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From C to C++From C to C++
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From C to C++From C to C++
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Memory AllocationMemory Allocation

int *i = (int*) malloc(sizeof(int));int *i = (int*) malloc(sizeof(int));

int *i = new int;int *i = new int;
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Memory AllocationMemory Allocation for for StructsStructs

struct Complex {
int real;
int imag;

};

int main() {

Complex* c = new Complex;

}

struct Complex {
int real;
int imag;

};

int main() {

Complex* c = new Complex;

}
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Memory Allocation for ArraysMemory Allocation for Arrays

int *a = (int*) malloc(n*sizeof(int));int *a = (int*) malloc(n*sizeof(int));

int *a = new int[n];int *a = new int[n];
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Memory Memory DeallocationDeallocation

struct Complex {
int real;
int imag;

};

int main() {
Complex* c = new Complex;

delete c;

}

struct Complex {
int real;
int imag;

};

int main() {
Complex* c = new Complex;

delete c;

}
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Memory Memory DeallocationDeallocation

int main() {

int *a = new int[10];

delete[] a;

}

int main() {

int *a = new int[10];

delete[] a;

}

Need to tell C++ that we delete an array
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Memory Memory allocation/deallocationallocation/deallocation
If you program in CIf you program in C

use use malloc malloc and free (you have no choice anyway)and free (you have no choice anyway)

If you program in C++If you program in C++
use new and deleteuse new and delete
do not mix do not mix malloc/free malloc/free and new/delete on the same and new/delete on the same 
objectsobjects
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StreamsStreams
Standard input/output and filesStandard input/output and files

elegantelegant and typed specification of input/outputand typed specification of input/output

int main() {

int i = 3;
cout << ”i: " << i << endl;

}

int main() {

int i = 3;
cout << ”i: " << i << endl;

}

standard output end of line
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ClassesClasses
class Stack {

int st[MaxStack];

int top;

public:

Stack() : top(0) { }

void push(int v) { st[top++] = v; }

int pop() { return st[--top]; }

bool empty() { return top ==0; }

};

class Stack {

int st[MaxStack];

int top;

public:

Stack() : top(0) { }

void push(int v) { st[top++] = v; }

int pop() { return st[--top]; }

bool empty() { return top ==0; }

};

Initializers

Constructor
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ClassesClasses
int main() {

Stack s;

s.push(3);
s.push(5);
s.push(6);

cout << "Pop: " << s.pop() << endl;
cout << "Pop: " << s.pop() << endl;
cout << "Pop: " << s.pop() << endl;

}

int main() {

Stack s;

s.push(3);
s.push(5);
s.push(6);

cout << "Pop: " << s.pop() << endl;
cout << "Pop: " << s.pop() << endl;
cout << "Pop: " << s.pop() << endl;

}

Stack declaration

method calls
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Classes in C++
EfficiencyEfficiency

no VTBL for methodsno VTBL for methods
compiled as function callscompiled as function calls
–– first argument is first argument is thisthis

Stack allocationStack allocation
the class is allocatedthe class is allocated on the stackon the stack
–– how much space does it take?how much space does it take?

it disappearsit disappears when the function returnswhen the function returns
–– so long, baby! it was nice to meet youso long, baby! it was nice to meet you



3/2/2005 CS-034: Lecture 5 (twd/pvh: 2005) 14

ConstructorsConstructors
class Stack {

int st[MaxStack]; int top;

public:

Stack() : top(0) { }

class Stack {

int st[MaxStack]; int top;

public:

Stack() : top(0) { }

Instance variables can be initialized before the 
body of the constructor is executed
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ClassesClasses
class Stack {

int* st;

int size; int top;

public:

Stack(int s) : top(0), size(s) {

st = new int[s];

}

…

};

class Stack {

int* st;

int size; int top;

public:

Stack(int s) : top(0), size(s) {

st = new int[s];

}

…

};

dynamic array

dynamic array declaration 
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ClassesClasses
int main() {

Stack s(10);

s.push(3);
s.push(5);
s.push(6);
cout << "Pop: " << s.pop() << endl;
cout << "Pop: " << s.pop() << endl;
cout << "Pop: " << s.pop() << endl;

}

int main() {

Stack s(10);

s.push(3);
s.push(5);
s.push(6);
cout << "Pop: " << s.pop() << endl;
cout << "Pop: " << s.pop() << endl;
cout << "Pop: " << s.pop() << endl;

}

Stack declaration

method calls
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ClassesClasses
Static allocationStatic allocation

The class is allocated on the stackThe class is allocated on the stack
The array is allocated on the heapThe array is allocated on the heap

Dynamic allocationDynamic allocation
WhatWhat happens when the function exits?happens when the function exits?
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Welcome the TerminatorWelcome the Terminator
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Welcome the TerminatorWelcome the Terminator
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TerminatorsTerminators��
class Stack {

int* st; int size; int top;

public:

Stack(int s):top(0),size(s){ st = new int[s];}

~Stack() { cout << “so long, stack!” <<endl;}

…

};

class Stack {

int* st; int size; int top;

public:

Stack(int s):top(0),size(s){ st = new int[s];}

~Stack() { cout << “so long, stack!” <<endl;}

…

};

The Terminator
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TerminatorsTerminators
int main() {

Stack s(10);

s.push(3);
s.push(5);
s.push(6);
cout << "Pop: " << s.pop() << endl;
cout << "Pop: " << s.pop() << endl;
cout << "Pop: " << s.pop() << endl;

}

int main() {

Stack s(10);

s.push(3);
s.push(5);
s.push(6);
cout << "Pop: " << s.pop() << endl;
cout << "Pop: " << s.pop() << endl;
cout << "Pop: " << s.pop() << endl;

}

/Users/pvh/courses/cs034 [48] -> a.out
Pop: 6
Pop: 5
Pop: 3
so long, stack!
FlyingComet /Users/pvh/courses/cs034 [49] ->

/Users/pvh/courses/cs034 [48] -> a.out
Pop: 6
Pop: 5
Pop: 3
so long, stack!
FlyingComet /Users/pvh/courses/cs034 [49] ->



3/2/2005 CS-034: Lecture 5 (twd/pvh: 2005) 22

TerminatorsTerminators
class Stack {

int* st; int size; int top;

public:

Stack(int s):top(0),size(s){ st = new int[s];}

~Stack() {

cout << “so long, stack!” <<endl;

delete[] st;

}

…

};

class Stack {

int* st; int size; int top;

public:

Stack(int s):top(0),size(s){ st = new int[s];}

~Stack() {

cout << “so long, stack!” <<endl;

delete[] st;

}

…

};

The Terminator
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TerminatorsTerminators
CalledCalled

when the object goes out of scopewhen the object goes out of scope
Clean the messClean the mess

deallocate deallocate memorymemory
possibly delete other objectspossibly delete other objects
may close files/databases/may close files/databases/……

Because of copyright issuesBecause of copyright issues
they are also called destructorsdestructors
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Dynamic Object AllocationDynamic Object Allocation
int main() {

Stack* s = new Stack(10);

s->push(3);
s->push(5);
s->push(6);
cout << "Pop: " << s->pop() << endl;
cout << "Pop: " << s->pop() << endl;
cout << "Pop: " << s->pop() << endl;

}

int main() {

Stack* s = new Stack(10);

s->push(3);
s->push(5);
s->push(6);
cout << "Pop: " << s->pop() << endl;
cout << "Pop: " << s->pop() << endl;
cout << "Pop: " << s->pop() << endl;

}

/Users/pvh/courses/cs034 [51] -> a.out
Pop: 6
Pop: 5
Pop: 3
FlyingComet /Users/pvh/courses/cs034 [52] ->

/Users/pvh/courses/cs034 [51] -> a.out
Pop: 6
Pop: 5
Pop: 3
FlyingComet /Users/pvh/courses/cs034 [52] ->
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Dynamic Object AllocationDynamic Object Allocation
int main() {

Stack* s = new Stack(10);

s->push(3);
s->push(5);
s->push(6);
cout << "Pop: " << s->pop() << endl;
cout << "Pop: " << s->pop() << endl;
cout << "Pop: " << s->pop() << endl;
delete s;

}

int main() {

Stack* s = new Stack(10);

s->push(3);
s->push(5);
s->push(6);
cout << "Pop: " << s->pop() << endl;
cout << "Pop: " << s->pop() << endl;
cout << "Pop: " << s->pop() << endl;
delete s;

}

/Users/pvh/courses/cs034 [51] -> a.out
Pop: 6
Pop: 5
Pop: 3
so long, stack!
FlyingComet /Users/pvh/courses/cs034 [52] ->

/Users/pvh/courses/cs034 [51] -> a.out
Pop: 6
Pop: 5
Pop: 3
so long, stack!
FlyingComet /Users/pvh/courses/cs034 [52] ->
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Terminators/DestructorsTerminators/Destructors

CalledCalled
when a static object goes out of scopewhen a static object goes out of scope
when a dynamic object is deletedwhen a dynamic object is deleted
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Separation ofSeparation of Interface/ImplementationInterface/Implementation

class Stack {
int* st; int top;

Public:
Stack(int s) : top(0) { st = new int[s]; }
~Stack() {
delete[] st; ���
cout << “so long, stack!” << endl;

}
void push(int v) { st[top++] = v; }
int pop() { return st[--top]; }
bool empty() { return top ==0; }

};

class Stack {
int* st; int top;

Public:
Stack(int s) : top(0) { st = new int[s]; }
~Stack() {
delete[] st; ���
cout << “so long, stack!” << endl;

}
void push(int v) { st[top++] = v; }
int pop() { return st[--top]; }
bool empty() { return top ==0; }

};
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Separation ofSeparation of Interface/ImplementationInterface/Implementation

class Stack {
int* st; int top;

Public:
Stack(int s);
~Stack();
void push(int v);
int pop();
bool empty();

};

class Stack {
int* st; int top;

Public:
Stack(int s);
~Stack();
void push(int v);
int pop();
bool empty();

};
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Separation ofSeparation of Interface/ImplementationInterface/Implementation

Stack::Stack(int s) : top(0) {
st = new int[s];

}
Stack::~Stack() {

delete[] st; ���
cout << “so long, stack!” << endl;

}
void Stack::push(int v) { st[top++] = v; }
int Stack::pop() { return st[--top]; }
bool Stack::empty() { return top ==0; }

Stack::Stack(int s) : top(0) {
st = new int[s];

}
Stack::~Stack() {

delete[] st; ���
cout << “so long, stack!” << endl;

}
void Stack::push(int v) { st[top++] = v; }
int Stack::pop() { return st[--top]; }
bool Stack::empty() { return top ==0; }

Class Qualifier
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InheritanceInheritance

class EStack : public Stack {
int size;

public:
EStack(int s);
int getTop();

}

class EStack : public Stack {
int size;

public:
EStack(int s);
int getTop();

}

new class super class
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InheritanceInheritance

class EStack : public Stack {
int size;

public:
EStack(int s);
int getTop();

}

class EStack : public Stack {
int size;

public:
EStack(int s);
int getTop();

}

EStack::EStack(int s) : Stack(s), size(s) {}EStack::EStack(int s) : Stack(s), size(s) {}

Parent constructor
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InheritanceInheritance

int EStack::getTop() {
return st[top];

}

int EStack::getTop() {
return st[top];

}

class.c: In member function `int EStack::getTop()':
class.c:6: error: `int*Stack::st' is private
class.c:20: error: within this context
class.c:7: error: `int Stack::top' is private
class.c:20: error: within this context

class.c: In member function `int EStack::getTop()':
class.c:6: error: `int*Stack::st' is private
class.c:20: error: within this context
class.c:7: error: `int Stack::top' is private
class.c:20: error: within this context
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InheritanceInheritance

Inheritance requires estate planning
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InheritanceInheritance
Visibility of instance variablesVisibility of instance variables

DeterminesDetermines who can access themwho can access them
PrivatePrivate

only the class can accessonly the class can access
PublicPublic

world visible
ProtectedProtected

only the subclasses can access
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Estate PlanningEstate Planning

class Stack {
protected:

int* st;
int top;

Public:
Stack(int s);
~Stack();
void push(int v);
int pop();
bool empty();

};

class Stack {
protected:

int* st;
int top;

Public:
Stack(int s);
~Stack();
void push(int v);
int pop();
bool empty();

};

accessible to subclasses
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InheritanceInheritance

class EStack : public Stack {
int size;

Public:
EStack(int s);
int getTop();
void resize();

};

class EStack : public Stack {
int size;

Public:
EStack(int s);
int getTop();
void resize();

};

growing the array
on demand!
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ResizeResize

void Estack::resize() {
if (top >= size) {

int *nst = new int[size*2];
for(int i = 0; i < top; i++)

nst[i] = st;
delete[] st;
st = nst;
size *= 2;

}
}

void Estack::resize() {
if (top >= size) {

int *nst = new int[size*2];
for(int i = 0; i < top; i++)

nst[i] = st;
delete[] st;
st = nst;
size *= 2;

}
}

No overhead asymptotically
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PushPush

void EStack::push(int s) {
resize();
Stack::push(s);��

}

void EStack::push(int s) {
resize();
Stack::push(s);��

}

Daddy’s push
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Who is pushing here?Who is pushing here?
int main() {

EStack* s = new EStack(10);

s->push(3);
s->push(5);
s->push(6);

}

int main() {

EStack* s = new EStack(10);

s->push(3);
s->push(5);
s->push(6);

}
FlyingComet /Users/pvh/courses/cs034 [89] -> a.out
EStack::push
Stack::push
FlyingComet /Users/pvh/courses/cs034 [90] -> 

FlyingComet /Users/pvh/courses/cs034 [89] -> a.out
EStack::push
Stack::push
FlyingComet /Users/pvh/courses/cs034 [90] -> 



3/2/2005 CS-034: Lecture 5 (twd/pvh: 2005) 40

Who is pushing here?Who is pushing here?
int main() {

Stack* s = new EStack(10);

s->push(3);
s->push(5);
s->push(6);

}

int main() {

Stack* s = new EStack(10);

s->push(3);
s->push(5);
s->push(6);

}
FlyingComet /Users/pvh/courses/cs034 [89] -> a.out
Stack::push
FlyingComet /Users/pvh/courses/cs034 [90] -> 

FlyingComet /Users/pvh/courses/cs034 [89] -> a.out
Stack::push
FlyingComet /Users/pvh/courses/cs034 [90] -> 
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InheritanceInheritance

class EStack : public Stack {
int size;

Public:
EStack(int s);
~Estack() {

cout << “so long, Estack!” << endl;
}
int getTop();
void resize();

};

class EStack : public Stack {
int size;

Public:
EStack(int s);
~Estack() {

cout << “so long, Estack!” << endl;
}
int getTop();
void resize();

};
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Which Terminator?Which Terminator?
int main() {

Stack* s = new EStack(10);
delete s;

}

int main() {

Stack* s = new EStack(10);
delete s;

}
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Which Terminator?Which Terminator?
int main() {

EStack* s = new EStack(10);
delete s;

}

int main() {

EStack* s = new EStack(10);
delete s;

}

FlyingComet /Users/pvh/courses/cs034 [89] -> a.out
so long, Estack!
so long, stack!�
FlyingComet /Users/pvh/courses/cs034 [90] -> 

FlyingComet /Users/pvh/courses/cs034 [89] -> a.out
so long, Estack!
so long, stack!�
FlyingComet /Users/pvh/courses/cs034 [90] -> 
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Which Terminator?Which Terminator?
int main() {

Stack* s = new EStack(10);
delete s;

}

int main() {

Stack* s = new EStack(10);
delete s;

}

FlyingComet /Users/pvh/courses/cs034 [89] -> a.out
so long, stack!�
FlyingComet /Users/pvh/courses/cs034 [90] -> 

FlyingComet /Users/pvh/courses/cs034 [89] -> a.out
so long, stack!�
FlyingComet /Users/pvh/courses/cs034 [90] -> 
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Virtual MethodsVirtual Methods

class Stack {
int* st; int top;

Public:
Stack(int s);
~Stack();

virtual void push(int v);
int pop();
bool empty();

};

class Stack {
int* st; int top;

Public:
Stack(int s);
~Stack();

virtual void push(int v);
int pop();
bool empty();

};
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Who is pushing here?Who is pushing here?
int main() {

Stack* s = new EStack(10);

s->push(3);
s->push(5);
s->push(6);

}

int main() {

Stack* s = new EStack(10);

s->push(3);
s->push(5);
s->push(6);

}
FlyingComet /Users/pvh/courses/cs034 [89] -> a.out
EStack::push
Stack::push
FlyingComet /Users/pvh/courses/cs034 [90] -> 

FlyingComet /Users/pvh/courses/cs034 [89] -> a.out
EStack::push
Stack::push
FlyingComet /Users/pvh/courses/cs034 [90] -> 
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InheritanceInheritance
Virtual methodsVirtual methods

like Java methodslike Java methods
Distinguish two typesDistinguish two types

static type: the type of the variable at handstatic type: the type of the variable at hand
dynamic type: the typedynamic type: the type when the object was createdwhen the object was created

EStack* es = new EStack(10);
Stack s = es;

EStack* es = new EStack(10);
Stack s = es;
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InheritanceInheritance
Virtual methodsVirtual methods

like Java methodslike Java methods
Distinguish two typesDistinguish two types

static type: the type of the variable at handstatic type: the type of the variable at hand
dynamic type: the typedynamic type: the type when the object was createdwhen the object was created

Traditional methodsTraditional methods
dispatch baseddispatch based on the static typeon the static type

VirtualVirtual methodsmethods
dispatch based on the dynamic typedispatch based on the dynamic type
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Virtual TerminatorsVirtual Terminators

class Stack {
int* st; int top;

Public:
Stack(int s);

virtual ~Stack();
virtual void push(int v);
int pop();
bool empty();

};

class Stack {
int* st; int top;

Public:
Stack(int s);

virtual ~Stack();
virtual void push(int v);
int pop();
bool empty();

};
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Virtual TerminatorVirtual Terminator
int main() {

Stack* s = new EStack(10);
delete s;

}

int main() {

Stack* s = new EStack(10);
delete s;

}

FlyingComet /Users/pvh/courses/cs034 [89] -> a.out
so long, Estack!
so long, stack!�
FlyingComet /Users/pvh/courses/cs034 [90] -> 

FlyingComet /Users/pvh/courses/cs034 [89] -> a.out
so long, Estack!
so long, stack!�
FlyingComet /Users/pvh/courses/cs034 [90] -> 
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Virtual Pure MethodsVirtual Pure Methods

class Shape {
Public:

Shape() {}
virtual ~Shape();
virtual void draw() = 0;
virtual void move(int x,int y) = 0;

};

class Shape {
Public:

Shape() {}
virtual ~Shape();
virtual void draw() = 0;
virtual void move(int x,int y) = 0;

};

Pure method
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InheritanceInheritance
Pure Virtual methodsPure Virtual methods

not defined in the not defined in the superclasssuperclass
must be defined inmust be defined in a subclassa subclass

ObjectsObjects
can only be created when the pure virtual methods can only be created when the pure virtual methods 
are implemented (by subclasses)are implemented (by subclasses)
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Multiple InheritanceMultiple Inheritance

A class may inherit from several classesA class may inherit from several classes
inherit the instance variables!inherit the instance variables!
inherit the methodsinherit the methods
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Multiple InheritanceMultiple Inheritance
class Employee {

char *name;
public:

Employee(char *name);
char *getName();

};

class Employee {
char *name;

public:
Employee(char *name);
char *getName();

};

class Student {
char *id;

public:
Student(char *id);
char *getId();

};

class Student {
char *id;

public:
Student(char *id);
char *getId();

};

class TA: public Employee, public Student {
public:

TA(char* name,char* id)
: Employee(name), Student(id) {}

};

class TA: public Employee, public Student {
public:

TA(char* name,char* id)
: Employee(name), Student(id) {}

};
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Multiple InheritanceMultiple Inheritance
class Employee {

char *name;
public:

Employee(char *name);
char *getName();
char *getLogin();

};

class Employee {
char *name;

public:
Employee(char *name);
char *getName();
char *getLogin();

};

class Student {
char *id;

public:
Student(char *id);
char *getId();
char *getLogin();

};

class Student {
char *id;

public:
Student(char *id);
char *getId();
char *getLogin();

};

class TA: public Employee, public Student {
public:

TA(char* name,char* id);
};

class TA: public Employee, public Student {
public:

TA(char* name,char* id);
};

What happens with getLogin()?
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Multiple InheritanceMultiple Inheritance
Name clashes are handled at compile timeName clashes are handled at compile time

no method no method getLogingetLogin()() in class in class TATA
access to the access to the superclass superclass methods: methods: Student::Student::getlogingetlogin()()
possibly redefine possibly redefine getLogingetLogin()() inin the subclassthe subclass

ObserveObserve
essentially the opposite of Javaessentially the opposite of Java
inheritance of instance variablesinheritance of instance variables
no inheritance ofno inheritance of common names;common names;
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Operator OverloadingOperator Overloading

class Complex {
float r;
float i;

public:
Complex(float _r,float _i): r(_r), i(_i) { }
void print();
float getReal() { return r; }
float getImg() { return i; }

};

class Complex {class Complex {
float r;float r;
float i;float i;

public:public:
Complex(float Complex(float _r_r,float ,float _i_i): r(): r(_r_r), i(), i(_i_i) { }) { }
void print();void print();
float float getRealgetReal() { return r; }() { return r; }
float float getImggetImg() { return i; }() { return i; }

};};
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Operator OverloadingOperator Overloading

Complex operator+(Complex c1,Complex c2) {
return Complex(c1.getReal() + c2.getReal(),

c1.getImg() + c2.getImg());
}

int main() {
Complex c1(5,3);
Complex c2(2,5);
Complex r = c1 + c2;
r.print();

}

Complex operator+(Complex c1,Complex c2) {Complex operator+(Complex c1,Complex c2) {
return Complex(c1.return Complex(c1.getRealgetReal() + c2.() + c2.getRealgetReal(),(),

c1.c1.getImggetImg()() + c2.+ c2.getImggetImg());());
}}

int int main() {main() {
Complex c1(5,3);Complex c1(5,3);
Complex c2(2,5);Complex c2(2,5);
Complex r = c1 + c2;Complex r = c1 + c2;
r.print();r.print();

}}

FlyingComet /Users/pvh/courses/cs034 [33] -> a.out
(7,8)
FlyingComet /Users/pvh/courses/cs034 [33] -> a.out
(7,8)
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Operator OverloadingOperator Overloading

class Complex {
float r;
float i;

public:
Complex(float _r,float _i) : r(_r), i(_i) { }
void print();
float getReal() { return r; }
float getImg() { return i; }

friend Complex operator+(Complex c1,Complex c2);
};

class Complex {class Complex {
float r;float r;
float i;float i;

public:public:
Complex(float Complex(float _r_r,float ,float _i_i) : r() : r(_r_r), i(), i(_i_i) { }) { }
void print();void print();
float float getRealgetReal() { return r; }() { return r; }
float float getImggetImg() { return i; }() { return i; }

friend Complex operator+(Complex c1,Complex c2);friend Complex operator+(Complex c1,Complex c2);
};};

gives access to private information
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Operator OverloadingOperator Overloading

Complex operator+(Complex c1,Complex c2) {
return Complex(c1.r + c2.r,c1.i + c2.i);

}

int main() {
Complex c1(5,3);
Complex c2(2,5);
Complex r = c1 + c2;
r.print();

}

Complex operator+(Complex c1,Complex c2) {Complex operator+(Complex c1,Complex c2) {
return Complex(c1.r + c2.r,c1.i + c2.i);return Complex(c1.r + c2.r,c1.i + c2.i);

}}

int int main() {main() {
Complex c1(5,3);Complex c1(5,3);
Complex c2(2,5);Complex c2(2,5);
Complex r = c1 + c2;Complex r = c1 + c2;
r.print();r.print();

}}
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Operator OverloadingOperator Overloading

Complex operator+(Complex c,float r) {
return Complex(c.r + r,c.i);

}

int main() {
Complex c1(5,3);
Complex c2(2,5);
Complex r = c1 + 5.0;
r.print();

}

Complex operator+(Complex c,float r) {Complex operator+(Complex c,float r) {
return Complex(c.r + r,creturn Complex(c.r + r,c..i);i);

}}

int int main() {main() {
Complex c1(5,3);Complex c1(5,3);
Complex c2(2,5);Complex c2(2,5);
Complex r = c1 + 5.0;Complex r = c1 + 5.0;
r.print();r.print();

}}
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Operator OverloadingOperator Overloading

Plenty of operatorsPlenty of operators
+, +, --, =, >=,, =, >=, ==,==,……, <<, , <<, ……..

FundamentalFundamental
–– in implementing various expressionsin implementing various expressions
–– natural readingnatural reading
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Parameter PassingParameter Passing

Passing by value (Java, c, Passing by value (Java, c, ……))
pass the value on the stackpass the value on the stack
–– the value may be an address, an the value may be an address, an intint, a, a floatfloat

Passing by reference (Pascal, C++)Passing by reference (Pascal, C++)
pass the address of an objectpass the address of an object
combines the flexibility ofcombines the flexibility of address address with the with the 
readibility readibility of valuesof values
–– no more stars, no more stars, ……
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Operator OverloadingOperator Overloading

void swap(int& a,int& b) {
int t = a;
a = b;
b = t;

}
int main() {

int x = 4, y = 6;
swap(x,y);
cout << "x: " << x << "  y: " << y << endl;

}

void swap(void swap(intint& a,& a,intint& b) {& b) {
int int t = a;t = a;
a = b;a = b;
b = t;b = t;

}}
int int main() {main() {

int int x = 4, y = 6;x = 4, y = 6;
swap(x,y);swap(x,y);
cout cout << << "x"x: " << x << "  y: " << y << : " << x << "  y: " << y << endlendl;;

}}

Pass the address
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Operator OverloadingOperator Overloading

void swap(int& a,int& b) {
int t = a;
a = b;
b = t;

}
int main() {

int x = 4, y = 6;
swap(x,y);
cout << "x: " << x << "  y: " << y << endl;

}

void swap(void swap(intint& a,& a,intint& b) {& b) {
int int t = a;t = a;
a = b;a = b;
b = t;b = t;

}}
int int main() {main() {

int int x = 4, y = 6;x = 4, y = 6;
swap(x,y);swap(x,y);
cout cout << << "x"x: " << x << "  y: " << y << : " << x << "  y: " << y << endlendl;;

}}

void swap(int* a,int* b) {
int t = *a;
*a = *b;
*b = t;

}
int main() {

int x = 4, y = 6;
swap(&x,&y);

}

void swap(void swap(intint* a,* a,intint* b) {* b) {
int int t = *a;t = *a;
*a = *b;*a = *b;
*b = t;*b = t;

}}
int int main() {main() {

int int x = 4, y = 6;x = 4, y = 6;
swap(&x,&y);swap(&x,&y);

}}
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QuestionsQuestions……


