prentice Hall, Inc.
All rights reserved.
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26 /'l 1sQueueEnpty calls List function i sEnpty
27 bool isQueueEnpty() const

28 {

29 return i senmpty();

30

31 } // end function i sQueueEnpty

32

33 /'l printQueue calls List function print
34 voi d printQueue() const

35 {

36 print();

37

38 } // end function printQeue

39

40 }; /1 end class Queue

41

42 #endi f

A Outline
Vv
gueue.h (2 of 2)

O 2003 Prentice Hall, Inc.
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i nt

/[l Fig. 17.14: figl7_14.cpp
/'l Tenpl ate Queue cl ass test program
#i ncl ude <i ostreanp

usi ng std::endl;

#i ncl ude "queue. h" // Queue class definition

mai n()
Queue< int > intQueue; // create Queue of ints
cout << "processing an integer Queue" << endl;
/'l enqueue integers onto intQueue
for (int i =0; i <4; i++) {
i nt Queue. enqueue( 1 );
i nt Queue. pri nt Queue();

} // end for

/'l dequeue integers fromintQueue
i nt dequeuel nt eger;

A

Outline

\%

figl7_14.cpp
(1 of 3)
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while ( 'intQueue.isQueueEnpty() ) {
i nt Queue. dequeue( dequeuel nt eger );
cout << dequeuel nteger << " dequeued" << endl

i nt Queue. pri nt Queue();
} // end while

Queue< doubl e > doubl eQueue; // create Queue of doubles
doubl e value = 1.1;

cout << "processing a double Queue" << endl ;

/'l enqueue fl oating-point val ues onto doubl eQueue
for (int j =0; j< 4, j++ ) {

doubl eQueue. enqueue( val ue );

doubl eQueue. pri nt Queue();

val ue += 1. 1;

} /1 end for

A

Outline

\%

figl7_14.cpp
(2 of 3)
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/| dequeue floating-point values from doubl eQueue
doubl e dequeueDoubl e;

whil e ( !doubl eQueue. i sQueueEnmpty() ) {
doubl eQueue. dequeue( dequeueDoubl e );

cout << dequeueDoubl e << " dequeued" << endl;
doubl eQueue. pri nt Queue();

} // end while

return O;

57 } // end main

A

Outline

\%

figl7_14.cpp
(3 0of 3)
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. Outline

figl7 14.cpp
output (1 of 2)
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. Outline

figl7 14.cpp
output (2 of 2)
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Trees

e Linear data structures
— Lists, queues, stacks
e Trees

— Nonlinear, two-dimensional

— Tree nodes have 2 or more links

— Binary trees have exactly 2 links/node
* None, both, or one link can be null

O 2003 Prentice Hall, Inc. All rights reserved.



Trees

e Terminology

— Root node: first node on tree

— Link refersto child of node
o Leftchildisroot of left subtree
* Right child isroot of right subtree

— Leaf node: node with no children
— Trees drawn from root downwards

?
v

B

O 2003 Prentice Hall, Inc. All rights reserved.



Trees

e Binary searchtree

— Valuesin left subtree less than parent node

— Values in right subtree greater than parent
» Does not allow duplicate values (good way to remove them)

— Fast searches, log,n comparisons for a balanced tree

/47\
25 YA
/\ /\
AN R >
7 17 31 44 8

O 2003 Prentice Hall, Inc. All rights reserved.



Trees

 |nserting nodes

— Userecursive function
— Begin at root
— If current node empty, insert new node here (base case)
— Otherwise,

o |f value > node, insert into right subtree

* |If value < node, insert into left subtree

e If neither > nor <, must be =

— Ignore duplicate

O 2003 Prentice Hall, Inc. All rights reserved.



Trees

e Treetraversals

— In-order (print tree values from least to greatest)
» Traverse left subtree (call function again)
* Print node
o Traverse right subtree
— Preorder
* Print node
o Traverse left subtree
* Traverseright subtree
— Postorder
o Traverseleft subtree
o Traverserigth subtree
* Print node

O 2003 Prentice Hall, Inc. All rights reserved.



Trees

e Upcoming program
— Create 2 template classes
— Tr eeNode
e dat a
e lefthtr
e rightpPtr
— Tree
e root Ptr

e Functions
— I nsert Node
— 1 nOrder Traver sal
— preOrder Traver sal
— post Or der Tr aver sal

O 2003 Prentice Hall, Inc. All rights reserved.
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/'l Fig. 17.17: treenode. h

/'l Tenpl ate TreeNode cl ass definition.
#i f ndef TREENODE H

#def i ne TREENODE H

[/ forward decl arati on of class Tree
t enpl at e< cl ass NODETYPE > cl ass Tree;

t enpl at e< cl ass NODETYPE >
cl ass TreeNode {
friend class Tree< NODETYPE >;

A

Outline

\%

publ i c:

/] constructor

Binary trees have two
pointers.

Tr eeNode( const NODET &d )
leftPtr( 0 ),
data( d ),
rightPtr( 0 )

/'l enmpty body

} // end TreeNode constructor

treenode.h (1 of 2)

O 2003 Prentice Hall, Inc.
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25 /'l return copy of node's data A Outline 0
26 NODETYPE get Dat a() const

27 { v

22 FEREII CElee treenode.h (2 of 2)
30 } // end getData function

31

32 private:

33 TreeNode< NCDETYPE > *|leftPtr; // pointer to |left subtree

34 NCDETYPE dat a;

35 TreeNode< NODETYPE > *rightPtr; // pointer to right subtree

36

37 }; Il end class TreeNode

38

39 #endif

O 2003 Prentice Hall, Inc.
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/'l Fig. 17.18: tree.h

/1l Tenplate Tree class definition.
#i f ndef TREE H

#define TREE H

#i ncl ude <i ostreanr

usi ng std::endl;

#i ncl ude <new>
#i ncl ude "treenode. h"

t enpl at e< cl ass NODETYPE >
class Tree {

publ i c:
Tree();
voi d insertNode( const NCDETYPE & );
void preOrderTraversal () const;
void i nOrderTraversal () const;
voi d post Order Traversal () const;

private:
Tr eeNode< NODETYPE > *root Ptr;

A

Outline

\%

tree.h (1 of 6)
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48
49
50

/1 utility functions
voi d i nsert NodeHel per(
TreeNode< NODETYPE > **|

const NODETYPE & );

voi d preOrderHel per ( TreeNode< NODETYPE > * ) const;
void i nOrder Hel per( TreeNode< NCODETYPE > * ) const;
voi d post Order Hel per( TreeNode< NODETYPE > * ) const;

}; I/ end class Tree

/'l constructor
t enpl at e< cl ass NODETYPE >
Tree< NODETYPE >:: Tree()

{
rootPtr = O;

} // end Tree constructor

/'l insert node in Tree
t enpl at e< cl ass NODETYPE >

voi d Tree< NODETYPE >::insertNode( const

{
I nsert NodeHel per ( &rootPtr,

} // end function insertNode

val ue );

NCODETYPE

&val ue )

A

Outline

\%

tree.h (2 of 6)
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/1 utility function called by insertNode; receives a pointer
/Il to a pointer so that the function can nodify pointer's val ue
t enpl at e< cl ass NODETYPE >
voi d Tree< NODETYPE >::insert NodeHel per(
Tr eeNode< NODETYPE > **ptr, const NODETYPE &val ue )

/'l subtree is enpty; create new TreeNode contai ning val ue
if ( *ptr == 0)
*ptr = new TreeNode< NODETYPE >( val ue );

else // subtree is not empty
/'l data to insert is |ess than data in current node
if ( value < ( *ptr )->data )
i nsert NodeHel per( & ( *ptr )->leftPtr ), value );
el se
/'l data to insert is greater than data in current node
if ( value > ( *ptr )->data )

i nsert NodeHel per( & ( *ptr )->rightPtr ), value );

else // duplicate data val ue ignored
cout << value << " dup" << endl;

} // end function insertNodeHel per

A
\%

tree h (R of RA)

Qutline

93

Recursive function to insert a
new node. If the current node
is empty, insert the new node
here.

If new value greater than
current node (pt r ), insert
into right subtree.

If less, insert into |eft subtree.

If neither case applies, nodeis
a duplicate -- ignore.
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/'l begin preorder traversal of Tree
t enpl at e< cl ass NODETYPE >

voi d Tree< NODETYPE >::preOrderTraversal () const

{
preOrder Hel per( rootPtr );

} // end function preOrderTraversal

/1 utility function to perform preorder traversal of Tree

t enpl at e< cl ass NODETYPE >
voi d Tree< NODETYPE >:: preQOrder Hel per (
Tr eeNode< NCDETYPE > *ptr ) const

if ( ptr '=0) {
cout << ptr->data << ' ';
preCrderHel per( ptr->leftPtr );
preOrderHel per( ptr->rightPtr );

} // end if

} // end function preO derHel per

A

Outline

\%

tree.h (4 of 6)

Preorder: print, left, right

/'l process node
/'l go to left subtree
/[l go to right subtree
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100 // begin inorder traversal of Tree A %

101 tenpl ate< cl ass NODETYPE > QOutline
102 voi d Tree< NODETYPE >::inOrderTraversal () const v
103 {
ree.h f
104 i nOr der Hel per( rootPtr ); tree (50 6)
105
106 } // end function inOrderTraversal
107

108 // wutility function to performinorder traversal of Tree
109 t enpl at e< cl ass NODETYPE >

110 voi d Tree< NODETYPE >::i nOrder Hel per (
111 Tr eeNode< NODETYPE > *ptr ) const

In order: left, print, right

112 {

113 if ( ptr '=0) {

114 i nOrder Hel per( ptr->leftPtr ); /'l go to left subtree
115 cout << ptr->data << ' '; /'l process node

116 i nOrder Hel per( ptr->rightPtr ); // go to right subtree
117

118 } /] end if

119

120 } // end function inOrderHel per

121

O 2003 Prentice Hall, Inc.
All rights reserved.



122 // begin postorder traversal of Tree A Outline
123 t enpl at e< cl ass NODETYPE >
124 voi d Tree< NODETYPE >::post Order Traversal () const v

125 {

126 post Order Hel per ( rootPtr );

127

128 } // end function postO derTraversal
129

tree.h (6 of 6)

130 // wutility function to perform postorder traversal of Tree

131 tenpl at e< cl ass NODETYPE >
132 voi d Tree< NODETYPE >::post O der Hel per(
133 Tr eeNode< NODETYPE > *ptr ) const

134 {

135 if ( ptr '=0) {

136 post Order Hel per ( ptr->leftPtr );
137 post Order Hel per ( ptr->rightPtr );
138 cout << ptr->data << ' ';

139

140 } /1 end if

141

142 } // end function post O derHel per
143
144 #endi f

Postorder: left, right, print

/1 go to left subtree
/1l go to right subtree
/| process node
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/[l Fig. 17.19: figl7_19.cpp
/'l Tree class test program
#i ncl ude <i ostreanp

usi ng std:: cout;
usi ng std::cin;
usi ng std::fixed;

#i ncl ude <i omani p>
usi ng std::setprecision;

#i ncl ude "tree.h" [/ Tree class definition

i nt main()

{

Tree< int > intTree; [// create Tree of

i nt intVal ue;

cout << "Enter 10 integer values:\n";

for( int i =0; i < 10;
ci n >> intVal ue;

i nt Tree. i nsertNode( intValue );

} // end for

I ++ ) {

A

Outline
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i nt val ues

figl7_19.cpp
(1 of 3)
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cout << "\ nPreorder traversal\n";
i nt Tree. preOrder Traversal () ;

cout << "\nlnorder traversal \n";
i nt Tree.i nOrder Traversal () ;

cout << "\ nPostorder traversal\n";
I nt Tree. post Order Traversal ();

Tr ee< doubl e > doubl eTree; [/ create Tree of doubl e val ues
doubl e doubl eVal ue;

cout << fixed << setprecision( 1)
<< "\ n\n\ nEnter 10 doubl e val ues:\n";

for (int j =0; j <10; j++ ) {
ci n >> doubl eVal ue;
doubl eTree. i nsert Node( doubl evVal ue );

} // end for

cout << "\ nPreorder traversal\n";
doubl eTree. preOrder Traversal ();

A

Outline

\%

figl7_19.cpp
(2 of 3)
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cout << "\'nlnorder traversal\n";
doubl eTree. i nOrder Traversal () ;

cout << "\ nPostorder traversal\n";
doubl eTree. post Order Traversal () ;

cout << endl;

return O;

61 } // end nmain

A

Outline
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figl7_19.cpp
(3 0of 3)
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Enter 10 integer val ues: A Outline 100
50 25 75 12 33 67 88 6 13 68 v
Preorder traversal figl7_19.cpp

50 25 12 6 13 33 75 67 68 88
| norder traversal

6 12 13 25 33 50 67 68 75 88
Post order traversal

6 13 12 33 25 68 67 88 75 50

output (1 of 1)

Enter 10 doubl e val ues:
39.2 16.5 82.7 3.3 65.2 90.8 1.1 4.4 89.5 92.5

Preorder traversal

39.2 16.5 3.3 1.1 4.4 82.7 65.2 90.8 89.5 92.5
| norder traversal

1.1 3.3 4.4 16.5 39.2 65.2 82.7 89.5 90.8 92.5
Post order traversal

1.1 4.4 3.3 16.5 65.2 89.5 92.5 90.8 82.7 39.2
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