Templates

D&D Chapter 12

| ntr oduction

o Templates - easily create alarge range of related
functions or classes

— function template - the blueprint of the related
functions

— template function - a specific function made
from afunction template




Function Templates

» overloaded functions
— perform similar operations on different data types
 function templates

— perform identical operations on different data types
— provide type checking

e Format:
tenpl at e<cl ass type, class type...>
— canusecl ass ort ypenane - specifies type parameters
tenplate< class T >
tenpl at e< typenane El ement Type >
tenpl at e< cl ass Border Type, class Fill Type >
— Function definition followst enpl at e statement

1 tenplate< class T >

2 void printArray( const T *array, const int

count )

3 {

4 for (int i =0; i < count; i++)
5 cout << array[ i ] << " ";

6

7 cout << endl;

8 }

Thei nt versionof print Array is

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

for (int i =0; i < count; i++)
cout << array[ i ] <<" ";

cout << endl;

}




1 // Fig 12.2: figl2 02.cpp

2 /] Using tenplate functions

3 #include <iostreanp

4

5 using std::cout;

6 using std::endl;

7

8 tenplate< class T >

9 void printArray( const T *array, const int count )
10 {

11 for (int i =0; i < count; i++)

12 cout << array[ i ] << " ";

13

14 cout << endl;

15 }

16

17 int main()

18 {

19 const int aCount = 5, bCount = 7, cCount = 6;
20 int a[ aCount 1 ={ 1, 2, 3, 4, 5};

21 double b[ bCount 1 ={ 1.1, 2.2, 3.3, 4.4, 5.5, 6.6, 7.7 };
22 char c[ cCount ] = "HELLO'; // 6th position for null
28

24 cout << "Array a contains:" << endl;

25 printArray( a, aCount ); // integer tenplate function
26

27 cout << "Array b contains:" << endl;

28 printArray( b, bCount ); // double tenplate function
29

30 cout << "Array c contains:" << endl;

31 printArray( c, cCount ); // character tenplate function
32

33! return O;

34 1
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Overloading Template Functions

related templ ate functions have same name
— compiler uses overloading resolution to call the right one

function template can be overloaded

— other function templates can have same name but different number
of parameters

— non-template function can have same name but different arguments
compiler tries to match function call with function name
and arguments

— if no precise match, looks for function templates

« if found, compiler generates and uses template function
— if no matches or multiple matches are found, compiler gives error

Class Templates

class templates
— alow type-specific versions of generic classes

Format:
tenpl ate <class T>
cl ass C assName{
definition
}
— Need notuse" T", any identifier will work
— To create an object of the class, type
Cl assNanme< type > nyQoj ect;
Example: List< doubl e > doubl eLi st ;




Class Templates (11)

» Template class functions

— declared normally, but preceded by t enpl at e<cl ass T>
e genericdatain classlisted astype T

— binary scope resolution operator used

— Template class function definition:

tenpl at e<cl ass T>

MyC ass< T >:: M/Cl ass(int size)

{
myArray = new T[size];

« constructor definition - creates an array of type T
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/l Fig. 15.3: listnd.h

/'l ListNode tenplate definition
#i f ndef LI STND_H

#define LI STND_H

tenpl at e< cl ass NODETYPE > class List; // forward declaration

t enpl at e<cl ass NODETYPE>
cl ass ListNode {

friend class List< NODETYPE >; // make List a friend
public:

Li st Node( const NODETYPE & ); // constructor

NODETYPE get Data() const; // return data in the node
private:

NCDETYPE dat a; /1 data

Li st Node< NODETYPE > *nextPtr; // next node in the list
X
/1 Constructor

t enpl at e<cl ass NODETYPE>
Li st Node< NODETYPE >:: Li st Node( const NODETYPE &i nfo )
: data( info ), nextPtr( 0) { }

// Return a copy of the data in the node
tenpl at e< cl ass NODETYPE >
NCDETYPE Li st Node< NODETYPE >::getData() const { return data; }

#endi f




29 // Fig. 15.3: list.h

30 // Tenplate List class definition

31 #ifndef LIST_H

32 #define LIST H

33

34 #include <iostrean>

35 #include <cassert>

36 #include "listnd. h"

37

38 using std::cout;

39

40 tenpl ate< cl ass NODETYPE >

41 class List {

42 public:

43 List(); /1 constructor

44 ~List(); /1 destructor

45 voi d insertAtFront( const NODETYPE & );

46 voi d insertAt Back( const NODETYPE & );

47 bool renoveFronfront( NODETYPE & );

48 bool renpveFronBack( NODETYPE & );

49 bool isEnpty() const;

50 void print() const;

51 private:

52 Li st Node< NODETYPE > *firstPtr; // pointer to first node
53 Li st Node< NODETYPE > *| astPtr; /1 pointer to |ast node
54

555 /Il Utility function to allocate a new node

56 Li st Node< NODETYPE > *get NewNode( const NODETYPE & );
57 };

58

59 // Default constructor

60 tenpl ate< cl ass NODETYPE >

61 List< NODETYPE >::list() : firstPtr( 0 ), lastPtr( 0) { }

62

63 // Destructor

64 tenpl ate< class NODETYPE >
65 List< NODETYPE >::~List()

66 {

67 if (lisEnpty() ) { /1 List is not enpty

68 cout << "Destroying nodes ...\n";

69

70 Li st Node< NODETYPE > *currentPtr = firstPtr, *tenpPtr;
71

72 while ( currentPtr !=0) { // delete remaining nodes
73 tenpPtr = currentPtr;

74 cout << tenpPtr->data << '\n’;

75 currentPtr = currentPtr->nextPtr;

76 delete tempPtr;

77 1

78 }

79

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

81 }

82

83 // Insert a node at the front of the |ist

84 tenpl ate< class NODETYPE >

85 void List< NODETYPE >::insertAtFront( const NODETYPE &val ue )
86 {

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

88

89 if ( isEnpty() ) [/ List is enpty
90 firstPtr = lastPtr = newPtr;

91 el se { /] List is not enpty
92 newPtr->nextPtr = firstPtr;

93 firstPtr = newPtr;

94 }

95 1




96

97 // Insert a node at the back of the list

98 tenpl ate< class NODETYPE >

99 void List< NODETYPE >::insertAtBack( const NODETYPE &val ue )
100{

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

102

103 if ( isEmpty() ) // List is enpty

104 firstPtr = lastPtr = newPtr;

105 el se { /] List is not enpty
106 lastPtr->nextPtr = newPtr;

107 lastPtr = newPtr;

108 }

109}

110

111// Delete a node fromthe front of the |ist

112t enpl at e< cl ass NODETYPE >

113bool List< NODETYPE >::renoveFronfront ( NODETYPE &val ue )
114

115 if ( isEmpty() ) /1l List is enpty
116 return false; /1 del ete unsuccessful
117 else {
118 Li st Node< NODETYPE > *tenpPtr = firstPtr;
119
120 if ( firstPtr == lastPtr )
121 firstPtr = lastPtr = 0;
122 el se
123 firstPtr = firstPtr->nextPtr;
124
125 value = tenpPtr->data; // data being renmoved
126 delete tenpPtr;
127 return true; /'l del ete successful
128 }
129}
130

131// Delete a node fromthe back of the list

132t enpl at e< cl ass NODETYPE >

133bool Li st< NODETYPE >::renoveFronBack( NODETYPE &val ue )
134{

135 if ( isEmpty() )

136 return fal se; /'l del ete unsuccessful
137 el se {

138 Li st Node< NODETYPE > *tenpPtr = lastPtr;
139

140 if ( firstPtr == lastPtr )

141 firstPtr = lastPtr = 0;

142 else {

143 Li st Node< NODETYPE > *currentPtr = firstPtr;
144

145 while ( currentPtr->nextPtr != lastPtr )
146 currentPtr = currentPtr->nextPtr;
147

148 lastPtr = currentPtr;

149 currentPtr->nextPtr = 0;

150 }

151

152 val ue = tenpPtr->dat a;

153 del ete tempPtr;

154 return true; /1 del ete successful

155 }

156}

157

158// Is the List enpty?

159t enpl at e< cl ass NODETYPE >

160bool List< NODETYPE >::isEnpty() const

161 { return firstPtr == 0; }

162

163// return a pointer to a newv allocated node




164t enpl at e< cl ass NODETYPE >
165Li st Node< NODETYPE > *List< NODETYPE >:: get NewNode(

166 const NODETYPE &val ue )
167

168 Li st Node< NODETYPE > *ptr =

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

170 assert( ptr !'=0);

171 return ptr;

172}

173

174// Display the contents of the List
175t enpl at e< cl ass NODETYPE >

176voi d List< NODETYPE >::print() const

1774

178 if (isEmpty() ) {

179 cout << "The list is enpty\n\n";
180 return;

181 }

182

183 Li st Node< NODETYPE > *currentPtr = firstPtr;
184

185 cout << "The list is: ";

186

187 while ( currentPtr !'=0 ) {

188 cout << currentPtr->data << ' ’;
189 currentPtr = currentPtr->nextPtr;
190 }

191

192 cout << "\n\n";

193}

194

195#endi f

196// Fig. 15.3: figl5_03.cpp

197// List class test

198#i ncl ude <i ostream>

199#i nclude "list.h"

200

201using std::cin;

202using std::endl;

203

204// Function to test an integer List

205tenpl ate< class T >

206void testList( List< T > & istObject, const char *type )
2074

208 cout << "Testing a List of " << type << " values\n";
209

210 instructions();

211 int choice;

212 T val ue;

213

214  do {

215 cout << "? ";

216 cin >> choi ce;

217

218 switch ( choice ) {

219 case 1:

220 cout << "Enter " << type << ": ";
221 cin >> val ue;

222 listQbject.insertAtFront( value );
223 listObject.print();

224 br eak;

225 case 2:

226 cout << "Enter " << type << ": ";

227 cin >> val ue;




228 i st Obj ect.insertAt Back( val ue );

229 listQbject.print();

230 br eak;

231 case 3:

232 if (|istObject.renoveFronfFront( value ) )
233 cout << value << " renpved fromlist\n";
234

235 listOoject.print();

236 br eak;

237 case 4:

238 if (|istObject.renoveFronBack( value ) )
239 cout << value << " renpved fromlist\n";
240

241 listoject.print();

242 br eak;

243 }

244 } while ( choice !'=5);

245

246 cout << "End list test\n\n";

247}

248

249voi d instructions()

250(

251 cout << "Enter one of the follow ng:\n"

252 << " 1 to insert at beginning of list\n"

253 << " 2 toinsert at end of list\n"

254 << " 3 to delete from beginning of list\n" Choices correspond to the switch
255 << " 4 to delete fromend of “St\”"<\statement
256 << " 5 to end |list processing\n";

257}

258

259int main()
260{

261 List< int > integerlist;

262 testList( integerList, \integer" ); // test integerList
263
264 Li st < doubl e > doubl eLi st ;
265 test List( doubleList, /] test doubl eList

266

Use templates to create an integer list and a

267 return O; .
doubl e list.

268}
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Class Templates and Non-type
Parameters

 Can use non-type parameters in templates
— default argument
— treated asconst
» Example:
tenplate< class T, int elenents >
Li st< doubl e, 100 > nost Recent Sal esFi gures;
 declares object of type Li st < doubl e, 100>

— This may appear in the class definition:
T stackHol der[ elements ]; //array to hold the Iist

 creates array at compile time, rather than dynamic allocation at
execution time
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Templates and Inheritance

A class template can be derived from a template
class

A class template can be derived from a non-
template class

A template class can be derived from a class
template

A non-template class can be derived from a class
template

Templatesand friends

* friendships allowed between a class template and
— global function
— member function of another class
— entireclass

e friend functions

— inside definition of classtemplate X:
—friend void f1();
« f1() afriend of al template classes
—friend void f2( X< T > & );
e f2( X< int > &) isafriendof X< int >only.
The same appliesfor f | oat , doubl e, etc.
—friend void A :f3();

« member functionf 3 of classAisaf ri end of all template
classes
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Templatesand friends (I1)

—friend void C< T > :f4( X< T > &);
e Cfloat>::f4( X< float> & ) isafriendofcl ass
X<f | oat > only

friend classes

— friend class Y,
« every member function of Y afriend with every template class made
from X
— friend class Z<T>;
e classZ<f| oat > afri end of class X<f | oat >, etc.

Templates and static Members

non-template class
— st ati ¢ datamembers shared between all objects

template classes
— eachclass(i nt, fl oat, etc.) hasits own copy of st ati ¢ data
members
— stati c variablesinitialized at file scope
— each template class getsits own copy of st at i ¢ member
functions
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