
OBJECT ORIENTED PROGRAMMING 

LAB 4 

 – MORE C++ I&O BASICS 

 – COPY CONSTRUCTORS  

 – ORDER OF CALLING CONSTRUCTORS & DESTRUCTORS 

 – FUNCTIONS WITH OBJECT ARGUMENT AND OBJECT REFERENCE 

 – FRIEND FUNCTIONS 

 

A few of the concepts used in this laboratory 

More C++ input & output basics 

While not necessarily a C++ OOP concept, it is important to mention basics for input & output.  

 

Some problems require input of values from the keyboard in order to produce a result. Sometimes you are 

also required to produce results with a given decimal precision (in particular for fractional data types). 

Particularly for VPL type of problems you may find that the input/output format for the data is specified in 

the problem formulation. 

For input, if you have multiple items on a line, separated by space, comma or another type of separator, if 

the items match the data types for a set of C++ variables they will be read properly. 
 

For output, in particular for fractional numbers, there may be a requirement to display with a given set of 

decimal places after the decimal point. Your C++ program will typically use the same precision as for the 

input fractional numbers. If the output precision matches the problem requirements you may not have to do 

anything beside displaying the results.  

Occasionally, the output precision will not match, and you will have more or less decimal precision than the 

problem formulation requires. 

In this case there are 2 choices if we need to impose N decimal precision for displaying fractional numbers. 

 Use stdio.h + printf ("%.Nf", value) where N will be a numeric value 

 iostream + iomanip + setprecision + fixed 

Recap - Example using stdio.h + printf  
#include <stdio.h> 

int main() 

{ float a =1.23456; double b=1.23456; long double c=1.23456; 

   printf ("%.2f\n", a); //print with 2 decimal precision after . a %f – so a float 

   printf("%.3lf\n", b); //print with 3 decimal places after . a %lf – so a double 

   printf("%.4Lf\n", b); //print with 4 decimal places after . a %Lf – so a long double 

} 

 

C++ provides a new way to print with a given precision. Function setprecision has as argument the 

number of decimal places after “.” as an argument. fixed is required so as the precision to refer not to all 

meaningful digits, but only the digits after the decimal point. 

#include <iostream> 

#include <iomanip> 

using namespace std; 

 

int main(){ 

    float a=1.2345; 

    cout << setprecision(2) << fixed; //2 digits after decimal point 

    cout << a; 

} 



Note that formatting will happen after the setprecision/fixed instructions. So the effect will be in place on the 

same line as well. 
cout << setprecision(2) << fixed << a; //a will be displayed with 2 digits after decimal point 

 

EXAMPLE 1 – Car class - Basic input/output 

Let’s consider an example. Consider class Car with 2 attributes,  

 Color, a word type 

 Price, a fractional type. 

Problem requires us to read for 3 objects the Color and Price knowing they will be given for 1 object on the 

same line, first Color, then space, then Price. 

Blue 12345.678 

Red  23456.78 

Green 34567.890 

Problem also requires that we then compute the total price for the 3 cars, with 2 decimal precision and 

display Total: followed by the computed price. 

 

Solution is the following source code. Recommendation is to evaluate the example. Can you use an array? 
#include <iostream> 

#include <iomanip> 

using namespace std; 

class Car{ 

  string Color; 

  float Price; 

   

public: 

  void SetColor(string C) {Color=C;} 

  void SetPrice(float P) {Price=P;} 

  string GetColor(){return Color;} 

  float GetPrice() {return Price;} 

}; 

 

int main(){ 

    Car c1, c2, c3; //Car c[3]; 

    string _color; float _price; 

     

    //upon pressing Enter stdin color => _color, stdin price => price 

     

    //read 1st line 

    cin >> _color >> _price; 

    c1.SetColor(_color);c1.SetPrice(_price); 

     

    //read 2nd line 

    cin >> _color >> _price; 

    c2.SetColor(_color);c2.SetPrice(_price); 

     

     //read 3rd line 

    cin >> _color >> _price; 

    c3.SetColor(_color);c3.SetPrice(_price); 

     

    cout << setprecision(2) <<fixed; //what is displayed if we comment this? 

     

    cout << "Total:" << c1.GetPrice()+c2.GetPrice()+c3.GetPrice(); 

     

    return 0; 

} 



The copy constructor 

The copy constructors are a special case of constructors with parameters. They receive as parameters a 

reference to an object of the same class. In case such constructors do not exist, the compiler will automatically 

generate a copy constructor and will copy bit by bit the attributes. The default copy constructor will copy each 

member variable of the object received as parameter into the newly created object. This is called performing 

an intelligent member copy. 

While this bit by bit copy is good for regular variables, this can’t be stated for pointer –type variables. The 

pointer-type variable for the two objects (the original and the clone) will point to the same memory region, 

which can be an advantage or a source of many errors (when this memory area is released but member objects 

whose member variables point to this memory area). That is why in most source code the programmer needs 

to implement the copy constructor, instead of relying on the compiler generated copy constructor.  

Like any other type of constructor, the copy constructor has the same name as the class itself (case 

sensitive). 

 The argument type IS MANDATORY to match the class type.  

 This argument will be the source object in the constructor copy operation 

 As the copy operation should not change the source object, we will specify this by using the keyword 

const in the constructor argument declaration  

 The source object passed as argument for the copy constructor will be passed as a reference (alias for 

an existing object) 

Declaration Explanation C++ allowed 
Cat (const Cat); This version does not work as a copy constructor. In the copy 

constructor the argument (an object) will act as a local piece of 

data within the function. As any local piece of data it will be a 

copy of the original data, in a different memory location 

(calling the copy constructor infinitely). 

 

Cat (const Cat* ); This version would ensure the pointer to the source object is 

constant, but would not prevent us syntactically, changing the 

source object 

 

Cat (const Cat & ); This is the only accepted form for C++ copy constructor 

& creates in C++ a reference (aka an alias). 
string food = "Burger"; //food is variable 

string &meal=food;   /*reference to food (meal 

is an alias for food) */ 

 

 

Sample source code Explanation 

class Cat { 

  string Name; 

  int Age; 

 

public: 

... 

//prototype for the copy constructor 

//inside the class (optional) 

Cat(const Cat &); 

//constructor definition inside class 

Cat(const Cat &p) {Name = p.Name; Age= p.Age;} 

... 

}; 

The argument is of the same type as the 
class (type is of Cat class) 
Source object will remain unmodified  
const 
Source object is passed as reference  & 

class Cat { 

  string Name; 

  int Age; 

 

public: 

... 

//prototype for the copy constructor 

//inside the class (mandatory) 

Cat(const Cat &); 

... 

}; 

//constructor definition outside class 

Cat::Cat(const Cat &p) { 

        Name = p.Name;   

        Age= p.Age; 

} 

Copy the attributes from the source object 
(Name, Age). 
 
The source object is the one referred in the 
method argument (called p). 
 
Outside class definition includes the class 
name and resolution operator (Cat::) as 
prefix for the method name (Cat). 



EXAMPLE 2 – Class Car – Functions with object argument or object reference 

We will check what happens in the following 3 situations when using an object as either a function argument 

or return type. We are interested to see when a copy constructor is called with a class as parameter or return 

data type. 

Through function(s) foo1, foo2, foo3 there are three cases: 

1. When receiving a reference as an argument, the function (foo2) displays the info message followed 

by the constructor message. The latter is caused by the fact returning an object of the class type is 

similar to calling a constructor (a temporary variable/object will be created to hold the return value). 

2. When receiving an object of the class type, it will call the constructor first so it will show the 

constructor message, and only afterward it will show the info message inside the idle function. 

3. When returning a result of type object, it will call the constructor upon return of the object f (the 

call of the return f; instruction) to copy the object in a new temporary location (and as a proof the copy 

constructor will get called again after the foo2,3 function message is displayed, but before the next 

message from main). 

 

#include <iostream> 

 

using namespace std; 

 

class Car { 

    double Price; 

     

public: 

    Car(){Price = 4999.99;} 

    Car(const Car &c) {cout << "Calling copy constructor" << endl; Price=c.Price;} 

}; //upon end of class use ; after } 

 

/* 

   c is a local variable in foo1, a local copy will be created for object c 

   when entering in function foo1 

   => call for copy constructor before foo1 function cout message 

*/ 

void foo1(Car c) 

{ 

    cout << "Entering function FOO1" << endl;      

} 

 

/* 

   c is an alias (another name for an object from the entity that called foo2  

   no copy when entering foo2 

   but the resulting object returned must be copied back to the stack  

   => call for copy constructor after foo2 function message 

*/ 

Car foo2 (Car &c) 

{ 

    cout << "Entering function FOO2" << endl; 

    return c; 

} 

 

/* 

   c is a local variable in foo1, a local copy will be created for object c 

   when entering in function foo1 



   => call for copy constructor before foo3 function cout message 

   the resulting object returned must be copied back to the stack  

   => call for copy constructor after foo3 function message 

*/ 

Car foo3 (Car c) 

{ 

    cout << "Entering function FOO3" << endl; 

    return c; 

} 

 

int main() 

{ 

    Car c1; 

     

    cout << endl << "calling foo1" << endl; 

    foo1(c1); 

    cout <<endl; 

     

    cout << endl << "calling foo2" << endl; 

    foo2(c1); 

    cout <<endl; 

     

    cout << endl << "calling foo3" << endl; 

    foo3(c1); 

    cout <<endl; 

} 

 

 

Friend functions.  

The friend function has the following properties: IS NOT a member function (aka method) of the class but 

it has access to all types of member data of the class! no matter what access modifier is defined with each 

data member. In order for a function to become a friend its declaration preceded by the keyword friend must 

be added inside the class scope.  

Source code Explanation 

/* declaration inside class – 

prefixed with friend keyword */ 

friend int PrintAge (Cat); 

 Inside the class we must declare the friend function 
(the version succeeded by;) and we use the friend 
prefix to show it’s not a member function declaration 
inside the class. 

/* definition outside class – like 

any function */ 

int PrintAge (Cat c) { 

    cout << c.Age << endl; 

 

} 

 Outside the class we DON’T use the keyword friend. 

 In order to define my friend function the name type 
and order of arguments must match with the friend 
function declaration within the class 

 It is a friend function, not a method so the prefix 
“Cat::” is missing. PrintAge does not belong to the 
class, it’s not a method. 

 It is a friend function so it can call in its scope directly 
the attributes of the class (ex: c.Age) without the need 
to call the attribute via a public getter (no need for  
using c.GetAge()inside the friend function) 

/* if there is a mismatch in name, or 

argument types/order it is no longer 

the friend function I declared in the 

class */ 

int PrintAge () { 

    cout << c.GetAge () << endl; 

 

} 

 Argument type does not match with what I had in the 
friend function declaration (prototype) made inside the 
class. 

 As this version is not a friend function, we CAN’T call 
the c.Age attribute directly, SO WE HAVE TO call the 
public getter instead c.GetAge () 



In real-life it is good to be careful in using the friend keyword, since it uncovers all member data and exposes 

them to accidental overwrite/modification. 

 

EXAMPLE 3 – Class Cat 

This example will use the concepts we defined in our prior sessions: 

 attributes 

 access modifiers (private, public) 

 special methods – setters, getters, constructors, destructors  

o defined both inside and outside of the class (must be declared inside the class if it they are 

defined outside the class, though) 

o adding some print statements (C++ cout) in these methods to show the order in which they 

appear (showcasing constructors get called upon object creation and destructors upon object 

destruction) 

This example will also introduce the new concepts: 

 a copy constructor 

 a friend function 

On simple examples it does nothing, but on more complex examples it handles cleaning up after the object - 

including releasing memory, restoring program state (to prequel of object creation). 

#include <iostream>  //will use cout, cin, endl, string 

 

using namespace std; //to use elements of iostream without std:: prefix 

 

class Cat  

{ 

  //access modifier private: upon entry in class 

  string Name; 

  int Age;  

  

public: //standard methods should be public 

    void SetName (string N); //prototype setter for Name 

    string GetName () { cout << "in getter for Name" << endl; return Name;} 

//definition for getter inside class 

   

    void SetAge(int A) { cout << "in setter for Age" << endl; Age= A; } //definition 

for setter inside class    

    int GetAge();  // prototype getter for Age 

     

    Cat();//implicit constructor, declaration 

    Cat(int); //constructor with 1 argument, for Age, declaration 

    Cat(string N) //constructor with 1 argument, for Name, definition 

    { 

      cout<<"in constructor with parameter string"<<endl; 

      Name = N; 

 Age = 20; 

    } 

    Cat(int, string);//constructor with 2 arguments, for Age and Name, 

                     // declaration 

    Cat(string, int);//constructor with 2 arguments, for Age and Name, 

                     //declaration 

    Cat(const Cat &);//copy constructor, declaration 

    friend int PrintAge(Cat c); //friend function declaration 

    ~Cat(); //destructor, declaration 

};  // ; at the end of class after the closing } 



 

void Cat::SetName (string N) /*to class "Cat" it belongs "::" and is called SetName*/ 

{ 

 cout << "in setter for Name" << endl; 

 //setting Name to value imposed through parameter 

 Name = N; 

} 

 

//no definition for method GetName as we did it in the class 

 

//no definition for method SetAge as we did it in the class 

 

 

int Cat::GetAge () 

{ 

 cout << "in getter for Age " << endl; 

 return Age; 

} 

 

/*to class "Cat" it belongs "::" and is called Cat() – implicit constructor*/ 

Cat::Cat()    

{ 

 cout<<"in implicit constructor"<<endl; 

 Name = "Felix"; 

 Age = 20; 

} 

 

/*to class "Cat" it belongs "::" and is called Cat(int) –constructor with 1 parameter 

(int) */ 

Cat::Cat(int A)  

{ 

 cout<<"in constructor with param. int"<<endl; 

 Name = "Felix"; 

 Age = A; 

} 

 

/* no definition for constructor with 1 string parameter as we did it in the class */ 

 

Cat::Cat(int V, string N) /*to class "Cat" it belongs :: and is called –constructor 

with 2 parameters (int,string) */ 

{ 

 cout<<"in constructor with param. int, string"<<endl; 

      //don't have to initialize the attributes in order 

 Name = N; 

 Age = V; 

} 

 

Cat::Cat(string N, int V) /*to class "Cat" it belongs :: and is called –constructor 

with 2 parameters (int,string) */ 

{ 

 cout<<"in constructor with param. string, int"<<endl; 

 Name = N; 

 Age = V; 

} 

 

/*to class "Cat" it belongs "::" and is called –destructor "~Cat" */ 

Cat::~Cat() { 

 cout<<"in destructor "<<endl; 

} 

 

/*to class "Cat" it belongs :: and is called –copy constructor */ 

Cat::Cat(const Cat &p) 

{ 

 cout << "in copy constructor" << endl; 

 Name = p.Name; 

 Age = p.Age; 

} 



 

int PrintAge(Cat c) 

{ 

 cout << "in friend function" << endl; 

 return c.Age; 

} 

 

/* if arguments/name are different it’s not the friend function */ 

int PrintAge() 

{ 

 cout << "in another function" << endl; 

 return 0; 

} 

 

 

int main() 

{ 

   cout << "create S1" << endl; 

   Cat s1; //will call implicit constructor 

 

   cout << "create S2" << endl; 

   Cat s2(5); //will call constructor with 1 parameter,  

              // - parameter 1 of the type for constant 5: int  

 

   cout << "create S3" << endl; 

   Cat s3("Mitzi"); //will call constructor with 1 parameter, 

                    // - parameter 1 of the type for constant "Mitzi": string 

    

   cout << "create S4" << endl; 

   Cat s4(5,"Mitzi"); //will call constructor with 1 parameter, 

                    // - parameter 1 of the type for constant 5: int 

                    // - parameter 2 of the type for constant "Mitzi": string 

 

   cout << "create S5" << endl; 

   Cat s5("Mitzi", 5); //will call constructor with 1 parameter, 

                    // - parameter 1 of the type for constant "Mitzi": string  

                    // - parameter 2 of the type for constant 5: int 

 

   cout << "copy S6 <- S5" << endl; 

   Cat s6 = s5; // call copy constructor of s6 to get/duplicate the mem. space of s5 

 

   cout << "(implicit intelligent) copy S6 <- S5" << endl; 

   s6 = s5;  

 

   cout << "explicit call to a method Cat with object parameter == copy S6 <- S5" << 

endl; 

   s6 = Cat(s5); 

 

 

   cout << endl; 

   cout << "PrintAge(s6) " << PrintAge(s6) << endl; 

   cout << "PrintAge() " << PrintAge() << endl; 

   cout << endl; 

 

   cout << "before return in main " << endl; 

 

   //before exiting main we call the destructor, once for each object created 

   //    locally in main(): s1, s2, s3, s4, s5, s6 => we should see 6 destructor calls 

   return 0;  

} 

 

 

 



Homework. 

 

H4.1. Create an example class Product, with data members 

 product_type, a word type 

 product_name, a word type 

 barcode, a word type 

 price, a fractional type 

 

Implement only the necessary setters, getters and a friend function to compute the total price for 2 such 

objects passed as arguments. Display the total with 2 digits precision after decimal point. 

 

Implement in main() the ability to read values for 2 Product objects and set them into the attributes using 

input such as in the example below. 

 

soft_drink  Cola  1234  3.99  

food   Fruit  1356  3.99  

 

The program will display Total: followed by the computed total with 2 digits after the decimal point. 

 


