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/1 Example illusrating dynam c nmenory nanagenent for a class that
/1 uses dynanic nenory as a nenber variable

/] ECE3090

/1l George F. Riley, CGeorgia Tech, Spring 2009

#i ncl ude <i ostreanr
usi ng namespace std; // We will discuss namespaces |ater

/1 For this exanmple we will define a new C++ object called "Vector"
/1 A vector is essentially an array of "int", but the size of the array
/1 is not known at conpile time; rather, at run-time in the Vector
/1 constructor we will specify how big (nunber of elenments) the array should
/1 be. W do this by using the "new' operator in the constructor,
/1 and allocating the specified anobunt of menory for the dynmaically
Il sized array
cl ass Vector
{
public:
/1 Notice no "default" constructor. Wat would a default constructor do?
Vector(int nEl enents); // Specify the number of elements in the constructor
Vector(const Vector&); // Define the copy constructor
voi d operator=(const Vector&); // Define the "assignnent operator"
~Vector (); /1 Define the destructor
/1 Now define the various nmenber functions that we need to nanage
/1l the vector. For this sinple exanple will will provide a nethod
/1 to query the "length" (maxi mum nunber of el enents) of the array.
int Length() const; /!l Return the size of the array
/1 W al so need a way to "index" the array. There are two ways
/1 to do this:
int GCetEl enment(int whichEl ement) const; /1 Return an existing el enment
voi d Set El enent (i nt whi chEl ement, int newalue); // Set a value in the array
/1 However, nmuch sinpler than the above would be to overload the
/1 "indexing" operator, which is the "[]" operator.
/1 Pay particular attention to the return type for this function.
/1 It is not an "int" but an "int reference". It will be clear
/1 later why this is the case.
int& operator[](int whichEl ement);
/1 Finally provide a "Print" operator for debugging
void Print() const;
/1l Here are the nenmber variabl es needed
private: /1 Note the use of "private" here. WII| discuss in class
int length; // Size of the array
int* pArray; // Dynamic nmenory pointer to the actual array
b

/1l End of class declaration for Vector class

/1 1nplenentation of Vector class here
/] Constructors
Vector:: Vector(int nEl ements)

{
cout << "Hello from Vector::Vector(int nElenents)" << endl;
I ength = nEl enents; /1 Set array |length
pArray = new int[length]; /1 Allocate nenory for "length" int variables
/1 Should we "zero out" the array here?
}
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/1 Copy Constructor
Vector:: Vector(const Vectoré& v)

{
cout << "Hello from Vector::Vector(const Vector& v)" << endl;
/1 This is simlar to the "int" constructor, but we get the
/1 length fromthe vector object being copied
length = v.Length();
pArray = new int[length];
/1 Copy the actual contents
for (int i =0; i <length; ++i)
{
pArray[i] = v.GetEl enent (i);
s
/1 Destructor
/1l Since the constructors allocated nenmory with "new', it makes sense
/1 that the destructor "delete" (give back) the nenory.

Vector:: ~Vector ()
{ /1 Destructor

cout << "Hello from Vector::~Vector() destructor" << endl;
delete [] pArray; /'l Free the nenory previously allocated
}
/1 Assignment oper at or

voi d Vector::operator=(const Vector& rhs)

{
cout << "Hello from Vector::operator=(const Vector& rhs) assignment" << endl;
/1 Assign one vector to another (with the "=" operator)
/1 FIRST..VERY | MPORANT, PROTECT AGAI NST " Sel f - Assi gnment "
if (& hs == this) return; // W wll discuss this in class
/1 Next delete any nenory associated with the left hand side
delete [] pArray;
/1 Set new |l ength
length = rhs. Length();
/1 And allocate the nenory
pArray = new int[length];
/1 Copy the actual contents
for (int i =0; i <length; ++i)
{
pArray[i] = rhs. GetEl ement (i);
}
}

/1 Menber functions

int Vector::Length() const

{ I/ Return the length of the array
return | ength;

}

int Vector:: GetEl enent (i nt whichEl enent) const

{ /!l Return the specified element in the array
/1 We could add an extra check here to nake sure that the specified
/1 "whichEl ement" is valid. This is extra overhead however, so
/!l we decide not to do that.
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}

return pArray[whi chEl ement];

voi d Vector:: Set El enent (i nt whi chEl ement, int newval ue)
/1l Set a new value in the array
pArray[ whi chEl ement] = newval ue;

{
}

/1 The indexi ng operator

int& Vector::operator[](int whichEl ement)
{
/1 return a reference to the specified element. Since we are returning
/1 REFERENCE to an el enent, we can use the indexing operator either
/1 on the left side OR THE RI GHT side of an assignment.
/1 See the code in main for an exanple.
return pArray[whi chEl ement];
}
/1 Print for debugging
void Vector::Print() const
{
for (int i =0; i < Length(); ++i)
{
cout << "Element " << i << " =" << CGetEl enment(i) << endl;
}
cout << endl; // Extra end of line to space out the printouts
}
int main()
{

Vector v1(5);

/1

Vector with 5 el ement

// Set sone initial values

for (int i =0; i <vl.Length(); ++)
{
vl. SetElement (i, i);
}

Vector v2(vl);

/1

A copy of vl

cout << "Printing vl1" << endl;

v1i.Print();

cout << "Printing v2" << endl;

v2.Print();
Vector v3(10);

/

/ Anot her vector with 10 el enents

/!l Set sonme initial values

for (int i =0; i <v3.Length(); ++i)
{
v3.SetElement (i, i * 10);
}

/'l Assigning v2 fromv3
v2 = v3; [/ Assignnent operator called
cout << "Printing v3" << endl;

v3.Print();

cout << "Printing v2" << endl;

v2.Print();

/1 Illustrate the indexing operator, both |eft-hand-side and ri ght-hand-side

int vall = v1[4];

cout << "vi[4]

is

// Get index 4 fromvil
" << vall << endl;
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/1 Set a new value with indexint operator

vl[4] = 50; // Note indexing operator on LHS

cout << "vl[4] is " << vl1[4] << endl

/1l Illustrate "self-assignment”". W wll discuss thi
vl = vi; /1l Clearly not very useful or neaningful
/1 Destructor automatically called for vl, v2 and v3
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