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Presentation Notes
The averaging example revisits a sequence of practice problems from the previous chapter by introducing arrays. The ultimate goal is to read an unspecified number of non-negative scores from the console, store them in an array, and calculate their average.




OVERVIEW

Example 1 Example 2 Example 3

Data Random Random Console

Average Function N/A Fixed Array Size Variable Array Size
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Presentation Notes
Focusing primarily on using arrays, the examples progress through three variations. The first fills the array with ten pseudo-random values and calculates their average. The second version moves the averaging operations to a function. The final version becomes more authentic by allowing a user to enter a variable number of values - the example assumes they are assignment scores - on the console, and updates the averaging function to work with an array of an indefinite size.




PSEUDO-RANDOM NUMBERS

#include <random>      
#include <chrono>

long ticks = chrono::system_clock::now().time_since_epoch().count();

default_random_engine            rng((unsigned)(ticks));
uniform_int_distribution<int>    range(1, 100);
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Presentation Notes
The first two versions of the program fill arrays with pseudo-random numbers. Generating the numbers requires concepts not yet covered, and isn’t pertinent to the present discussion. The optional video accompanying this section provides additional detail. For the current discussion, it’s sufficient to note that the program creates a random number generator and uses it to produce pseudo-random numbers in the range 1 to 100.




average.cpp
VERSION 1int main()

{
    int    numbers[10];

    for (int i = 0; i < 10; i++)
        numbers[i] = range(rng);

    double    sum = 0;

    for (int i = 0; i < 10; i++)
        sum += numbers[i];

    cout << "The average is " << sum / 10 << endl;

    return 0;
}
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The first version of the program is straightforward. It defines an array of 10 integers. When used in a definition, the square brackets denote the array’s size or total capacity, which can’t change. Programs specify each of the array dimensions with a separate pair of brackets, and must use a compile-time constant when specifying the dimension’s size.
To access individual array elements, programs typically use one for-loop for each dimension. When used outside a definition, the brackets access one array element and may appear on either the left or the right side of the assignment operator. The value inside the brackets, called an index or subscript, identifies a specific array element. Indexes may be constants or variables. Arrays are zero-indexed, so the first element is at location 0, and the last is at size - 1, or 9 in this example.
A for-loop fills the array with pseudo-random numbers. The program defines and initializes an accumulator variable to store the sum or total of the values in the numbers array. Another for-loop calculates the sum of the array elements. Finally, the cout statement calculates and displays the average. Although the loop sums integers, defining “sum” as a “double” eliminates truncation errors when calculating the average.
The next version moves the averaging code to a function.




average.cpp
VERSION 2

cout << "The average is " << sum / 10 << endl;
cout << "The average is " << average(numbers) << endl;

double average(int* numbers)
{
    double sum = 0;

    for (int i = 0; i < 10; i++)
        sum += numbers[i];

    return sum / 10;
}
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Version 2 is an intermediate step between the simple starting point and the ultimate goal of creating an authentic averaging function and a realistic client program. It replaces the averaging expression with a call to the average function. The function’s body consists of the averaging statements copied from the first version. The function’s header is its significant feature. It shows the array being passed as a pointer and returning a “double” value. Programmers can also use an array notation. Either notation also serves as a valid function prototype. The calculated average is automatically a “double” type because the “sum” is a “double.”




average.cpp
VERSION 3

int main()
{
    int    scores[1000];
    int    count  = 0;

    while (count < 1000)
    {
        int    score;
        cout << "Please enter a score: ";
        cin >> score;
        if (score != -1)
            scores[count++] = score;
        else
            break;
    }

    if (count == 1000)
        cout << "The number of entered scores exceeds 1000" << endl;

    cout << "The average is " << average(count, scores) << endl;

    return 0;
}
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The third and final version implements a program that allows users to enter assignment scores from the console. The number of scores is not specified at compile-time but is limited to 1000. The program counts the scores as the user enters them and stores them in an array. Input ends if the user enters more than 1000 scores or enters a -1. After the input is complete, the program calls the average function, passing the number of scores and the array of scores as arguments.




average
FUNCTIONdouble average(int size, int* a)

{
    if (size == 0)
    {
        cerr << "Array is empty" << endl;
        return 0;
    }

    double sum = 0;

    for (int i = 0; i < size; i++)
        sum += a[i];

    return sum / size;
}
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The example generalizes the final version of the average function, making it more usable and robust. The client program counts the scores as the user enters them, but it passes the count to a parameter named “size,” suggesting that the functions use the value in different ways. In the average function, size is the number of filled array elements. This parameter allows the function to process all integer arrays, regardless of their size.
However, if the array is empty, for example, if the user stops input with a -1 before entering any data, the division operation will produce a divide-by-zero error. The function detects this situation before the error occurs and displays an error message. The function must return a value, so it returns 0. The text introduces exceptions in a subsequent chapter, and throwing one here is a more appropriate response.
Renaming the array is the final generalizing change. It doesn’t change the function’s operation, but acknowledges that the array doesn’t always store assignment scores. The final version of the average function is suitable for calculating the average of any array of integers.
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