Lecture 4

In our previous sessions, we discussed the ins and outs of basic arrays. Today we will tackle a rather exotic species of the array family, char arrays.

Text processing is one of the most important facets of programming. In C++, text is usually stored in arrays of char objects, char arrays as they are called. Text processing is deemed to be so important that C++ has made special provisions for the handling of char arrays. These arrays follow slightly different rules from regular arrays.

Tell me again, why do I need char arrays?

If you want to store a single alphanumeric character, you need a char object. A char object takes up one byte and can store only one (1) character at a time. Therefore if you need to store a name for example, "John," you need a series of characters. You need one for the 'J', one for the 'o', another for the 'h', another for the 'n' and yet another for purposes that shall be shortly revealed. In other words, you need an array of char objects.

And how do I create this type of array?

char arrays are created in the same way as other arrays. To create a char array called "name" we would say:

                  char  name[20];

This gives us an array that is capable of holding up to 20 characters.

You claim that char arrays are different. How so?

In the previous lectures, we established that when we create an array, the system would generate a pointer to the first element of that array. For example if we wrote the statement:

                                            int num[10];

We would be gifted with a pointer named "num" of type "pointer to int" which would hold the address of num[0], the first element of the array.

We also established that a statement such as:

                        cin >> num;

Was doomed to failure because it was an attempt to change the contents of a pointer constant.

char arrays also have pointers. In our example above a pointer called "name" was generated. "name" however is more capable than the ordinary run of pointers.

If we write the following statement:

                     cin >> name;

Surprise, surprise!! The compiler accepts it and the system executes it. The compiler "knows" that in the case of char arrays (and char  arrays only), such a statement does not invite input to the pointer itself, but to the array indicated by the pointer.

To be (slightly) technical about it, the "extraction operator" ( >> ) has been overloaded to work with char arrays. The operator knows that the input it receives is to be directed to the array and NOT to the pointer. Let us see an example. We create an array:

    char  name[10];

   This generates a situation in memory that can be depicted as follows:

                                     Location             900         901       902        903       904        905       906        907       908       909

                                     Value        

name

                                      Name              name      name     name     name     name        name    name     name     name    name

                                      Index                   [0]       [1]          [2]        [3]        [4]          [5]         [6]         [7]          [8]      [9]

                                      Data Type            char    char        char     char       char       char       char       char        char   char  

Again, the locations (addresses) are for purposes of discussion only.

We write:

                 cin >> name;

Let us say that in response to this statement the user types:

                      John (
Where ( represents the enter key. The cin object would take the input "John" and place it not in the pointer, but in the array indicated by the pointer making the situation in memory:

                                     Location             900         901       902        903       904        905       906        907       908       909

                                     Value        

name

                                      Name              name      name     name     name     name        name    name     name     name    name

                                      Index                   [0]       [1]          [2]        [3]        [4]          [5]         [6]         [7]          [8]      [9]

                                      Data Type            char    char        char     char       char       char       char       char        char   char  

The Null Terminator

Observe the value in num[4]. It looks like two characters but it is not. It is a character called the "NULL TERMINATOR' that is represented in text by the characters '\0'. The cin object has placed it there.The null terminator in effect, tells the system where the end of the string is located. 

The insertion operator has also been overloaded to work with char arrays. Therefore, we can "cout" a char array. When the system executes the statement:

    cout << name;

It will NOT display on the screen the contents of the "name" pointer. It will display the contents of the array indicated by that pointer. Again, this is possible ONLY with char arrays. The system will display every element of the array in turn until it comes to the NULL TERMINATOR. There it would stop.

If in a later statement we were again to accept some input to the "name" array via a statement such as:

   cin >> name;

And the user were to type:

Ng (
The array would now look like:

                                     Location             900         901       902        903       904        905       906        907       908       909

                                     Value        

name

                                      Name              name      name     name     name     name        name    name     name     name    name

                                      Index                   [0]       [1]          [2]        [3]        [4]          [5]         [6]         [7]          [8]      [9]

                                      Data Type            char    char        char     char       char       char       char       char        char   char  

Observe that there are now two (2) null terminators in the array. Only the first one, (in name[2]), however, is of interest. As far as the system is concerned, the string in the "name" array occupies only num[0] and num[1].

Because of the importance of the null terminator, char arrays are referred to in C++ as "Null Terminated Strings".

We now see the reason why we need to budget an extra byte of space when we wish to store a string. We must leave space for the null terminator.

Note:

 if in response to:

  cin >> name;

The user were to type:

 John Brown (
Only "John" would be stored in the array. The extraction operator ( >> ) stops reading input when it encounters a space.

Can I still refer directly to the elements of a char array?

Of course! You can refer to them in the same way you would refer to the elements of any other type of array.

Suppose we had an array "fName" as depicted below:

fName

	J
	A
	M
	E
	S
	\0
	
	
	
	
	
	


To display the contents of this array  we could write:


we could also write


This loop will stop when it encounters the null terminator. In the meantime, it will display every element of the "fName" array in turn.

We can still directly assign a value to an element. We could write:


Making the string in fName:

fName

	A
	A
	M
	E
	S
	\0
	
	
	
	
	
	


A question that will familiarize us with char arrays

We will write a bit of code that will take a string, reverse and print it out. On other words if the original string is:

                      "HARLEY"

Our code will print out:

                     "YELRAH".


In lines 7 to 10 we create objects that we will need. An array, str,  to hold the original string. Another array, reverse, to hold the reversed string. And two int objects, strInd and revInd which will serve as indices for the arrays.

In line 14, we get the length of the string. In 15, we subtract 1 from that number since our array is indexed from zero. If the string has six characters, the last element is indexed ( - 1) or 5.

Ideally, if the string has six characters, we want to put:

  str[5] into reverse[0]

  str[4] into reverse[1]

  str[3] into reverse[2]

  str[2] into reverse[3]

  str[1] into reverse[4]

  str[0] into reverse[5]

This does not account for the null terminator. Since strlen() does not count the null terminator, it will not be moved by our loop. We must place the null terminator ourself. We do this in line 20.

Please examine this code carefully, especially the loop body and the increment section of the for loop.
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 7.  char str[30];          // Create a char array


 8.  char reverse[30];   // And a another char array


 9.  int strInd;               // index for str array


10. int revInd;              // index for reverse array                


11.


12.  cout << "\nEnter the string to be reversed: ";


13.  cin >> str;                 // accept the string from user


14.  strInd  = strlen(str);  // get length of string and  put into index


15.  strInd--;                     // subtract 1 since array is indexed from zero.


16.  


17.  for( revInd = 0; strInd >= 0; strInd--, revInd++)


18.            reverse[revInd] = str[strInd];


19.


20.  reverse[revInd] = '\0';


21.


22.  cout << reverse;











cout << fName; 











for(int n = 0;  fName[n] != '\0';  n++)


   cout << fName[n];





 fName[0] = 'A';








