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 The function is good for every type T having

A copy c’tor and an assignment operator.

��� �����(���������+�� ��4�!"� 

template <typename T>
void swap(T& a, T& b)
{

T temp = a;
a = b;
b = temp;

}

template <typename T>
void swap(T& a, T& b)
{

T temp = a;
a = b;
b = temp;

}

copy c’tor

operator =

String s1, s2;
…
swap(s1,s2);

String s1, s2;
…
swap(s1,s2);

int x = 5, y = 10;
swap(x,y);

int x = 5, y = 10;
swap(x,y);
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template <class T>
void CopyArray(T a[], T b[], size_t size)
{

for (int i=0; i < size; ++i)
a[i] = b[i];

}

template <class T>
void CopyArray(T a[], T b[], size_t size)
{

for ( int i=0; i < size; ++i)
a[i] = b[i];

}
operator = 

template <class T>
void PrintArray(T *a, size_t n)
{

for (int i = 0; i < n; ++i)
cout �<<�a[i] �<<�endl;

cout<<"\n";
}

template <class T>
void PrintArray(T *a, size_t n)
{

for ( int i = 0; i < n; ++i)
cout �<<�a[i] �<<�endl;

cout<< "\n" ;
}

operator <<
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template <class Comparable>
void quicksort(Comparable a[], int left, int right){

if (left >= right) // array contains less than 2 elements
return;

int last = left;
for (int i = left+1; i <= right; ++i)

if (a[i] < a[left]) // < needs to be defined for T
Swap(a[++last], a[i]);

Swap(a[left], a[last]);
quicksort(a, left, last-1);
quicksort(a, last+1, right);

}

template <class Comparable>
void quicksort(Comparable a[], int left, int right){

if (left >= right) // array contains less than 2 elements
return ;

int last = left;
for ( int i = left+1; i <= right; ++i)

if (a[i] < a[left]) // < needs to be defined for T
Swap(a[++last], a[i]);

Swap(a[left], a[last]);
quicksort(a, left, last-1);
quicksort(a, last+1, right);

}

Just a visual clue, no significance 
to the compiler
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int main( )  
{

string names[array_size];
int numbers[array_size];

cout<<"Enter "<<array_size<<" names: "<<endl;
for (int i=0; i<array_size; ++i)

cin>>names[i];
quicksort(names, 0, array_size-1);
PrintArray(names,array_size);

// now with numbers
cout<<"Enter "<<array_size<<" integers: "<<endl;
for (int i=0; i<array_size; ++i)

cin>>numbers[i];
quicksort(numbers, 0, array_size-1);
PrintArray(numbers,array_size);

return 0;
}

int main( )  
{

string names[array_size];
int numbers[array_size];

cout<< "Enter " <<array_size<< " names: " <<endl;
for ( int i=0; i<array_size; ++i)

cin>>names[i];
quicksort(names, 0, array_size-1);
PrintArray(names,array_size);

// now with numbers
cout<< "Enter " <<array_size<< " integers: " <<endl;
for ( int i=0; i<array_size; ++i)

cin>>numbers[i];
quicksort(numbers, 0, array_size-1);
PrintArray(numbers,array_size);

return 0;
}

����� ��� ��������!

template <class T1, class T2>template <class T1, class T2>

template <class key, class value>
void SortByKey(key a[], value b[], int size);

template <class key, class value>
void SortByKey(key a[], value b[], int size);
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template<class T>
class Vect
{ 
public: 

//constructors and destructor 
Vect(); //create a size 10 array 
Vect(size_t n); //create a size n array 
Vect(const T a[], size_t n); //initialization by array 
Vect(const Vect<T>& v); //copy constructor 
~Vect() { delete []p; } 
int Size() const {return size;}
Vect<T>& operator=(const Vect<T>& v);
T& operator[](int i) const; //obtain range checked element 

private: 
enum{DEFAULTSIZE = 10};
T *p; //base pointer 
size_t size; //number of elements

}; 
#include "vect_imp.h"

template <class T>
class Vect
{ 
public : 

//constructors and destructor 
Vect(); //create a size 10 array 
Vect(size_t n); //create a size n array 
Vect( const T a[], size_t n); //initialization by array 
Vect( const Vect<T>& v); //copy constructor 
~Vect() { delete []p; } 
int Size() const { return size;}
Vect<T>& operator =( const Vect<T>& v);
T& operator []( int i) const ; //obtain range checked element 

private : 
enum{DEFAULTSIZE = 10};
T *p; //base pointer 
size_t size; //number of elements

}; 
#include "vect_imp.h"

G��� �+�� ���D �H���!

// file: vect_imp.h
// Implementation of a safe array template Vect
template <class T>
Vect<T>::Vect()//default c'tor
:size(DEFAULTSIZE) {

p = new T[size];
if(p==NULL) {

cout<<"Unable to allocate memory"<<endl;
exit(1);

}
}

template <class T>
Vect<T>::Vect(size_t n)
:size(n) {

p = new T[size];
if(p==NULL) {

cout<<"Unable to allocate memory"<<endl;
exit(1);

}
}

// file: vect_imp.h
// Implementation of a safe array template Vect
template <class T>
Vect<T>::Vect() //default c'tor
:size(DEFAULTSIZE) {

p = new T[size];
if (p==NULL) {

cout<< "Unable to allocate memory" <<endl;
exit(1);

}
}

template <class T>
Vect<T>::Vect(size_t n)
:size(n) {

p = new T[size];
if (p==NULL) {

cout<< "Unable to allocate memory" <<endl;
exit(1);

}
}

template <class T>
Vect<T>::Vect(const T a[], size_t n) //initialization  by array 
:size(n) {

p = new T[size];
if(p==NULL)
{

cout<<"Unable to allocate memory"<<endl;
exit(1);

}
for(int i=0; i<size; ++i)

p[i] = a[i];
}

template <class T>
Vect<T>::Vect(const Vect<T>& v) { //copy constructor

p = NULL;  // so it can be deleted
*this = v; // uses overloaded operator=

}

template <class T>
Vect<T>::Vect( const T a[], size_t n) //initialization by array 
:size(n) {

p = new T[size];
if (p==NULL)
{

cout<< "Unable to allocate memory" <<endl;
exit(1);

}
for ( int i=0; i<size; ++i)

p[i] = a[i];
}

template <class T>
Vect<T>::Vect( const Vect<T>& v) { //copy constructor

p = NULL;  // so it can be deleted
* this = v; // uses overloaded operator=

}

G��� �+�� ���D ������H���!
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template <class T>
Vect<T>& Vect<T>::operator=(const Vect<T>& v) {

if(&v==this)
return *this;

delete []p;
size = v.size;
p = new T[size];
if(p==NULL) {

cout<<"Unable to allocate memory"<<endl;
exit(1);

}
for(int i=0; i<size; ++i)

p[i] = v.p[i];
return *this;

}

template <class T>
Vect<T>& Vect<T>:: operator =( const Vect<T>& v) {

if (&v== this )
return * this ;

delete []p;
size = v.size;
p = new T[size];
if (p==NULL) {

cout<< "Unable to allocate memory" <<endl;
exit(1);

}
for ( int i=0; i<size; ++i)

p[i] = v.p[i];
return * this ;

}

G��� �+�� ���D � ������IJ

template <class T>
inline T& Vect<T>::operator[](int i) const
{

if(i<0  ||  i>=size)
{

cerr<<"illegal Vect index: "<<i<<"\n";
exit(1);

}
return p[i];

}

template <class T>
inline T& Vect<T>:: operator []( int i) const
{

if (i<0  ||  i>=size)
{

cerr<< "illegal Vect index: " <<i<< "\n" ;
exit(1);

}
return p[i];

}
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template <class T>
ostream& operator<<(ostream& out, const Vect<T>& v) {

for(int i=0; i<v.Size(); ++i) {
out<< v[i]<<endl;

}
return out;

}

template <class T>
istream& operator>>(istream& in, Vect<T>& v) {

for(int i=0; i<v.Size(); ++i) {
in>>v[i];

}
return in;

}

template <class T>
ostream& operator <<(ostream& out, const Vect<T>& v) {

for ( int i=0; i<v.Size(); ++i) {
out<< v[i]<<endl;

}
return out;

}

template <class T>
istream& operator >>(istream& in, Vect<T>& v) {

for ( int i=0; i<v.Size(); ++i) {
in>>v[i];

}
return in;

}

G��� �+�� ���> =���<!���

template <class T>
void Swap(T& a, T& b);

template <class T>
void quicksort(Vect<T>& a, int left, int right) {

if (left >= right) // array contains less than 2 elements
return;

Swap(a[left], a[(left + right)/2]);
int last = left;
for (int i = left+1; i <= right; ++i)

if (a[i] < a[left])
Swap(a[++last], a[i]);

Swap(a[left], a[last]);
quicksort(a, left, last-1);
quicksort(a, last+1, right);

}

template <class T>
void Swap(T& a, T& b);

template <class T>
void quicksort(Vect<T>& a, int left, int right) {

if (left >= right) // array contains less than 2 elements
return ;

Swap(a[left], a[(left + right)/2]);
int last = left;
for ( int i = left+1; i <= right; ++i)

if (a[i] < a[left])
Swap(a[++last], a[i]);

Swap(a[left], a[last]);
quicksort(a, left, last-1);
quicksort(a, last+1, right);

}

G��� �+�� ���D ������� ������

int main()
{

size_t size;
cout<<"Input array size: ";
cin>>size;
Vect<Student> v(size); 
cin>>v;

quicksort(v,0,size-1);

cout<<endl;
cout<<v;
cout<<endl;
return 0;

}

int main()
{

size_t size;
cout<< "Input array size: " ;
cin>>size;
Vect<Student> v(size); 
cin>>v;

quicksort(v,0,size-1);

cout<<endl;
cout<<v;
cout<<endl;
return 0;

}

��K

� ���������������� �����K�������,��K-�
�������!��� �����������!��(�&�����������
���������!
�,#�!��������(����������������


� ;�����!��������K��������!���&���������!!�
������!�!��������������G��� �+�� ��


� ����(����"����!�����!��"!���!�� ����������
�����(�����


��� ����������(���&�����
#include <vector>
#include <algorithm> // for sort
#include <iostream>
using namespace std;
#include "student.h"

typedef vector<Student> StuVect;

int main() {
size_t size;
cout<<"Input array size: ";
cin>>size;
StuVect v(size); 
for (int i=0;i<size;++i) cin>>v[i];
StuVect::iterator startv = v.begin() ;   // first ele ment of v 
StuVect::iterator endv = v.end() ;       // last elem ent of v
sort(startv, endv) ;
cout<<endl;
for (int i=0;i<size;++i) cout<<v[i];
cout<<endl;
return 0;

}

#include <vector>
#include <algorithm> // for sort
#include <iostream>
using namespace std;
#include "student.h"

typedef vector<Student> StuVect;

int main() {
size_t size;
cout<< "Input array size: " ;
cin>>size;
StuVect v(size); 
for ( int i=0;i<size;++i) cin>>v[i];
StuVect::iterator startv = v.begin() ;   // first element of v 
StuVect::iterator endv = v.end() ;       // last element of v
sort(startv, endv) ;
cout<<endl;
for ( int i=0;i<size;++i) cout<<v[i];
cout<<endl;
return 0;

}

head

BSTNodeT

T T

Tree

BSTNode BSTNode
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template<class T>
class BstNode
{

BstNode<T> *left, *right, *parent;
T* pData;
int item_id;
BstNode(const BstNode<T>&); 
BstNode<T>& operator=(const BstNode<T>&);

public:
BstNode():left(0),right(0),parent(0),

item_id(0),pData(new T){}
BstNode(T* pd, int id):left(0),right(0),parent(0),item_id(id)

{pData = new T; *pData = *pd;}
~BstNode(){delete left; delete right; delete pData;}

template <class T>
class BstNode
{

BstNode<T> *left, *right, *parent;
T* pData;
int item_id;
BstNode( const BstNode<T>&); 
BstNode<T>& operator =( const BstNode<T>&);

public :
BstNode():left(0),right(0),parent(0),

item_id(0),pData( new T){}
BstNode(T* pd, int id):left(0),right(0),parent(0),item_id(id)

{pData = new T; *pData = *pd;}
~BstNode(){ delete left; delete right; delete pData;}

$H��� �!� ��&���

BstNode<T>* getLeft(){return left;}
BstNode<T>* getRight(){return right;}
BstNode<T>* getParent(){return parent;}
T* getData(){return pData;}
int getID(){return item_id;}
void setID(int id){item_id=id;}
void setLeft(BstNode<T>* l){left=l;}
void setRight(BstNode<T>* r){right=r;}
void setParent(BstNode<T>* p){parent=p;}
void setData(const T& d){*pData = d;}
void Insert(BstNode<T>* newNode);
BstNode<T>* Find(const T& d);

};

BstNode<T>* getLeft(){ return left;}
BstNode<T>* getRight(){ return right;}
BstNode<T>* getParent(){ return parent;}
T* getData(){ return pData;}
int getID(){ return item_id;}
void setID( int id){item_id=id;}
void setLeft(BstNode<T>* l){left=l;}
void setRight(BstNode<T>* r){right=r;}
void setParent(BstNode<T>* p){parent=p;}
void setData( const T& d){*pData = d;}
void Insert(BstNode<T>* newNode);
BstNode<T>* Find( const T& d);

};

Externally implemented functions

template <class T>
void BstNode<T>::Insert(BstNode<T>* newNode){

if(*(newNode->pData) > *pData){
if(right){

right->Insert(newNode);
return;

}
else{

right = newNode;
right->setParent(this);

}
}
else{

if(left){
left->Insert(newNode);
return;

}
else{

left = newNode;
left->setParent(this);

}
}

}

template <class T>
void BstNode<T>::Insert(BstNode<T>* newNode){

if (*(newNode->pData) > *pData){
if (right){

right->Insert(newNode);
return ;

}
else {

right = newNode;
right->setParent( this );

}
}
else {

if (left){
left->Insert(newNode);
return ;

}
else {

left = newNode;
left->setParent( this );

}
}

}

Recursive call

T has to be comparable

template <class T>
BstNode<T>* BstNode<T>::Find(const T& d)
{

if(d == *pData)
return this;

else if(d > *pData)
return right?right->Find(d):NULL;

else
return left?left->Find(d):NULL;

}

template <class T>
BstNode<T>* BstNode<T>::Find( const T& d)
{

if (d == *pData)
return this ;

else if (d > *pData)
return right?right->Find(d):NULL;

else
return left?left->Find(d):NULL;

}

Recursion again

template<class T>
class Tree
{

BstNode<T>* head;
int counter; // counts the nodes in the tree
int id_counter; // counts nodes, including those deleted
Tree(const Tree<T>& t);
Tree<T> operator=(const Tree<T>& t);

public:
Tree():head(0),counter(0),id_counter(0){}
~Tree(){delete head;}
int GetID_counter(){return id_counter;} 
int GetCounter(){return counter;} 
BstNode<T>* GetHead(){return head;} 
void Insert(T* pData);
bool Delete(const T& d);// delete a node
void Delete(); // delete the whole tree

};

template <class T>
class Tree
{

BstNode<T>* head;
int counter; // counts the nodes in the tree
int id_counter; // counts nodes, including those deleted
Tree( const Tree<T>& t);
Tree<T> operator =( const Tree<T>& t);

public :
Tree():head(0),counter(0),id_counter(0){}
~Tree(){ delete head;}
int GetID_counter(){ return id_counter;} 
int GetCounter(){ return counter;} 
BstNode<T>* GetHead(){ return head;} 
void Insert(T* pData);
bool Delete( const T& d); // delete a node
void Delete(); // delete the whole tree

};

Externally implemented

template<class T>
void Tree<T>::Insert(T* pData)
{

counter++;
id_counter++;

BstNode<T> *newNode = new BstNode<T>(pData, id_counter);
if(head)

head->Insert(newNode);
else

head = newNode;
}

template <class T>
void Tree<T>::Insert(T* pData)
{

counter++;
id_counter++;

BstNode<T> *newNode = new BstNode<T>(pData, id_counter);
if (head)

head->Insert(newNode);
else

head = newNode;
}
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// delete the whole tree
template<class T>
void Tree<T>::Delete()
{

delete head; // initiates recursion
head = 0; 
counter = id_counter = 0; 

}

// delete the whole tree
template <class T>
void Tree<T>::Delete()
{

delete head; // initiates recursion
head = 0; 
counter = id_counter = 0; 

}
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// delete a node in the tree
template<class T>
bool Tree<T>::Delete(const T& d) {

if(!head)
return false;

BstNode<T>* item2del = head->Find(d);
if(item2del == NULL)

return false;
counter--;

if(item2del->getLeft() == 0) { // left son is empty
if(item2del->getRight() == 0) { // a leaf

if(item2del->getParent()) { // not head
{

if (item2del->getParent()->getRight() == item2del)
item2del->getParent()->setRight(0);

else
item2del->getParent()->setLeft(0);

}
else // delete head

head = 0;
}

// delete a node in the tree
template <class T>
bool Tree<T>::Delete( const T& d) {

if (!head)
return false ;

BstNode<T>* item2del = head->Find(d);
if (item2del == NULL)

return false ;
counter--;

if (item2del->getLeft() == 0) { // left son is empty
if (item2del->getRight() == 0) { // a leaf

if (item2del->getParent()) { // not head
{

if (item2del->getParent()->getRight() == item2del)
item2del->getParent()->setRight(0);

else
item2del->getParent()->setLeft(0);

}
else // delete head

head = 0;
}

1

else // not a leaf
{

if(item2del->getParent()) // not head
{

if (item2del->getParent()->getRight() == item2del)
item2del->getParent()->setRight(item2del->getRight( ));

else
item2del->getParent()->setLeft(item2del->getRight() );

item2del->getRight()->setParent(item2del->getParent ());
}
else // delete head
{

head = item2del->getRight();
item2del->getRight()->setParent(0);

}
}

}

else // not a leaf
{

if (item2del->getParent()) // not head
{

if (item2del->getParent()->getRight() == item2del)
item2del->getParent()->setRight(item2del->getRight( ));

else
item2del->getParent()->setLeft(item2del->getRight() );

item2del->getRight()->setParent(item2del->getParent ());
}
else // delete head
{

head = item2del->getRight();
item2del->getRight()->setParent(0);

}
}

}

2

else if(item2del->getRight() == 0) // right child em pty but left son not
{

if(item2del->getParent()) // not head
{

if (item2del->getParent()->getRight() == item2del)
item2del->getParent()->setRight(item2del->getLeft() );

else
item2del->getParent()->setLeft(item2del->getLeft()) ;

if(item2del->getLeft())
item2del->getLeft()->setParent(item2del->getParent( ));

}
else // delete head
{

head = item2del->getLeft();
if(item2del->getLeft())

item2del->getLeft()->setParent(0);
}

}

else if (item2del->getRight() == 0) // right child empty but left son not
{

if (item2del->getParent()) // not head
{

if (item2del->getParent()->getRight() == item2del)
item2del->getParent()->setRight(item2del->getLeft() );

else
item2del->getParent()->setLeft(item2del->getLeft()) ;

if (item2del->getLeft())
item2del->getLeft()->setParent(item2del->getParent( ));

}
else // delete head
{

head = item2del->getLeft();
if (item2del->getLeft())

item2del->getLeft()->setParent(0);
}

}

3
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else // both sons are not empty
{

BstNode<T>* replacement  = item2del->getLeft();
BstNode<T>* checkReplacement = replacement->getRight ();

while(checkReplacement) 
{

replacement = checkReplacement;
checkReplacement = checkReplacement->getRight();

}
// replacement is the node to replace item2del
// taking care of right son
item2del->setData(*replacement->getData());
item2del->setID(replacement->getID());
// replacement will be deleted
item2del=replacement;
// proceed as in the case where the right son is em pty
if (item2del->getParent()->getRight() == item2del)

item2del->getParent()->setRight(item2del->getLeft() );
else

item2del->getParent()->setLeft(item2del->getLeft()) ;
if(item2del->getLeft())

item2del->getLeft()->setParent(item2del->getParent( ));
}

else // both sons are not empty
{

BstNode<T>* replacement  = item2del->getLeft();
BstNode<T>* checkReplacement = replacement->getRight ();

while (checkReplacement) 
{

replacement = checkReplacement;
checkReplacement = checkReplacement->getRight();

}
// replacement is the node to replace item2del
// taking care of right son
item2del->setData(*replacement->getData());
item2del->setID(replacement->getID());
// replacement will be deleted
item2del=replacement;
// proceed as in the case where the right son is em pty
if (item2del->getParent()->getRight() == item2del)

item2del->getParent()->setRight(item2del->getLeft() );
else

item2del->getParent()->setLeft(item2del->getLeft()) ;
if (item2del->getLeft())

item2del->getLeft()->setParent(item2del->getParent( ));
}

4

item2del->setLeft(0); // so it can be deleted 
item2del->setRight(0);// without ruining its sons
delete item2del;
return true;

}

item2del->setLeft(0); // so it can be deleted 
item2del->setRight(0); // without ruining its sons
delete item2del;
return true ;

}

template <class T>
ostream& operator<<(ostream& out, Tree<T>& t)
{

if(t.GetCounter() == 0)
out<<"There are no elements in the tree\n"<<endl;

else
{

if(t.GetCounter() == 1)
out<<"There is 1 element ";

else
out<<"There are "<<t.GetCounter()<<" elements ";

out<<"in the tree:"<<endl;
out<<*t.GetHead()<<endl;

}
return out;

}

template <class T>
ostream& operator <<(ostream& out, Tree<T>& t)
{

if (t.GetCounter() == 0)
out<< "There are no elements in the tree\n" <<endl;

else
{

if (t.GetCounter() == 1)
out<< "There is 1 element " ;

else
out<< "There are " <<t.GetCounter()<< " elements " ;

out<< "in the tree:" <<endl;
out<<*t.GetHead()<<endl;

}
return out;

}

� ������??
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template <class T>
ostream& operator<<(ostream& out, BstNode<T>& n)
{

if(n.getLeft())
out<<*n.getLeft();

out<<"\n(id = "<<n.getID()<<")"<<endl;
out<< *n.getData();
if(n.getRight())

out<<*n.getRight();
return out;

}

template <class T>
ostream& operator <<(ostream& out, BstNode<T>& n)
{

if (n.getLeft())
out<<*n.getLeft();

out<< "\n(id = " <<n.getID()<< ")" <<endl;
out<< *n.getData();
if (n.getRight())

out<<*n.getRight();
return out;

}

� ������??
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template<>
class BstNode<char*>
{

//class definition here
};

template <>
class BstNode< char *>
{

//class definition here
}; A
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Vect<int> v1(size); 
cin >> v1;
Vect<double> v2 = v1; // error

Vect< int > v1(size); 
cin >> v1;
Vect< double > v2 = v1; // error

���������� ����!�D ����H�
template<class T>
class Vect { 
public: 

Vect();                      //create a size 10 arr ay 
Vect(size_t n);              //create a size n array  
Vect(const T a[], size_t n); //initialization by arra y 
Vect(const Vect<T>& v);      //copy constructor 

template <class E>
Vect(const Vect<E>& v);      //template copy constru ctor 

~Vect() { delete []p; } 
int Size() const {return size;}
Vect<T>& operator=(const Vect<T>& v);

template <class E>
Vect<T>& operator=(const Vect<E>& v);

T& operator[](int i) const;  //obtain range checked element 
private: 

enum{DEFAULTSIZE = 10};
T *p; //base pointer 
size_t size; //number of elements

};

template <class T>
class Vect { 
public : 

Vect();                      //create a size 10 array 
Vect(size_t n);              //create a size n array 
Vect( const T a[], size_t n); //initialization by array 
Vect( const Vect<T>& v);      //copy constructor 

template <class E>
Vect( const Vect<E>& v);      //template copy constructor 

~Vect() { delete []p; } 
int Size() const { return size;}
Vect<T>& operator =( const Vect<T>& v);

template <class E>
Vect<T>& operator =( const Vect<E>& v);

T& operator []( int i) const ;  //obtain range checked element 
private : 

enum{DEFAULTSIZE = 10};
T *p; //base pointer 
size_t size; //number of elements

};

Additional template

���������� ����!�D ����H�

template <class T>
template <class E>
Vect<T>::Vect(const Vect<E>& v) //copy constructor 
{

p = NULL;  // so it can be deleted
*this = v; // uses overloaded operator=

}

template <class T>
template <class E>
Vect<T>& Vect<T>::operator=(const Vect<E>& v)
{

delete []p;
size = v.Size();
p = new T[size];
// should check if allocation succeeded
for(int i=0; i<size; ++i)

p[i] = v[i];
return *this;

}

template <class T>
template <class E>
Vect<T>::Vect( const Vect<E>& v) //copy constructor 
{

p = NULL;  // so it can be deleted
* this = v; // uses overloaded operator=

}

template <class T>
template <class E>
Vect<T>& Vect<T>:: operator =( const Vect<E>& v)
{

delete []p;
size = v.Size();
p = new T[size];
// should check if allocation succeeded
for ( int i=0; i<size; ++i)

p[i] = v[i];
return * this ;

}
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#include <vector>
using std::vector;

template <typename T, typename Container = vector<T> >

#include <vector>
using std::vector;

template <typename T, typename Container = vector<T> >

Default parameter

The space is compulsory

Grid<int> myIntGrid2;Grid< int > myIntGrid2;

A
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template <typename T, int WIDTH, int HEIGHT>
class Grid
{
public:

void setElementAt(int x, int y, const T& inElem);
T& getElementAt(int x, int y);
const T& getElementAt(int x, int y) const;
int getHeight() const { return HEIGHT; }
int getWidth() const { return WIDTH; }

protected:
T mCells[WIDTH][HEIGHT];

};

template <typename T, int WIDTH, int HEIGHT>
class Grid
{
public :

void setElementAt( int x, int y, const T& inElem);
T& getElementAt( int x, int y);
const T& getElementAt( int x, int y) const ;
int getHeight() const { return HEIGHT; }
int getWidth() const { return WIDTH; }

protected :
T mCells[WIDTH][HEIGHT];

};
An automatic 
array

nontype
parameters

A

3��>�� ����� ��������������!

template <typename T, int WIDTH, int HEIGHT>
void Grid<T, WIDTH, HEIGHT>::setElementAt(int x, int y, 
const T& inElem)
{

mCells[x][y] = inElem;
}
template <typename T, int WIDTH, int HEIGHT>
T& Grid<T, WIDTH, HEIGHT>::getElementAt(int x, int y)
{

return (mCells[x][y]);
}
template <typename T, int WIDTH, int HEIGHT>
const T& Grid<T, WIDTH, HEIGHT>::getElementAt(int x, int
y) const
{

return (mCells[x][y]);
}

template <typename T, int WIDTH, int HEIGHT>
void Grid<T, WIDTH, HEIGHT>::setElementAt( int x, int y, 
const T& inElem)
{

mCells[x][y] = inElem;
}
template <typename T, int WIDTH, int HEIGHT>
T& Grid<T, WIDTH, HEIGHT>::getElementAt( int x, int y)
{

return (mCells[x][y]);
}
template <typename T, int WIDTH, int HEIGHT>
const T& Grid<T, WIDTH, HEIGHT>::getElementAt( int x, int
y) const
{

return (mCells[x][y]);
}

A
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� � � � � ��
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 � � �int main()

{
Grid<int, 7, 5> myGrid;
Grid<int, 7, 5> anotherGrid;
myGrid.setElementAt(2, 3, 45);
anotherGrid = myGrid;
cout << anotherGrid.getElementAt(2, 3);

return (0);
}

int main()
{

Grid< int , 7, 5> myGrid;
Grid< int , 7, 5> anotherGrid;
myGrid.setElementAt(2, 3, 45);
anotherGrid = myGrid;
cout << anotherGrid.getElementAt(2, 3);

return (0);
}

nontype
parameters

It will work only if 
sizes are same. Why?

Q: How we can define copying of 
Grids of different sizes ?

A: Method templates ?

A
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method templates
template <typename T, int WIDTH = 10, int HEIGHT = 10>
class Grid
{
public:

Grid() {}

template <typename E, int WIDTH2, int HEIGHT2>
Grid(const Grid<E, WIDTH2, HEIGHT2>& src);

template <typename E, int WIDTH2, int HEIGHT2>
Grid<T, WIDTH, HEIGHT>& operator=(const Grid<E, WIDT H2, HEIGHT2>& rhs);

void setElementAt(int x, int y, const T& inElem);
T& getElementAt(int x, int y);
const T& getElementAt(int x, int y) const;
int getHeight() const { return HEIGHT; }
int getWidth() const { return WIDTH; }

protected:
template <typename E, int WIDTH2, int HEIGHT2>
void copyFrom(const Grid<E, WIDTH2, HEIGHT2>& src);

T mCells[WIDTH][HEIGHT];
};

template <typename T, int WIDTH = 10, int HEIGHT = 10>
class Grid
{
public :

Grid() {}

template <typename E, int WIDTH2, int HEIGHT2>
Grid( const Grid<E, WIDTH2, HEIGHT2>& src);

template <typename E, int WIDTH2, int HEIGHT2>
Grid<T, WIDTH, HEIGHT>& operator =( const Grid<E, WIDTH2, HEIGHT2>& rhs);

void setElementAt( int x, int y, const T& inElem);
T& getElementAt( int x, int y);
const T& getElementAt( int x, int y) const ;
int getHeight() const { return HEIGHT; }
int getWidth() const { return WIDTH; }

protected :
template <typename E, int WIDTH2, int HEIGHT2>
void copyFrom( const Grid<E, WIDTH2, HEIGHT2>& src);

T mCells[WIDTH][HEIGHT];
};

Method parameters

Default 
parameters

A

3��>�� ����� ��������������!

� � � � � � � 
 	 �� � � � � � 
 � ��

method templates

template <typename T, int WIDTH, int HEIGHT>
template <typename E, int WIDTH2, int HEIGHT2>
Grid<T, WIDTH, HEIGHT>::Grid(const Grid<E, WIDTH2, H EIGHT2>& src)
{

copyFrom(src);
}

template <typename T, int WIDTH, int HEIGHT>
template <typename E, int WIDTH2, int HEIGHT2>
Grid<T, WIDTH, HEIGHT>& Grid<T, WIDTH, HEIGHT>::ope rator=(

const Grid<E, WIDTH2, HEIGHT2>& rhs)
{

// no need to check for self-assignment because this ver sion of
// assignment is never called when T and E are the same
// No need to free any memory first
copyFrom(rhs);
return (*this);

}

template <typename T, int WIDTH, int HEIGHT>
template <typename E, int WIDTH2, int HEIGHT2>
Grid<T, WIDTH, HEIGHT>::Grid( const Grid<E, WIDTH2, HEIGHT2>& src)
{

copyFrom(src);
}

template <typename T, int WIDTH, int HEIGHT>
template <typename E, int WIDTH2, int HEIGHT2>
Grid<T, WIDTH, HEIGHT>& Grid<T, WIDTH, HEIGHT>:: operator =(

const Grid<E, WIDTH2, HEIGHT2>& rhs)
{

// no need to check for self-assignment because this ver sion of
// assignment is never called when T and E are the same
// No need to free any memory first
copyFrom(rhs);
return (* this );

}

A
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method templates

template <typename T, int WIDTH, int HEIGHT>
template <typename E, int WIDTH2, int HEIGHT2>
void Grid<T, WIDTH, HEIGHT>::copyFrom( const Grid<E, WIDTH2, HEIGHT2>& src)
{

int i, j;
for (i = 0; i < WIDTH; i++) {

for (j = 0; j < HEIGHT; j++) {
if (i < WIDTH2 && j < HEIGHT2) {

mCells[i][j] = src.getElementAt(i, j);
} else {

mCells[i][j] = T();
}

}
}

}

template <typename T, int WIDTH, int HEIGHT>
template <typename E, int WIDTH2, int HEIGHT2>
void Grid<T, WIDTH, HEIGHT>::copyFrom( const Grid<E, WIDTH2, HEIGHT2>& src)
{

int i, j;
for (i = 0; i < WIDTH; i++) {

for (j = 0; j < HEIGHT; j++) {
if (i < WIDTH2 && j < HEIGHT2) {

mCells[i][j] = src.getElementAt(i, j);
} else {

mCells[i][j] = T();
}

}
}

}

A
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