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CIS 4100 Lecture 2

How do I use arrays with User Defined Objects??

Let us suppose that we have a User Defined Type in the form:

 class Employee

 {

    int ID;

 public:

   void setID(int n)     {ID = n;}

   int getID()              { return ID;}

 };

The setID() function of this class works this way:

 When you call the function, you must send it an int object or a value that can be converted into an int. The function will take this value and place it into the “ID” member of the object. Therefore if we have an object named e2 of the class Employee, we can write:


This statement calls the setID() function of the e2 object with the value 456 as argument. The function will set the ID member of the e2 object to 456.

Lets’ try a more complex example. Imagine that those oh-so-useful include files, iostream & the rest have been included. In our main() function,  we can say:


Let us examine this code. The defining statement:


Creates an array of ten Employee objects named emp[0], emp[1], emp[2] up to emp[9].

In the snippet of code:

  
The counter "i" will attain every value from 0 to 9. When it becomes 10 the loop will end. 

In the first iteration, "i" has a value of zero. Therefore in that cycle, emp[i] refers to emp[0]. So the term:

              emp[i].setID(temp);

calls the setID() function of the first array element, emp[0] and sends it temp as an argument. Therefore, the ID member of emp[0] will be set to the value of temp as specified by the code of the setID() function.

They say that pointers have something to do with arrays. What gives??

In the preceding lecture we established that when we create an array with the defining statement like:

            int num[10];

we generate a situation in memory that can be conceptualized as shown below:

                   Location                     900         904       908        912       916        920       924        928       932       936

                  Value             

                   Name                                  num        num      num      num      num       num       num      num       num     num

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

                   Data Type                            int           int         int         int         int          int          int          int         int       int  

Well, you have my apologies. I lied to you earlier; or rather, I did not tell the whole story. Here it is. When you define an array for example:

    int num[10];

We actually get two things. 

· Firstly, we get the array, which is what we are really interested in.

· Secondly, we get a pointer to the first element of the array.

A brief word on pointers

Definition: A pointer is an object capable of holding the address of another object.

This tells us two things:

1. A pointer is an object in its' own right.

2. The value held by a pointer is the address of another object.

When a pointer holds the address of another object, it is said to "point" to that object or reference that object. When a pointer "points” to an object, we can manipulate that object through the pointer.

Pointers are highly specific. If we wish to "point" to an int object, we must use an int pointer. If we wish to "point"  to a double object we must use a double pointer. If we need to point to a User Defined Object, for example an Employee object, we must use an Employee pointer. The act of creating a class declaration, for example the class declaration of the Employee class on page 1 gives us the ability to create pointers of that type. So if I can say:


 I can also say:


As demonstrated above, we can explicitly create a pointer by writing a statement in the form:

  Class-name  asterisk(*) pointer-name.

· The Class-name indicates what type of object the pointer will be used to point to.

· The asterisk signals the compiler that we want a pointer and NOT an object of that type

· The pointer-name is the name that you have decided to give the pointer. This can be any legal C++ object name.

So the statement:

 Asterisk

int   *  ptr;

Class-name pointer-name.

Will create an object of type “pointer to int” named ptr. This type of pointer will be a pointer variable.

Back to Arrays

As stated before, when we create an array, we are given a pointer to the first element of the array. This is done entirely by the system with no input on our part. However, since this pointer creation follows certain rules, we can tell a great deal about the pointer.

Type

Pointers, as we said, are highly specific. Therefore, if we create an int array and we are given a pointer that points to the first element of the array, since that element is an int, it follows that the pointer that points to it MUST be an int pointer. In general this is true in all cases. If we create a double array, we are given a double pointer that points at or has the address of the first element of the array. If we create an Employee array, we are given an Employee pointer that has the address of the first element of that array. 

This pointer is what is called a pointer constant. This means that its value (the address it holds) cannot be changed during the execution of the program. This makes sense if you consider that the job of this pointer is to keep track of the beginning of the array. If its' value were to change, it would point not to the beginning of our array but to some other location in memory.

Name

The pointer bears the name of the array, so the pointer assigned to the num array is called "num". This is not a problem since if we need to reference any element of the array, we must refer to it by the array name and the element's index. If, in our code, we refer to simply "num", we are not referring to any element of the array. Instead, we are referring to the pointer that points to the first element of the array. Note this fact well.

Value
The pointer, as stated before, holds the address of the first element of the array. In our example, the first element of the "num" array (num[0]) is at address 900. Therefore the pointer, "num", holds the value 900. Note well that only the first element is "pointed to." 

So after  the defining statement:

           int num[10];

The situation in memory is actually:

                                     Location             900         904       908        912       916        920       924        928       932       936

                                     Value        

   num

                                      Name                 num      num      num      num      num        num      num       num      num     num

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

                                      Data Type           int         int         int        int       int            int         int           int          int       int  

Earlier, we said that: "If in our code we refer to simply 'num' we are not referring to any element of the array. Instead, we are referring to the pointer that points to the first element of the array."

Therefore if we write the statement:

     num = 45;

The machine will interpret this as an attempt to place the value 45 into the pointer “num”. The compiler will not like this for two reasons:

1. C++ will not allow you to explicitly assign any value to a pointer except zero (0). Later in this course, we shall see how pointer assignments may be made.

2. "num" is a pointer constant. Its' value cannot change during the execution of the program.

Incidentally, we can create an int pointer of out own and point it to the array. In our main(), we can say:


The first line, as we discussed earlier, causes the creation of an object of type “pointer to int” named ptr.  ptr, unlike num, is a pointer variable. As a variable, its’ value can be changed during the execution of the program.

The second line copies the value of num into ptr. Since the value of num is the address of the first element of the num array, after this line executes, ptr will also hold the address of the first element of the array, therefore it will “point” at that object. Therefore the element num[0] will have two pointers pointing to it. The situation can be conceptualized as shown below:

         ptr


                                     Location             900         904       908        912       916        920       924        928       932       936

                                     Value        

num

                                      Name                 num      num      num      num      num        num      num       num      num     num

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

                                      Data Type            int         int         int        int       int            int         int           int          int       int  

Another confession

Previously, I had stated that each element of the array is named num. This is not entirely accurate. Indeed it is an outright lie. The elements of the array have NO name. The situation is actually like this:

                                     Location             900         904       908        912       916        920       924        928       932       936

                                     Value        

num

                                      Name                 

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

                                      Data Type            int         int         int        int       int            int         int           int          int       int  

You will observe that in the “name” row, the values are blank. The only object with a name is the pointer to the array. We actually access the elements of the array through the pointer. For example, the element name num[0] is actually made up of two parts:

1. The pointer name, num

2. The index operator ( [ ] )

Together they look like:   num[ ].

The index operator de-references the pointer. In other words, it tells the system to “go to the object that this pointer references.” 

What about the number in the index operator?

Good question. Another part of this name is missing, the integer that goes into the index operator. This integer tells the system the displacement from the object in question or in other words, how many elements from the element in question is the object we want to access . 

If we put a zero ( 0 ) in the index operator, we are telling the system that we want to access the object zero objects from the object in question, in other words, that same object. 

The element name num[0] therefore means:

1. Go to the object referenced by the pointer num 

2. And go zero elements beyond that object. 

In other words, we want the first object in the array. 

If we were to say num[1], this would mean:

1. Go to the object referenced by the pointer num, 

2. And go one elements beyond that object. 

In other words, we want to the second object or element in the array. 

This is a large part of the reason that in C/C++, arrays are always indexed starting with zero ( 0 ).

When we study pointers in depth we will see some very interesting things that can be done with ptr because of the fact that it is a pointer variable.

What else do I need to know about Arrays?

Well, lots of stuff, but since the semester is short, let us concentrate on a few “tricks” every programmer should be able to perform on arrays.

Finding largest value.

We are given an array of some finite length and tasked to find the largest value in that array. First, let us approach the problem conceptually. 

We know that the array is of length n. We take the first number and pretend that it is the largest number we have seen thus far. Indeed, it is the largest number we have seen thus far since it is the only number we have examined thus far. 

We then compare this number to the second number. If the second number is larger than the number we are holding, we discard the number we were holding and replace it with the second number. If the second number is not larger, we ignore it.

We repeat this process with the third, fourth and so on, up to the nth number. At the end of the comparisons, the number we are holding must be the largest number in the array. Got that? You may need to read it a couple times.

Now, let’s write some code. Pretend that this snippet appears somewhere in a function.


In line 1, we create and initialize an array of int objects. This method of initializing an array may be new to you so let’s discuss it.

 If we create an int object, we can initialize it at the point of definition as follows:

   int var = 234;

That statement does two things.

1. It creates an object named “var” of type int

2. It puts the value 234 into the object “var”.

This is called initializing the object. When we create an array, we can also initialize it at the point of definition. In the code above, we defined the array with the statement:

 int num[10] = {4, 76, 45,67, 89, 0, 45};

This commands the compiler to do two things:

1. Create an array of ten int objects named num

2. Put 4 into the first element of num, 76 into the second, 45 into the third, 67 into the fourth and so on. 

You may note that while there are ten array elements defined, our definition list (the series of numbers enclosed by the braces) only contains seven numbers. That means that the first seven elements will be initialized with values from the initialization list, but what about the rest?

The answer is that the compiler does something very kind for us. It will put the value zero (0) into every other element. That means that elements num[7], num[8] & num[9] will contain the value 0.

An easy way to “zero out” an array would be to write the statement:

  int obj[10] = {0};

This would put zero into the first element of the array and since we have not specified values for the other elements, it would put zero into them as well.

Back to that snippet of code

In line 3, we have:

 int largest = num[0];

Creates a single int object named “largest” and initializes it with the value of the first array element. In this example, that value would be 4.

The ensuing for loop causes “largest” to be compared to every other array element in turn. If the value of the array element is greater than the value of “largest” the value of “largest” is replaced by the value of the array element.

No doubt, you can see how this code an be modified to find the smallest value in the array by simply changing the test from:

8.  if(num[i] > largest)// is element greater than largest?

To

8. if(num[i] < largest)// is element smaller than largest

Of course, you would probably want to change the name of the comparison variable from “largest” to “smallest” although the compiler wouldn’t care.

Adding the values in an Array 

We are given an array of some finite length and tasked to add all the numbers in the array. Again, we approach the problem conceptually first. 

This is quite simple conceptually. We go through the array adding each number in turn to a variable we have created to hold the total value.

The code would look like:


In line 1, we create an int array and initialize same.  

In line three, we create an int object named “totalValue”and initialize it to zero. 

In the ensuing for loop, we step through the array adding each element in turn to “totalValue”. Since we made sure to start “totalValue” with 0, the value it holds at the end of the loop’s execution would be the summation of all the values in the array.

In the next lecture, we will continue with our consideration of array manipulation. We will also consider multi-dimensional arrays.
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void main()


 {


    Employee emp[10];   // Create an Array of 10 Employee objects 


                        // called "emp"


    int temp;          // An int to hold the ID temporarily





   for(int i = 0; i < 10; i++)   // A "for" loop to traverse the 


                                 // "emp" array


       {


             cout << "\nEnter an ID: ";   "


             cin >> temp;       // Get an ID number 


                                //from user and store it in temp


            emp[i].setID(temp);     // Call the setID() function 


                                   // of an Array element sending 


                                   // it the ID (in temp)


        }





for(int i = 0; i < 10; i++)   // Another for loop to traverse the 


                              // array


     {


            cout << "\nThe ID of employee  " << (i + 1) << " is:           


                 << emp[I].getID();


     }


return;


}














   for(int i = 0; i < 10; i++)   // A for loop to traverse the 


                                 // "emp" array


       {


             cout << "\nEnter an ID: ";   "


             cin >> temp;    // Get an ID number 


                             //from user and store it in "temp


            emp[i].setID(temp);     // Call the setID function of 


                                    // an Array element sending 


                                    // it the ID (in temp)


        }














int * ptr;   // Create an int pointer. Note use of asterisk


ptr = num;   // Assign the value of num to ptr











???





???





???





???





???





???





???





???





???





???





900





900








 1. int num[10] = {4, 76, 45,67, 89, 0, 45};// Create and initialize array


 2. 


 3. int largest = num[0];  // Create an int object and give it the value


 4.                       // of the first element of the array 


 5.


 6. for ( int i = 0; i < 10; i++)  // for loop to traverse array


 7.  {


 8.   if(num[i] > largest)     // compare “largest” to each array element


 9.       largest = num[i];    // if element is larger, replace value of       


10.                           // “largest” with element value


 }


   


   








 1. int num[10] = {4, 76, 45,67, 89, 0, 45};// Create and initialize array


 2. 


 3. int totalValue = 0;  // Create an int object and give it the value 0


 4.                       


 5.


 6. for ( int i = 0; i < 10; i++)  // for loop to traverse array


 7.   totalValue +=  num[i];     // add each element to “totalValue”


 8.       


 


   


   





Employee emp[10];   





e2.setID(456);





Employee emp;   // Create an object named emp of type employee





Employee *ePtr; // Create an object named ePtr of type “pointer to Employee”
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