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Why Templates?
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void sort(int *is,int n);
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inline void Swap( int &x, int &y){

intt=x;x=vy;y =t;
}

inline void Swap(double &x, double &y){
doublet=x;x=vy;y =t;
}




Why Templates?

void f(){
int a=3,b =5;
double x=2.4, y=9;
charc=C’,, e="L;
Swap(a,b);
Swap(x,y);
Swap(c,e); //%5!



Function Templates

inline void Swap(double &x, double &y){
doublet=x;X‘v;V =t
}

emplate <class T> %
void Swap( T &x, T &y){

Tt=x;x=vy;y
}



Function Templates

struct student{
string name;
int age;

b

void f(){
string s1(“Li”),s2(“Wang”);
student stul,stu?2;
swap(sl,s2);
swap(stul,stu2);



Function Templates

 The format for declaring a function template is:

fﬂﬂctiﬂn_dEclarﬂtiGﬂ;

fiurction declaration;

void Swap( T &x, T &y){
Tt=xx=y;y =t
}



Function Templates

* To invoke a function template, we use:

function name <type> (parameters);

r

template <typename T>
T sum(const T a, const T b)
return a + b;

int main{) {
cout << sum<int>(1l, 2) << endl;
cout << sum<float>(1.21, Z2.43) << endl;
return 0;



Function Templates

* Itis also possible to invoke a function template
without giving an explicit type. B 227 2

SEFRZ B A HE W

int main/)

cout << sum(l,
cout << sum(l.21, 2.43)

return 0;

L1/

Ko

2} << endl;

<< endl;

AT LA



Function Templates

 Templates can also specify more than one type
parameter. For example:

#include <ilostream>
using namespace std;

template <typename T, typename U>
U sum{const T a, const U b) {
return a + b;

}

int main() |
cout << sum<int, fleoat>(1l, 2.5) << endl;
return 0;



Class templates

e (Class templates are also possible, in much the same

way we have written function templates:

#include <iostream>
using namespace std;
template <typename T>

class Point {
private: TX,V;
public:

Point(const T u, const T v) : x(u), y(v) {}
T getX() { return x; }
T getY() { returny; }

¥

int main() {
Point<float> fpoint(2.5, 3.5);
cout << fpoint.getX() << ", " << fpoint.getY() << endl;
return O;

b



Class templates

* To declare member functions externally, we use the
following syntax:

template <tvpename T
T claasnamE{T}::functiﬁn_name{}

* for example, getX could have been declared in the
following way:

template <tvyvpename T>
T Polnt<T>::getX() { return x; }



Templates
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0] == (F2H)

class Vector{
public:
Vector( int cElements );
~Vector() {delete[] _iElements;}
int& operator[]( int nSubscript );
private:
int *_iElements;
int _iUpperBound;
;
Vector:: Vector(int cElements ){
_iElements = new int[cElements]; _iUpperBound = cElements;
}
int& Vector:: operator[]( int nSubscript ){
if(nSubscript >=0&&nSubscript <_iUpperBound)
return _iElements[nSubscript |;



) = (A 2H)

int main(){
Vector v( 10 ); /1R E (B4
for(inti=0;i<10; ++i)
vii] =i;
v[2] = 34.56; //%: Vector R BeAE IS
return v[0O];

}

XMVector R BEF R, AT E— N FI
student) 7] =g ?



i) (K4 ) A

class Vector{
public:
Vector( int cElements );
~Vector() { delete _iElements; }
int& operator[]( int nSubscript );
private:
int * iElements;
int _iUpperBound;

5



7] 2 (U ) BEAR

template <class T>
class Vector{
public:
Vector( int cElements );
~Vector() { delete _iElements; }
T & operator[]( int nSubscript );
private:
T *_iElements;
int _iUpperBound;

5




i) (K4 ) A

Vector::Vector( int cElements ){
_iElements = new int[cElements];

_iUpperBound = cElements;
} e

template <class T>

Vector <T> ::Vector( int cElements ){
_iElements = new T[cElements];

_iUpperBound = cElements;

}

R HIRE

- B Vector<T>



i) (K4 ) A

int& Vector ::operator[]( int nSubscript ){
if ( nSubscript >= 0&&nSubscript<iUpperBound )
return _iElements[nSubscript];
else{ throw std::out_of range("out_of range]");}

}

N

template <class T>
T & Vector<T> ::operator[]( int nSubscript ){
if ( nSubscript >= 0&&nSubscript<iUpperBound )
return _iElements[nSubscript];
else{ throw std::out_of range("out_of range]"); }



i) (K4 ) A

#tinclude <string>
int main(){
Vector<int> v(10);  //SEBILARER
for(inti=0;i<10; ++i)
v(i] =i;

Vector<string> s( 10 );
s[2] = “hello!”;

s[4] = s[2];

return v[0];



Rt 24k / Template Instantiation
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Vector<int>
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Mt 241/ template parameters
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Rt 241/ template parameters

template <typename T, int size=20>

class Vector{
public:
Vector(): _iUpperBound(size){};
T & operator[]( int nSubscript );
private:
T _iElements]size];
int _iUpperBound;

5
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int i= 6;
Vector<int , 45> intVec; //OK
Vector<int , i> intVec2; //Error
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template <typename T = int>
class Vector{
public:
Vector( int cElements );
~Vector() { delete[] _iElements; }
T & operator[]( int nSubscript );
private:
T *_iElements;
int _iUpperBound;



R 22401/ Type Equivalence
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String<char> s1; AN
String<unsigned char> s2; -

Y _ HH ]
String<int> s3,

typedef unsigned char Uchar;
String<Uchar> s4;
Buffer<char,10> b2;
Buffer<char,2010> b3;

7

B
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S 24/ Type Equivalence
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String<unsigned char> s2;
String<Uchar> s4;
Buffer<char,10> b2;
Buffer<char,2010> b3;

s4d=s2;// 7L
b3=b2; //1F!



PR %] JH/template specialization
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Pk %1 71 /template specialization

#tinclude <iostream>

using namespace std ;

template <class T>

Tmax(Ta, Tb){ returna>b?a:b;}

int main(){
cout << "max(10, 15) =" << max(10, 15) << end| ;
cout << "max('k’, 's') =" << max('k’, 's') << endl ;
cout << "max(10.1, 15.2) =" << max(10.1, 15.2) << end| ;
cout << "max(\"Aladdin\", \"Jasmine\") ="
<< max("Aladdin", "Jasmine") <<endl ;
return O ;

max(10, 15) = 15

max('k', 's') = s

max(10.1, 15.2) = 15.2
max("Aladdin", "Jasmine") = Aladdin



Pk %1 71 /template specialization

#include <iostream>
#include <cstring>
using namespace std ;

/[Imax returns the maximum of the two elements
template <class T>
Tmax(Ta, Tb){ returna>b?a:b;}

// Specialization of max for char*

template <>

char® max(char* a, char® b){
return strcmp(a, b)>07a:b;

i}nt main(){
/... max(10, 15) = 15
} maX('k|, |S|) =g

max(10.1, 15.2) = 15.2
max("Aladdin", "Jasmine") = Jasmine



#include <liostream>
#include <cctype>
using namespace std;

template <typenams T>
class Container {
private:
T elt;
public:
Container{const T arg) : elt(arg) {}
T inc{) { return £it+l; }
}:

template <>
class Container <char> |

private:
char elt;
public:
Container {const char arg) : elt(arg) {}
char uppercase() { return toupper(elt); 1}
| 51
int main{} f{

Contaliner<int> icont(5);
Container<char> ccont('r');
cout << icont.inc({) << endl;

cout << ccont.uppercase() << endl;
return 0;



Standard Template Library (STL)

e container classes : lists, maps, queues, sets, stacks,
and vectors.

* Algorithms : sequence operations, sorts, searches,
merges, heap operations, and min/max operations.



#include <iostream>
#include <set>

#include <algorithm>
using namespace std;

int main() {
set<int> iset;
iset.insert(5); iset.insert(9); iset.insert(1);
iset.insert(8); iset.insert(3);

cout << "iset contains:";
set<int>::iterator it;
for (it=iset.begin(); it != iset.end(); it++)
cout << " " << *jt;cout << endl;
int searchFor;
cin >> searchFor;
if (binary_search(iset.begin(), iset.end(), searchFor))
cout << "Found " << searchFor << endl;
else
cout << "Did not find " << searchFor << endl;
return O;



using namespace 3td;

main )
i

wvectortstrings 55;

55, push_back ("The number iz 107);
55, push_back ("The number iz 207);
55, push_back ("The number iz 307);

cout <% “Loop by index:” << endl;

11;

for(ii=0: ii € 55.zizel): ii++)

d
I

cout << 35[ii] << endl;

cout << endl << “Constant Iterator:” << endl;

wvectortstrings::const _iterator cii;
for(cii=35.beginl): cii!=55.end(); ciitt)

d
I

cout <% Fcii << endl;

cout << endl << “Rewverse Iterator:” << endl;

vectortstring”: reversze_iterator rii;
foririi=55.rbeginl); rii!=55.rend(); Hrii)
{

I

cout <% Frii << endl;

cout << endl << “Sample Output:” << endl;

cout << 55, =zizel) << endl;
cout << 55[2] << endl;

swap (55 [0], 55[2]);
cout <4 55[2] << endl;



#include <iostreams
#include <wector?

using namespace =td;

mairnl)

{
{{ Declare =zize of two dimensional array and initialize.
vectors wector<intr » wIZMatriz(3, wector<imt>(2,01);

vI2Matrix[0] [0] = O;
wIZ2Matriz[0] [1] = 1;
vI2Matrix[1] [0] = 10;
wI2Matrix[1] [1] = 11;
vI2Matrix[2] [0] = 20;
wI2Matriz[2] [1] = 21;

cout <% “Loop by index:” << endl;

int ii, ji;
for(ii=0: ii < 3; iit++)

|
forijj=0; ji < 2; jit++)
|
cout << wIZMatriz[ii] [§7] << endl;
I
I



#include <iostream>
#include <algorithm>
using namespace std;
void printArray( const int arr[], const int len) {
for (inti=0; i< len;i++) cout<<"" << arr[i];
cout << endl;
}
int main() {
intal]=1{5,7, 2,1, 4,3, 6}
sort(a, a+7);
printArray(a, 7);

rotate(a,a+3,a+7); This program prints out:
printArray(a, 7);

reverse(a, a+7); 1234567
: 4 56 7T FT 2 3
rintArravla, 7):

P v(a, 7); 3217675 4

return O;

} The rotate algorithm rotates the elements in the range [First, Last) to the right by n positions, where n = Middle - First.



TR

SEI— N TE B[R] & SR AR AR Vector
SEIL—/NER B, SR =] DLER B RN AR
MWﬁ@o




