C++ Worksheet

This worksheet was originally developed for second year students to brush up on their C++ skills in the early part of the year.  It also forms part of an optional first year class included when time allows.  This material covers some of the semantic and syntactic extensions to C included in C++ which can be used to reducing coding overhead and produce more flexible code.  This is by no means comprehensive but gives you a flavour for what is available.  

IMPORTANT NOTE:
This is not a copy and paste exercise like some other worksheets you may have seen.  You need to read carefully and work your way though these examples.  Before attempting the tasks, simply copying and pasting may or may not give you a working program and will certainly not complete any of the task.  
Some tutorial elements are based on sources while others are my own (I would strongly recommend you look at the additional reading where provided). 

C++ Programming for the Absolute Beginner, Dirk Henkemans and Mark Lee, Premier Press, 2001.  Chapters 1 and 10. 

http://www.deitel.com/articles/cplusplus_tutorials/20051209/index.html
References
References are constant pointers to a variable introduced to minimise errors associated with pointer manipulation. 

int a;

int b;

a = 10;

b = 20;

int *ptr = &a;     // we’ve seen this before it is a pointer

ptr+=10;           // bad we’ve moved the pointer into memory 

printf(“%d”,*ptr); // we dereference and print out

*ptr = 400;        // whoops we’ve just corrupted memory!! As this is static




 // a segmentation fault will occur for dynamic memory we’d




 // get away with it

int &ref = a; // declare a reference to the variable a (no need for &a)  

ref = b;      // this will thrown an error ref cannot be changed 

int &refb; // this is illegal reference must be associated with 
           // a variable from the start 

refb = b;  // clearly this is illegal too! 
Fixing the above errors and investigating the value of ref and the address of a we observe the following, for the print statements;

printf("ref = %d\n",ref); 

printf("&a = %d\n", &a); 

printf("&ref = %d\n", &ref); 
We output
ref = 10 

&a = -1074599020 

&ref = -1074599020 
The reference does not need de-referencing it can be used as is, its address is the address of the variable for which it is a reference. 

Exercise 1.
1. I have told you that references behave in the same way as pointers and can be used to pass things by reference. Verify this for yourself by creating a function which takes two numbers and adds the first to the second. Do references allow the modification of the number they refer to?

2. It is widely acknowledged that a major pitfall of both references and pointers is that novice programmers may return pointers to memory not allocated from the heap (i.e. local variables). 

Add a second function to your program which subtracts one number from the other and returns a reference to a local variable called result. Call the function in your program followed by a call to add. Does the result remain unchanged?

3. Create an identical function which returns a pointer instead. You should observer very different behaviour.  What has happened and why?

Note: The reference cannot be used for dynamic memory or at least not sensibly.  Raw pointers are becoming frowned upon in modern C++ and developers are moving to smart pointers. 
Operator Overloading
Programming using C++ is a type-sensitive and type focused process extenuated by its object orientated nature.  In effect programmers use a collection of operators (+,-,= etc.) on a number of fundamental (int, float double etc.) and user defined (Circle, Ball, MyClass etc.) types.  C++ does not allow new operators to be created, but does allow the overloading of operators for use with user defined classes.  

For example imaging a situation where a Order class has been created comparing one order to another or combining two orders may look like


if(order1.equal(order2)) // same



delete(order2);


else



order1.addOrder(order2); //add order 1 to order 2



delete(order2)

Using operator overloading we may greatly reduce this 


if(order1 == order2) // same



delete(order2);


else



order1 += order2; //add order 1 to order 2 and deallocate order 2

This reduces the amount of code we have to write (greatly reducing coding effort) and makes the code easier to read.  Though there are some rules to follow:

1. To use an operator on a class it must be overloaded

2. Overloaded operators should mimic the capabilities of their build in counterparts i.e. + should always perform an addition and never a subtraction. 

Mechanism
The practicalities of implementing overloading are remarkably simple. Operators are overloaded as member functions (we create a method) whose name is the operator preceded by the keyword operator. 

e.g. operator==

Overloadable Operators

The following operators can be overloaded. 

+
-
*
/
%
^
&
|
~
!
=
<
>


+=
-=
*=
/=
%=
^=
&=
|=
<<
>>
>>=
<<=
==

!=
<=
>=
&&
||
++
--
->*
,
->
[]
()


In addition the keywords

new

delete

and their array based counterparts

new []

delete[]

can also be overloaded (this is useful for tracking memory). 

Note:  Overloading + and = is not the same as overloading += this must be overloaded separately. 
Unary and Binary Operators

It is not possible to change the associativity of an operator in other words we cannot make an operator which is applied right to left apply left to right.  It is also impossible to change the “arity” of an operator (i.e. whether it is binary or unary). Unary operators take a single argument, binary operators take two however many (if not most) operators have both unary and binary versions which can both be overloaded. 

For example – (minus)


Unary 

Point b = -a; //here – operates with a single object


Binary

Point c = a – b; //here – operates with two objects

// from header file Point.h

Point operator-();
// from cpp file Point.cpp
/*
 * Overloaded negation operator

 * Note: this takes no parameters it works with the class itself

 */
Point Point::operator-()

{


//This returns a static object on the stack

//this will be destroyed when the program exits

return Point(-x,-y);

}
// from main.cpp (main function)


Point myPoint(3,3);


myPoint.print();


//Note negation returns a temporary object

//equals is not currently overloaded compiler

//does its best and copies over all member variables

//should have an overloaded equals

Point p2 = -myPoint;


p2.print();


myPoint.print();
There is an important point to be noted here indicated by the comments.  It is normal practice to return temporary or what are sometimes called ghost variables from overloaded operations.  We should note however these are actually return values on the stack and will only exist for a short time.  

The copy assignment operator function is the only operator member function implemented by default. It can be redefined to include other functionality for example, to copy only certain class members or perform additional initialization procedures.
 Redefining is recommended as while the default works for simple classes it often fails for more complex ones. 




// from Point.h

Point operator-(Point&);

Point operator-(Point*);
// from Point.cpp

/*
 
* Overloaded minus operator


 * Note: the first object will be the point itself

 
* and the second is passed as a parameter

 
* i.e. (this - parameter)

 
*/


Point Point::operator -(Point& point2)


{



Point temp(this->x-point2.getX(), this->y-point2.getY());



return temp;


}


Point Point::operator -(Point* point2)


{



Point temp(this->x-point2->getX(), this->y-point2->getY());



return temp;


}

// from main.cpp


Point p3(1,1);

Point p1 = myPoint - p3;


p1.print();
In the example above the binary minus operator is shown, note that this requires two arguments (one either side of the minus sign). E.g. p3 = p1 – p2.  In this case the object before the sign has its operation called with the second object passed in as a parameter. Note again the creation of a static temporary object this will be created on the stack (of the calling function/method) when it is returned.  It is destroyed either when the overloaded minus is called for a second time or when the calling  method/function exits and is removed from the stack. 
Common Patterns for Overloaded Operators

How should overloaded functions work? This is a difficult question and depends very much on the design of the implementation and to some extent the mentality of the implementer.  For a large number of operators (I’ll use minus in this example) there are two possible modes of operation. 

1. Return a temporary object which is a result of the second object being subtracted from the first.

This approach requires that the equal operator be implemented (for anything other than a trivial example) its usage would be pt3 = p2 – p1;

2. Modify the first object. 

This eliminates the need for a temporary object or an overloaded equals. However it is far less obvious what the operation is doing in many cases (for example minus p2 – p1;) For other operations this makes far more sense take for example =. To make one object equal to another as in pt3 = pt2; we must modify the first component. 
As a final example to demonstrate the implementation of overloaded conditional operators the following is the code for equal.  

//in Point.h

bool operator==(Point&);
//in Point.cpp

bool Point::operator==(Point& pt2)
{


if(this->x == pt2.x)



if(this->y == pt2.y)




return true;



else



return false;


else 


return false;

}
Prefix and Postfix Increment/Decrement (a Special Case)
Pre-increment (e.g. ++i) and post-increment are two operations which use the same operator (the former as prefix and the latter as postfix,) hence overloading these requires a special case.  As a reminder pre-increment increments the value before it is used so:

a = 0;

b = 5;

b = ++a; //a is incremented and the result left on the stack

//at this point b is 1 and a is 1

Post-increment increments the value after it is used:

a = 0;

b = 5;

b = a++; //a++ returns a (the original value is left on stack)

// at this point b is 0 and a is 1. 
The following example makes little sense for the Point class with which we have been working but is included for completeness. 

// in Point.h


Point &operator++(void);//prefix increment

Point operator++(int);//postfix increment
// in Point.cpp


/* These operations do not make alot of sense for

 
* a simple point object (Sorry!)

 
*

 
* The prefix operator will leave a reference to the actual

 
* changed object on the stack (as references are used in the

 
* same way as static objects there are no issues with this).

 
*/

Point &Point::operator++()


{



x++;



y++;



return *this;


}


/* The posfix operator will return a temporary object

 
* which has the previous (post increment) value of the

 
* object.

 
*/

Point Point::operator++(int)


{



Point temp = *this;



x++;



y++;



return temp;


}
As the comments indicate there are minor differences in the return values of these methods which ensure that the operations can be used as we would expect. In the pre-increment a reference to the object is returned (and a reference is used like a static object,) allowing p2 = ++p1. In the post increment a temporary object is returned (reflecting the object state prior to the increment,) allowing p2 = p1++. 
Copying and Converting between Classes

The purpose of overloaded operators is to allow ease of use of objects within programs a further affect is the automatic calling of conversion and copy constructors. 

Copy Constructor
A copy constructor is one which provides a mechanism to create an identical copy of a given class. Single argument constructors are used implicitly (without instruction,) by the compiler where one user defined object is assigned to another. The following is an example from the point class. 

//in Point.h


Point(const Point&);
//in Point.cpp


/*

 * This is the constructor which is implicitly called


 * for example when we do p1 = -p3;

 
 *


 * Note the const this is good programming practice we


 * do not intend that the referenced variable be modified and


 * we ensure this is the case by making it constant.


 */

Point::Point(const Point& ref)


{



//Constant references can have their private


//data interrogated directly


x = ref.x;



y = ref.y;


}
This clearly provides us with potential problem what if we have more than one constructor which takes a single argument?  The answer to mark any constructor which cannot be used implicitly as explicit using the explicit keyword. 

//in Point.h


explicit Point(int);

//in Point.cpp


/* This demonstrates an explicit constructor but has no


 * real purpose.


 *


 * Note: There is no explicit keyword here


 */

Point::Point(int in)


{



x = y = in;

}

Conversion Constructors
Clearly it is a short step from this to a conversion constructor which rather than taking an object of the original type takes one of a different type and creates a comparable object.

Conversion Operators (Cast Operator)

//in Point.h

//The return type is dictated by the name

operator int*(); //conversion to int array

//in Point.cpp

 
/*


 * This performs the cast from a Point object to a

 
 * int* (primitive type) we could equally provide


 * overloaded casts for other primitives or objects.

 
 *


 * Note that there is no return type as this is


 * dictated by the subject of the cast


 */

Point::operator int*()


{



int* temp = new int[2];



temp[0] = x;



temp[1] = y;



return temp;


}
Exercise 2
The following questions centre around the creation of a Point class which stores information about a 2D Cartesian coordinate (x,y) position. This looks like a great number of questions but in many cases they only result in the addition of a single method to your class. 

1. Create a Point class complete with

1. Private variables x and y

2. Public mutator methods getX, setX, getY and setY

Write a short main method to ensure that these operate correctly.

2. Using the overloaded subtract method provided write an overloaded add and test this using the main

3. Write an overloaded anti equality (!=) operator for the point class using the equality operator provided as a guide (test this also using the main).

4. Write an overloaded assignment operator for the point class. 

5. Write an overloaded += operator (test this using the main).

6. Write a copy constructor (test this using the main). 
The Standard Template Library

The Standard Template Library or STL was created by Alexander Stepanov and Meng Lee at Hewlett Packard (with contributions from David Musser).  Though often refered to by programmers as the STL it is actually part of the C++ standard and part of the standard library.  The STL contains a large number of data structures and algorithms (which work with those structures) engineered for flexibility and performance.  

Templates provide a means of creating a single template function or class which can deal with many types.  We can define our own templates (though this is well beyond the scope of this session,) hopefully over the course of this year you’ll use a number of templates and possibly look at developing some of your own.  
Standard Input and Output – C++ Style
The standard template library provides objects to support I/O (input and output).  This is though various stream objects.  Stream objects act as both source and destination for bytes, organised as a linear sequence which can represent anything from a screen, file, network connection or anything else.  Manipulators act on the screens changing it in some way, for example a manipulator may make all the characters in a stream upper-case or convert between decimal and hexadecimal, (can also be used for compression and/or encryption).  Insertion can be performed on the stream placing more bytes into the stream, along with extraction to remove bytes.   At this stage we're only interested in input and output so we'll restrict ourselves to the <iostream> class which contains standard global stream objects such as cin, cout and endl. 

//Example for Introduction to Programming Notes

//Author:  Glenn

//Note: file created for command line compilation in terminal, 4 space indentation convention observed. 

#include <iostream>

using std::cin;

using std::cout;

using std:: endl;

//note this is more efficent/flexible than 

//using namespace std;

int main(int argv, char** argc)

{
    cout << "Hello World" << endl; //Outputs: Hello World \n
    return 0;

}
What is this?  This looks like nothing we've ever seen.  But wait, what if we look at it light this. cout<<”Helllo World”;  Isn't this a bit like p1+=p2.  The double chevron (less than signs) are an overloaded operator of the cout object (which is a kind of ostream).   Similarly cin is an overloaded object which allows console input. 

//Example for Introduction to Programming Notes

//Author:  Glenn

//Note: file created for command line compilation in terminal, 

//4 space indentation convention observed. 

#include <iostream>

using std::cin;

using std::cout;

using std:: endl;

//note this is more efficent/flexible than 

//using namespace std;

int main(int argv, char** argc)

{
    char string[16];
    cin >> string;

    cout << "Hello "<< string << endl; //Outputs: Hello followed 






//by the string provided and a carriage return 
    return 0;

}
There is a lot more that can be achieved with strings, however this is only and introduction.  Students should look to increase their own knowledge by reading up on related topics.  Start with Chapter 10 of the course text (C++ Programming for the Absolute Beginner). 

The String <string>
The string class provides us with a fully functioned string handling class which provides a vast range of overloaded methods to aid handling. It also provides the facility for dynamic memory allocation allowing us to continue adding to the string without fear of overwriting memory (the string dynamically allocates and frees its only memory). 

There will be no detailed description of the string class as when I introduce the editor it context sensitive help will provide much of the relevant information. The following reference example is from the first year course text (and useful C/C++ bible for all students). 

// Fig. 11.15: fig11_15.cpp
// C++ How to Program : Deitel and Deitel
// Additional comments by Glenn.

// Standard Library string class test program.
#include <iostream>

//These eliminate the need to use "using namespace std" which is

//useless if you have multiple namespaces and avoids having to

//type the whole std:: when using cout and endl
using std::cout;
using std::endl;

#include <string>
using std::string;

int main()

{

   //stack based strings
   string s1( "happy" );

   string s2( " birthday" );

   string s3;

   // test overloaded equality and relational operators
   cout << "s1 is \"" << s1 << "\"; s2 is \"" << s2

      << "\"; s3 is \"" << s3 << '\"'
      << "\n\nThe results of comparing s2 and s1:"
      << "\ns2 == s1 yields " << ( s2 == s1 ? "true" : "false" )

      << "\ns2 != s1 yields " << ( s2 != s1 ? "true" : "false" )

      << "\ns2 >  s1 yields " << ( s2 > s1 ? "true" : "false" )

      << "\ns2 <  s1 yields " << ( s2 < s1 ? "true" : "false" )

      << "\ns2 >= s1 yields " << ( s2 >= s1 ? "true" : "false" )

      << "\ns2 <= s1 yields " << ( s2 <= s1 ? "true" : "false" );

   // test string member function empty
   cout << "\n\nTesting s3.empty():" << endl;

   if ( s3.empty() )

   {

      cout << "s3 is empty; assigning s1 to s3;" << endl;

      s3 = s1; // assign s1 to s3
      cout << "s3 is \"" << s3 << "\"";

   } // end if

   // test overloaded string concatenation operator
   cout << "\n\ns1 += s2 yields s1 = ";

   s1 += s2; // test overloaded concatenation
   cout << s1;

   // test overloaded string concatenation operator with C-style string
   cout << "\n\ns1 += \" to you\" yields" << endl;

   s1 += " to you";  // this generates a C-style /0 terminated string
   cout << "s1 = " << s1 << "\n\n";

   // test string member function substr
   cout << "The substring of s1 starting at location 0 for\n"
      << "14 characters, s1.substr(0, 14), is:\n"
      << s1.substr( 0, 14 ) << "\n\n";

   // test substr "to-end-of-string" option
   cout << "The substring of s1 starting at\n"
      << "location 15, s1.substr(15), is:\n"
      << s1.substr( 15 ) << endl;

   // test copy constructor
   string *s4Ptr = new string( s1 );  //dynamically allocated string on heap
   cout << "\n*s4Ptr = " << *s4Ptr << "\n\n";

   // test assignment (=) operator with self-assignment
   cout << "assigning *s4Ptr to *s4Ptr" << endl;

   *s4Ptr = *s4Ptr;

   cout << "*s4Ptr = " << *s4Ptr << endl;

   // test destructor
   delete s4Ptr;

   // test using subscript operator to create lvalue
   s1[ 0 ] = 'H';

   s1[ 6 ] = 'B';

   cout << "\ns1 after s1[0] = 'H' and s1[6] = 'B' is: "
      << s1 << "\n\n";

   // test subscript out of range with string member function "at"
   cout << "Attempt to assign 'd' to s1.at( 30 ) yields:" << endl;

   s1.at( 30 ) = 'd'; // ERROR: subscript out of range
   return 0;

} // end main

/**************************************************************************

 * (C) Copyright 1992-2005 by Deitel & Associates, Inc. and               *

 * Pearson Education, Inc. All Rights Reserved.                           *

 *                                                                        *

 * DISCLAIMER: The authors and publisher of this book have used their     *

 * best efforts in preparing the book. These efforts include the          *

 * development, research, and testing of the theories and programs        *

 * to determine their effectiveness. The authors and publisher make       *

 * no warranty of any kind, expressed or implied, with regard to these    *

 * programs or to the documentation contained in these books. The authors *

 * and publisher shall not be liable in any event for incidental or       *

 * consequential damages in connection with, or arising out of, the       *

 * furnishing, performance, or use of these programs.                     *

 **************************************************************************/
According to another book, outputting strings should always take the following form. 

//Example for Introduction to Programming Notes

//Author:  Glenn

//Note: file created for command line compilation in terminal, 

//4 space indentation convention observed. 

#include <iostream>

using std::cin;

using std::cout;

using std:: endl;

using std::string;

//note this is more efficent/flexible than 

//using namespace std;

int main(int argv, char** argc)

{
    string str;
    cin >> str;

    cout << "Hello "<< str.c_str() << endl; //Outputs: Hello followed 






//by the string provided and a caridge return 
    return 0;

}
Note the use of .c_str(), I suggest this has some formatting implication where numbers are involved? 

Exercise 3
This short exercise is intended to get you using strings, the work we’ll undertake during the module will use them almost exclusively and so your going to get lots of practice. 

1. Create a string containing your first name

2. Create a string containing your second name

3. Append the strings to create a third string

4. Experiment with some of the other string handling functions from the example code above. 
We can also subclass the string class to create our own custom strings. 

#ifndef NAME_H
#define NAME_H

#include <string>
class Name : public std::string
{
public:
    Name();
    explicit Name(char*);
    explicit Name(std::string);
    Name(Name*);
    bool validate();
    virtual ~Name();

};
#endif // NAME_H
This gives us a string, which has all the properties of a std::string but allows us to validate that string such that it does not include numbers and symbols.  As when we do this with our own  classes we can call the base class constructors to undertake some of the object setup on our behalf. 

#include "Name.h"
#include <string>
Name::Name()

{

}
Name::Name(char *str) : std::string(str)

{

}
Name::Name(std::string str) : std::string(str)

{

}
Name::Name(Name *name)

{
    /* The assign opertor requires a reference, this is created
     * when we give it the actual object as a paramter
     */
    this->assign(*name);

}
Other Members of the STL
The standard template library provides a number of other useful members such as vector, list, stack and queue. These will be discussed later in the course as required though interested students may like to investigate these and integrate them into current assignments. 
Using Standard Exceptions
There are occasions in our programs where things go badly wrong and we cannot continue.  In C programs some kind of return value is required, this often means that functions have the following format. 

int funcitonName(<type> input1, … <type>* output);
Here the output is provided to the calling function by return parameter and the return value is used to provide an error code (usually with 0 being no error). 

C++ provides exceptions these work on the basis that the calling method (or at least a calling method somewhere in the stack,) has a catch for an exception which is thrown.  

#include <stdexcept>

We can create our own exceptions by deriving a class based on std::exception however in this example we'll throw one of the standard ones defined by C++. 

void Title::setTitle(int title)

{


switch(title)


{



case TITLE::DR:




this->title = DR;




break;



case TITLE::MR:




this->title = MR;




break;



case TITLE::MRS:




this->title = MRS;




break;



case TITLE::MISS:




this->title = MISS;




break;



case TITLE::MS:




this->title = MS;




break;



default:
            

throw std::out_of_range("Cannot convert to valid enum");
            

//this->title = NOT_SET;




break;


}

}

The above throws an exception where there is no valid enumerator to convert too. 
