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class Node
{
public:

Node( int ); // constructor

void setData( int ); // set data member

int getData() const; // get data member
void setNextPtr( Node * ); // set pointer to next Node
Node *getNextPtr() const; // get pointer to next Node
private:

int data; // data stored in this Node

Node *nextPtr; // pointer to another object of same type
}; // end ListNode
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Node *newPtr = new Node (10); //create Node with data 10

03T 50k | oI NOE o jlu a2l I8 | o1 4 NOde (s3le 0,53 (6l 1y conlize ababl ltie
51 el K NEW (LS o zws 53 abisls 1505 0 0313 Lamass NEWPLr « Node b 5
L Node osls sae 9 odi Jluyl Node sijle 4 10 Hluas .5jlul oo o, 4 bad_alloc ¢
3 gh oo ad gl A5,10810
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delete newPtr;
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o6 5 Lasl ol (s e gl ol ¢S ((19-20 L shast) NeXtPLr 5 data osls swae 53 (g3l
4k g5 (NODETYPE ¢ 5 5l (,lis data puae .l o5 55 03l sls o8 (sl getData
G b Soslal 05,5 0,53 4 S ysbe NEXEPN de .S 0,3 1y WS (6550 4 Jlu)

A8 o (6N 5y Send Hs ListNode

sl 4 oS o, Lal) FirstPEr osls glasl 3 Saze 21-4 Ko dList WIS 5124-25 b s
ol .ol (List ¢ s ListNode o 5T 4 458 o,La0) lastNode 5 (List ¢S s ListNode
55 oS 56 .S e Ul L Soylal 53 ja adyl asjldie 4 &pole (32-37 Lhs) 55 i
List & <Gl List (& <SS s ListNode (sl & plas o5 A oo takas 1) L 40-60 b glost
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removeFromBack 5 (93-111 b k=) removeFromFront «(78-90 b ;=) insertAtBack
(114-141 b Jos)
// Fig. 21.3: Listnode.h
// Template ListNode class definition.

#ifndef LISTNODE H
#define LISTNODE H

// forward declaration of class List required to announce that class
//List exists so it can be used in the friend declaration at line 13
template< typename NODETYPE > class List;

wodJoUld WNKR

10 template< typename NODETYPE >
11 class ListNode

12 {
13 friend class List< NODETYPE >; // make List a friend
14

15 public:

16 ListNode( const NODETYPE & ); // constructor

17 NODETYPE getData() const; // return data in node

18 private:

19 NODETYPE data; // data

20 ListNode< NODETYPE > *nextPtr; // next node in list
21 }; // end class ListNode

22

23 // constructor

24 template< typename NODETYPE >

25 ListNode< NODETYPE >::ListNode( const NODETYPE &info )
26 : data( info ), nextPtr( 0 )

27 {

28 // empty body

29 } // end ListNode constructor

31 // return copy of data in node

32 template< typename NODETYPE >

33 NODETYPE ListNode< NODETYPE >::getData() const
34 {

35 return data;

36 } // end function getData
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37
38 #tendif
.ListNode _wS™ < 5 | 21-3 <5
1 // Fig. 21.4: List.h
2 // Template List class definition.
3 #ifndef LIST H
4 #define LIST H
5
6 #include <iostream>
7 using std::cout;
8
9 #include "Listnode.h" // ListNode class definition
10
11 template< typename NODETYPE >
12 class List
13 {
14 public:
15 List(); // constructor
16 ~List(); // destructor
17 void insertAtFront( const NODETYPE & );
18 void insertAtBack( const NODETYPE & ) ;
19 bool removeFromFront( NODETYPE & ) ;
20 bool removeFromBack ( NODETYPE & ) ;
21 bool isEmpty() const;
22 void print() const;
23 private:
24 ListNode< NODETYPE > *firstPtr; // pointer to first node
25 ListNode< NODETYPE > *lastPtr; // pointer to last node
26
27 // utility function to allocate new node
28 ListNode< NODETYPE > *getNewNode ( const NODETYPE & ) ;
29 }; // end class List
30
31 // default constructor
32 template< typename NODETYPE >
33 List< NODETYPE >::List()
34 firstPtr( 0 ), lastPtr( 0 )
35 {
36 // empty body
37 } // end List constructor
38
39 // destructor
40 template< typename NODETYPE >
41 List< NODETYPE >::~List()
42 {
43 if ( 'isEmpty() ) // List is not empty
44 {
45 cout << "Destroying nodes ...\n";
46
47 ListNode< NODETYPE > *currentPtr = firstPtr;
48 ListNode< NODETYPE > *tempPtr;
49
50 while ( currentPtr != 0 ) // delete remaining nodes
51 {
52 tempPtr = currentPtr;
53 cout << tempPtr->data << '\n';
54 currentPtr = currentPtr->nextPtr;
55 delete tempPtr;
56 } // end while
57 } // end if
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58

59 cout << "All nodes destroyed\n\n";
60 } // end List destructor

61

62 // insert node at front of list

63 template< typename NODETYPE >

64 void List< NODETYPE >::insertAtFront( const NODETYPE &value )
65 {

66 ListNode< NODETYPE > *newPtr = getNewNode( value ); // new node
67

68 if ( isEmpty() ) // List is empty

69 firstPtr = lastPtr = newPtr; // new list has only one node
70 else // List is not empty

71 {

72 newPtr->nextPtr = firstPtr;//point new node to previous 1lst node
73 firstPtr = newPtr; // aim firstPtr at new node

74 } // end else

75 } // end function insertAtFront

76

77 // insert node at back of list

78 template< typename NODETYPE >

79 void List< NODETYPE >::insertAtBack( const NODETYPE &value )
80 {

81 ListNode< NODETYPE > *newPtr = getNewNode( value ); // new node
82

83 if ( isEmpty() ) // List is empty

84 firstPtr = lastPtr = newPtr; // new list has only one node
85 else // List is not empty

86 {

87 lastPtr->nextPtr = newPtr; // update previous last node

88 lastPtr = newPtr; // new last node

89 } // end else

90 } // end function insertAtBack

91

92 // delete node from front of list
93 template< typename NODETYPE >
94 bool List< NODETYPE >::removeFromFront( NODETYPE &value )

95 if ( isEmpty() ) // List is empty

96 return false; // delete unsuccessful

97 else

98 {

99 ListNode<NODETYPE> *tempPtr = firstPtr;//hold tempPtr to delete
100

101 if ( firstPtr == lastPtr )

102 firstPtr = lastPtr = 0; // no nodes remain after removal
103 else

104 firstPtr = firstPtr->nextPtr; // point to previous 2nd node
105

106 value = tempPtr->data; // return data being removed

107 delete tempPtr; // reclaim previous front node

108 return true; // delete successful

109 } // end else

110 } // end function removeFromFront

111

112 // delete node from back of list

113 template< typename NODETYPE >

114 bool List< NODETYPE >::removeFromBack ( NODETYPE &value )

115 {
116 if ( isEmpty() ) // List is empty
117 return false; // delete unsuccessful

118 else
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119 {

120 ListNode<NODETYPE> *tempPtr = lastPtr;//hold tempPtr to delete
121

122 if ( firstPtr == lastPtr ) // List has one element

123 firstPtr = lastPtr = 0; // no nodes remain after removal
124 else

125 {

126 ListNode< NODETYPE > *currentPtr = firstPtr;

127

128 // locate second-to-last element

129 while ( currentPtr->nextPtr != lastPtr )

130 currentPtr = currentPtr->nextPtr; // move to next node
131

132 lastPtr = currentPtr; // remove last node

133 currentPtr->nextPtr = 0; // this is now the last node

134 } // end else

135

136 value = tempPtr->data; // return value from old last node
137 delete tempPtr; // reclaim former last node

138 return true; // delete successful

139 } // end else

140 } // end function removeFromBack

141

142 // is List empty?

143 template< typename NODETYPE >

144 bool List< NODETYPE >::isEmpty() const
145 {

146 return firstPtr == 0;

147} // end function isEmpty

148

149 // return pointer to newly allocated node
150 template< typename NODETYPE >

151 ListNode< NODETYPE > *List< NODETYPE >::getNewNode (
152 const NODETYPE &value )

153 {

154 return new ListNode< NODETYPE >( value );
155} // end function getNewNode

156

157 // display contents of List

158 template< typename NODETYPE >

159 void List< NODETYPE >::print() const

160 {

161 if ( isEmpty() ) // List is empty

162 {

163 cout << "The list is empty\n\n";

164 return;

165 } // end if

166

167 ListNode< NODETYPE > *currentPtr = firstPtr;
168

169 cout << "The list is: ";

170

171 while ( currentPtr != 0 ) // get element data
172 {

173 cout << currentPtr->data << ' ';

174 currentPtr = currentPtr->nextPtr;

175 } // end while

176

177 cout << "\n\n";

178 } // end function print
179

180 #endif
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// Fig. 21.5: Fig2l 05.cpp
// List class test program.
#include <iostream>

using std::cin;

using std::cout;

using std::endl;

#include <string>
using std::string;

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

// function to test a List
template< typename T >
void testList( List< T > &listObject, const string &typeName )
{
cout << "Testing a List of " << typeName << " values\n";
instructions(); // display instructions

int choice; // store user choice
T value; // store input value

do // perform user-selected actions
{

cout << "? ";

cin >> choice;

switch ( choice )
{
case 1: // insert at beginning
cout << "Enter " << typeName << ": ";
cin >> value;
listObject.insertAtFront( value ) ;
listObject.print() ;
break;
case 2: // insert at end
cout << "Enter " << typeName << ": ";
cin >> value;
listObject.insertAtBack( value );
listObject.print() ;
break;
case 3: // remove from beginning
if ( listObject.removeFromFront( value ) )
cout << value << " removed from list\n";

listObject.print() ;
break;
case 4: // remove from end
if ( listObject.removeFromBack( value ) )
cout << value << " removed from list\n";

listObject.print() ;
break;
} // end switch
} while ( choice '= 5 ); // end do...while

cout << "End list test\n\n";
} // end function testList

// display program instructions to user
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61 void instructions()

62 {

63 cout << "Enter one of the following:\n"

64 << " 1 to insert at beginning of list\n"
65 << " 2 to insert at end of list\n"

66 << " 3 to delete from beginning of list\n"
67 << " 4 to delete from end of list\n"

68 << " 5 to end list processing\n";

69 } // end function instructions

70

71 int main()

72 {

73 // test List of int values

74 List< int > integerList;

75 testList( integerList, "integer" );

76

77 // test List of double values
78 List< double > doublelist;
79 testList( doublelist, "double" );
80 return O;
81 } // end main
Testing a list of integer values
Enter one of the following:
to insert at beginning of list
to insert at end of list
to delete from beginning of list
to delete from end of list
to end list processing

U WN R

? 1
Enter integer: 1
The list is: 1

21
Enter integer: 2
The list is: 2 1

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

? 2
Enter integer: 4
The list is: 2 1 3 4

? 3
2 remove from list
The list is: 1 3 4

? 3
1 remove from list
The list is: 3 4

? 4
4 remove from list
The list is: 4

? 4
3 remove from list
The list is empty

? 5
End list test
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Testing a List of double values
Enter one of the following:

to insert at beginning of list
to insert at end of list

to delete from beginning of list
to delete from end of list

to end list processing

s WN R

21
Enter double: 1.1
The list is: 1.1

?1
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

2.2 removed from list
The list is: 1.1 3.3 4.4

1.1 removed from list
The list is: 3.3 4.4

4.4 removed from list
The list is: 3.3

3.3 removed from list
The list is empty
End list test

All nodes destroyed
All nodes destroyed
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(b) firstPtr lastPtr
ul
[22]a] [7]a] [1]a] [5[N\]
nl
tempPtr
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removeFromBack gac b
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o 03 el e K ol Cad e (123 L) 30 5L S lastPtr g firstPtr 81 -2
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(127 L) 546 00305
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removeFromBack & jdos (Sl 5 goled | 21-9 &

9 L) gyl b 51, Q1-13 K8 iy oIS e 21-14 521-13 IS claaals
13- L jlast) pUsh wl g (sl azty o7 sl g5 oo S g0 0l 214 a1 )3 5 g o Llist W3S )
Al (31-34 L ks) printStack s (25-28 L shs) isStackEmpty «(19-22 L yls) pop(16
Lal g List WS 51 print 5 isEmpty aremoveFromFront cdnsertAtFront Ci\}: T i‘,)ﬂs
4 .l removeFromBack s insertAtBack islea ngii; Sl WIS (sl List NS 54
S B s 53 iy pUBIIC Lawly G b S ez e

Gl: push Gl: i dal g Gl s List s Cnlite sleml caniy lgal (gilwesly Cli;,a @
cu isStackEmpty c\: 5 (21 L=) removeFromFront @b pop b «(15 L=) insertAtFront
LS 0 Sl 51, (33 L) print GU printStack GU 5 (27 L=) isEmpty

1 // Fig. 21.13: Stack.h

2 // Template Stack class definition derived from class List.
3 #ifndef STACK H

4 #define STACK H

5

6 #include "List.h" // List class definition
7

8 template< typename STACKTYPE >

9 class Stack : private List< STACKTYPE >

10 {

11 public:

12 // push calls the List function insertAtFront
13 void push( const STACKTYPE &data )

14 {

15 insertAtFront( data );

16 } // end function push

17

18 // pop calls the List function removeFromFront
19 bool pop( STACKTYPE &data )

20 {

21 return removeFromFront( data );

22 } // end function pop

23

24 // isStackEmpty calls the List function isEmpty
25 bool isStackEmpty () const

26 {

27 return isEmpty()

28 } // end function isStackEmpty
29

30 // printStack calls the List function print
31 void printStack() const

32 {

33 print();

34 } // end function print

35 }; // end class Stack

36

37 #endif
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Stack<int> ¢ 5 5 INIStACK pows iy ($lotisas sl » 21-14 JKe) main s iy WS
e ((16-20 L 5has) o iNtStACK axty 35152 b0 meomes 5lie (11 L) sl 0k w5 K
¢ Jl doubleStack eSS sl (gl iy NS 51wl (25-30 Lshs) Wsk g ol
o doubleStack 5,05 3.3 5 1.1, 2.2 ,slae .(32 L) ol o5 5 eslawsl Stack<double>
(48-53 L jlast) Wloks 5l O 1 e 5 (38-43 L o)

1 // Fig. 21.14: Fig2l_l4.cpp

2 // Template Stack class test program.

3 #include <iostream>

4 using std::cout;

5 wusing std::endl;

6

7 #include "Stack.h" // Stack class definition

8

9 int main()

10 {

11 Stack< int > intStack; // create Stack of ints
12

13 cout << "processing an integer Stack" << endl;
14

15 // push integers onto intStack

16 for (int i = 0; i < 3; i++ )

17 {

18 intStack.push( i );

19 intStack.printStack() ;

20 } // end for

21

22 int popInteger; // store int popped from stack
23

24 // pop integers from intStack
25 while ( 'intStack.isStackEmpty() )

26 {

27 intStack.pop( popInteger );

28 cout << popInteger << " popped from stack" << endl;
29 intStack.printStack() ;

30 } // end while

31

32 Stack< double > doubleStack; // create Stack of doubles
33 double value = 1.1;

34

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

36

37 // push floating-point values onto doubleStack

38 for (int j = 0; j < 3; j++ )

39 {

40 doubleStack.push( value ) ;

41 doubleStack.printStack() ;

42 value += 1.1;

43 } // end for

44

45 double popDouble; // store double popped from stack
46

47 // pop floating-point values from doubleStack
48 while ( !'doubleStack.isStackEmpty () )
49 {
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50 doubleStack.pop( popDouble ) ;
51 cout << popDouble << " popped from stack" << endl;
52 doubleStack.printStack() ;
53 } // end while
54
55 return O;

56 } // end main
processing an integer stack
The list is: 0

The list is: 1 0
The list is: 2 1 0

2 popped from stack
The list is: 1 0

1 popped from stack
The list is: O

0 popped from stack
The list is empty

processing a double Stack
The list is: 1.1

The list is: 2.2 1.1
The list is: 3.3 2.2 1.1

3.3 popped from stack
The list is: 2.2 1.1

2.2 popped from stack
The list is: 1.1

1.1 popped from stack
The list is empty

All nodes destroyed

All nodes destroyed

iy oolo 40l | 21-14 I

S 5SS 4y 5 e IS Sl sk eslizal Gy b Sl ey ST 0SS (ilvesly 53 s o
OS5 (gl oSl atiy WIS 1 g (gilwesly 21215 S a3 3 e NS Ll
List w387 51 ety (W3S 1 e ) (38 L) L e stackList ply List<STACKTYPE>
o oslizul 21-14 IS 55 5llely asli s 51 e oS ool s (6l 5 kS o o3lizal 214 S
oIS i 33 Lasl g 5 .l 6 L s Stackcomposition.h T w sl gl bl (el
el DL iy

// Fig. 21.15: Stackcomposition.h

// Template Stack class definition with composed List object.
#ifndef STACKCOMPOSITION_H

#define STACKCOMPOSITION H

= W
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5

6 #include "List.h" // List class definition

7

8 template< typename STACKTYPE >

9 class Stack

10 {

11 public:

12 // no constructor; List constructor does initialization
13

14 // push calls stackList object's insertAtFront member function
15 void push( const STACKTYPE &data )

16 {

17 stackList.insertAtFront( data );

18 } // end function push

19

20 // pop calls stackList object's removeFromFront member function
21 bool pop( STACKTYPE &data )

22 {

23 return stackList.removeFromFront( data );

24 } // end function pop

25

26 // isStackEmpty calls stackList object's isEmpty member function
27 bool isStackEmpty() const

28 {

29 return stackList.isEmpty () ;

30 } // end function isStackEmpty

31

32 // printStack calls stackList object's print member function
33 void printStack() const

34 {

35 stackList.print();

36 } // end function printStack

37 private:

38 List< STACKTYPE > stackList; // composed List object
39 }; // end class Stack

41 #endif

(S o b Ay 3| 2115 S
b io 21-6
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sl eCao 0305 Olazstlo 4 s cpad 4 03,5 oo oy see 0T (Al slgsl 31 oo 0 8 03 S LI
5o 8 Oodo senqueue oo 4 08 0555 Jas 4 355 o S (FIFO) g5+ cdsh(635,3
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Co S5 50 315 sl 5 o 55 6 805 sla s 5 ol (S il Jsiie Silo S sl
B Kt PP JU1-C

By &5 0lej 53 5 S oo 15 sl e 3 Sl Gt 65 selS Glaes s
353 gn bl 4yl e & Oy B 3L 5L 8T 5 555 e Syl St a0 8 0l g2e 4y

NS 51O L) g pyl b 5, (Queue) Can WS 21-17 521-16 Ko slaasl

«(13-16 Lks) enqueue wly sl Queue S gl oo (21-4 JS8) a8 o sl List
AL (31-34 b 4ls) printQueue s (25-28 b sls) isSQueueEmpty (19-22 L sks-) dequeue
siprint 5 isEmpty (removeFromFront cdnsertAtBack (slg~b T:,,J.,é (‘i‘}; oyl aS s s

1 // Fig. 21.16: Queue.h

2 // Template Queue class definition derived from class List.
3 #ifndef QUEUE H

4 #define QUEUE H

5

6 #include "List.h" // List class definition

7

8 template< typename QUEUETYPE >

9 class Queue: private List< QUEUETYPE >

10 {

11 public:

12 // enqueue calls List member function insertAtBack
13 void enqueue( const QUEUETYPE &data )

14 {

15 insertAtBack( data );

16 } // end function enqueue

17

18 // dequeue calls List member function removeFromFront
19 bool dequeue( QUEUETYPE &data )

20 {

21 return removeFromFront( data );

22 } // end function dequeue

23

24 // isQueueEmpty calls List member function isEmpty
25 bool isQueueEmpty () const

26 {

27 return isEmpty()

28 } // end function isQueueEmpty

29

30 // printQueue calls List member function print

31 void printQueue () const

32 {

33 print();

34 } // end function printQueue

35 }; // end class Queue

36

37 #endif

o W iy 5| 21-16 KB
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6 enquete w6 s Wl Sl 5 List 5o clis wly (e ml5 gleesly (.\i;a 4

eb o (21 L) removeFromFront g dequeue o «(15 L=) insertAtBack
Sl 21, B3 L) print C’-U printQueue CU 5 (27 L=) isEmpty b isQueueEmpty
AS

L Queue<int> g5 5N INtQUEUE oo oo (5ledisei 1 21-17 Ky G S
3 g «(16-20 L skos) ot INtQUEUE (oo 5552 50 mes 5lae (11 L) Zo 0 w g
oL doubleQueue s,/ 3.3 5 1.1, 22 ks (32 L) ol 055 sslewsl Queue<double>
{(48-53 L jlast) Wlookss -l OT 51 o 3 (38-43 b 4last)

1 // Fig. 21.17: Fig2l_17.cpp

2 // Template Queue class test program.

3 #include <iostream>

4 wusing std::cout;

5 wusing std::endl;

6

7 #include "Queue.h" // Queue class definition

8

9 int main()

10 {

11 Queue< int > intQueue; // create Queue of integers
12

13 cout << "processing an integer Queue" << endl;
14

15 // enqueue integers onto intQueue

16 for (int 1 = 0; 1 < 3; i++ )

17 {

18 intQueue.enqueue( i );

19 intQueue.printQueue() ;

20 } // end for

21

22 int dequeuelInteger; // store dequeued integer
23

24 // dequeue integers from intQueue

25 while ( !'intQueue.isQueueEmpty () )

26 {

27 intQueue.dequeue ( dequeueInteger ) ;

28 cout << dequeuelnteger << " dequeued" << endl;
29 intQueue.printQueue() ;

30 } // end while

31

32 Queue< double > doubleQueue; // create Queue of doubles
33 double value = 1.1;

34

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

36

37 // enqueue floating-point values onto doubleQueue

38 for ( int § = 0; j < 3; j++ )

39 {

40 doubleQueue.enqueue( value );
41 doubleQueue.printQueue () ;

42 value += 1.1;

43 } // end for
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44
45 double dequeueDouble; // store dequeued double
46

47 // dequeue floating-point values from doubleQueue
48 while ( 'doubleQueue.isQueueEmpty () )

49 {

50 doubleQueue.dequeue ( dequeueDouble ) ;

51 cout << dequeueDouble << " dequeued" << endl;
52 doubleQueue.printQueue () ;

53 } // end while

54

55 return O;

56 } // end main
processing an integer Queue
The list is:0

The list is: 0 1
The list is: 0 1 2

0 dequeued
The list is: 1 2

1 dequeued
The list is: 2

2 dequeued
The list is empty

processing an double Queue
The list is: 1.1

The list is: 1.1 2.2
The list is: 1.1 2.2 3.3

1.1 dequeued
The list is: 2.2 3.3

2.2 dequeued
The list is: 3.3

3.3 dequeued
The list is empty

All nodes destroyed

All nodes destroyed

o 318y 4ok 9] 21-17 <&
besy21-7
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TreeNode (gls 38" (5luesly b s 00387 £5,8 21-22 IS S1slely a4l b1y 55 Comy
ileaizes b (21222 JS8) main wb eas s walsl 2121 S2) Tree 5 21-20 )
03,5 ol 555 zee JMRe 05 sl (15 Lbst) 555 0 gy 5 Tree<int> ¢ 55 SlintTree o s
Gl sl sy o (24 L) US o ¢ 0L 55 3,05 insertNode wb 13 L 1) S
caelsl 5> (34 528, 31 L bst) das o plx! intTree s, , I, postorder s preorder, inorder
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// Fig. 21.20: Treenode.h

// Template TreeNode class definition.
#ifndef TREENODE H

#define TREENODE_H

// forward declaration of class Tree
template< typename NODETYPE > class Tree;

woJdoUbdWNRK

// TreeNode class-template definition
10 template< typename NODETYPE >
11 class TreeNode

12 {

13 friend class Tree< NODETYPE >;

14 public:

15 // constructor

16 TreeNode ( const NODETYPE &d )

17 : leftPtr( 0 ), // pointer to left subtree
18 data( d ), // tree node data

19 rightPtr( 0 ) // pointer to right substree
20 {

21 // empty body

22 } // end TreeNode constructor

23

24 // return copy of node's data

25 NODETYPE getData () const
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26
27
28
29
30
31
32
33
34
35

woJdoud WNR

{
return data;

} // end getData function
private:

TreeNode< NODETYPE > *leftPtr; // pointer to left subtree

NODETYPE data;

TreeNode< NODETYPE > *rightPtr; // pointer to right subtree
}; // end class TreeNode

#endif
TreeNode _wMS™ iy g5 | 21-20 <o
// Fig. 21.21: Tree.h
// Template Tree class definition.
#ifndef TREE H
#define TREE H
#include <iostream>
using std::cout;
using std::endl;
#include <new>
#include "Treenode.h"
// Tree class-template definition
template< typename NODETYPE > class Tree
{
public:
Tree(); // constructor
void insertNode( const NODETYPE & ) ;
void preOrderTraversal() const;
void inOrderTraversal() const;
void postOrderTraversal () const;
private:
TreeNode< NODETYPE > *rootPtr;
// utility functions
void insertNodeHelper (TreeNode< NODETYPE> **, const NODETYPE & );
void preOrderHelper ( TreeNode< NODETYPE > * ) const;
void inOrderHelper ( TreeNode< NODETYPE > * ) const;
void postOrderHelper ( TreeNode< NODETYPE > * ) const;
}; // end class Tree
// constructor
template< typename NODETYPE >
Tree< NODETYPE >::Tree ()
{
rootPtr = 0; // indicate tree is initially empty
} // end Tree constructor
// insert node in Tree
template< typename NODETYPE >
void Tree< NODETYPE >::insertNode( const NODETYPE &value )
{
insertNodeHelper ( &rootPtr, value );
} // end function insertNode
// utility function called by insertNode; receives a pointer
// to a pointer so that the function can modify pointer's value
template< typename NODETYPE >
void Tree< NODETYPE >::insertNodeHelper (
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50 TreeNode< NODETYPE > **ptr, const NODETYPE &value )

51 {

52 // subtree is empty; create new TreeNode containing value
53 if ( *ptr == 0 )

54 *ptr = new TreeNode< NODETYPE >( value );

55 else // subtree is not empty

56 {

57 // data to insert is less than data in current node

58 if ( value < ( *ptr )->data )

59 insertNodeHelper( &( ( *ptr )->leftPtr ), value );
60 else

61 {

62 // data to insert is greater than data in current node
63 if ( value > ( *ptr )->data )

64 insertNodeHelper( &( ( *ptr )->rightPtr ), value );
65 else // duplicate data value ignored

66 cout << value << " dup" << endl;

67 } // end else

68 } // end else

69 } // end function insertNodeHelper

70

71 // begin preorder traversal of Tree
72 template< typename NODETYPE >
73 void Tree< NODETYPE >::preOrderTraversal() const

74 |
75 preOrderHelper ( rootPtr );

76 } // end function preOrderTraversal
77

78 // utility function to perform preorder traversal of Tree

79 template< typename NODETYPE >

80 void Tree<NODETYPE>: :preOrderHelper (TreeNode<NODETYPE> *ptr ) const
81 {

82 if ( ptr !'=0)

83 {

84 cout << ptr->data << ' '; // process node

85 preOrderHelper ( ptr->leftPtr ); // traverse left subtree
86 preOrderHelper ( ptr->rightPtr ); // traverse right subtree
87 } // end if

88 } // end function preOrderHelper

89

90 // begin inorder traversal of Tree
91 template< typename NODETYPE >
92 void Tree< NODETYPE >::inOrderTraversal() const

93 {

94 inOrderHelper( rootPtr );

95 } // end function inOrderTraversal
96

97 // utility function to perform inorder traversal of Tree

98 template< typename NODETYPE >

99 void Tree<NODETYPE>: :inOrderHelper (TreeNode<NODETYPE> *ptr ) const
100 {

101 if ( ptr !'=0)

102 {

103 inOrderHelper( ptr->leftPtr ); // traverse left subtree
104 cout << ptr->data << ' '; // process node

105 inOrderHelper( ptr->rightPtr ); // traverse right subtree

106 } // end if

107 } // end function inOrderHelper

108

109 // begin postorder traversal of Tree

110 template< typename NODETYPE >

111 void Tree< NODETYPE >::postOrderTraversal () const
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112 {

113 postOrderHelper( rootPtr );

114} // end function postOrderTraversal

115

116 // utility function to perform postorder traversal of Tree
117 template< typename NODETYPE >

118 void Tree< NODETYPE >::postOrderHelper (

119 TreeNode< NODETYPE > *ptr ) const

120 {

121 if ( ptr !'=0)

122 {

123 postOrderHelper ( ptr->leftPtr ); // traverse left subtree
124 postOrderHelper ( ptr->rightPtr ); // traverse right subtree
125 cout << ptr->data << ' '; // process node

126 } // end if

127 } // end function postOrderHelper
128

129 #endif

Tree w5 iy g8 | 21-21 IS8

€ 2120 o) oS LT TreeNode oS 80 e Lo Com

S gl mlgples ST L (13 L) ol 03 ST el friend O ga |, Tree<NODETYPE>

3 o TreeNode ¢ S S blte Ol gs 21-21 JK8) 10T o s Tree S WS

J S Ty o rs & oT ;1 TreeNode sls & private glasl 4 dil g o 45 ol 5,50

TreeNode « el ods oslizul friend odel ;s Tree ol T O s NODETYPE el )L 1 45|
25 B3lsp g Olea LTrEE &5 5 b 1 bl Ll 5 o

// Fig. 21.22: Fig2l 22.cpp

// Tree class test program.

#include <iostream>

using std::cout;

using std::cin;

using std::fixed;

#include <iomanip>
using std::setprecision;

wCoJdJouUlbd WNKR

11 #include "Tree.h" // Tree class definition

13 int main()

14 {

15 Tree< int > intTree; // create Tree of int values
16 int intValue;

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

20 // insert 10 integers to intTree
21 for (int i = 0; i < 10; i++ )

22 {

23 cin >> intValue;

24 intTree.insertNode( intValue ) ;
25 } // end for

27 cout << "\nPreorder traversal\n";
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28 intTree.preOrderTraversal() ;
29
30 cout << "\nInorder traversal\n";
31 intTree.inOrderTraversal () ;
32
33 cout << "\nPostorder traversal\n";
34 intTree.postOrderTraversal() ;
35
36 Tree< double > doubleTree; // create Tree of double values
37 double doubleValue;
38
39 cout << fixed << setprecision( 1 )
40 << "\n\n\nEnter 10 double values:\n";
41

42 // insert 10 doubles to doubleTree
43 for ( int j = 0; j < 10; j++ )

44 {

45 cin >> doubleValue;

46 doubleTree.insertNode ( doubleValue ) ;
47 } // end for

48

49 cout << "\nPreorder traversal\n";
50 doubleTree.preOrderTraversal () ;

51

52 cout << "\nInorder traversal\n";
53 doubleTree.inOrderTraversal () ;

54

55 cout << "\nPostorder traversal\n";
56 doubleTree.postOrderTraversal () ;
57

58 cout << endl;

59 return O;

60 } // end main
Enter 10 integer values:
50 25 75 12 33 67 88 6 13 68

Preorder traversal

50 25 12 6 13 33 75 67 68 88
Inorder traversal

6 12 13 25 33 50 67 68 75 88
Postorder traversal

6 13 12 33 25 68 67 88 75 50

Enter 10 double values:
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
Inoreder traversal
1.1 3.3 4.4 16.5 39.2 65.2 82.7 89.5 90.8 92.5
Postorder traversal
1.1 4.4 3.3 16.5 65.2 89.5 92.5 90.8 82.7 39.2

(Sl o35 sl 9 3wl 21-22 J<a
6 So el 5 05 esls lutie —diles S” OMel 1, TreeNode i private osls 30-32 b jbs

(16-22 L ghas) odijl Ay 0 8 S y5 5 6l ) MGNPEr 5 (Ca 0 5 s y3 5 (5l ) leftPtr
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