
RMS

Root Mean Square

Advanced Average

Converting ΣTo C++

Presenter
Presentation Notes
The root mean square is another formula that uses the summation operator (Σ), subscripts, superscripts, and the square root operator. It calculates an average when the values it processes can be both positive and negative. We treat it as just another problem to convert to C++ using arrays and for-loops.




THE RMS FORMULA
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Presentation Notes
The notation xi is a general reference to one of many data values distinguished by a unique subscript number. C++ implements the x’s as an array whose elements correspond to the subscripted x values. The i=0 below the Greek letter Σ and the n-1 above it, mean that i starts at 0 and goes to n-1 – perfect values for a for-loop whose loop control variable indexes an array. If i doesn’t begin at 0, we would need to offset it as we did in the array version of the multiplication table program. Replacing the summation operator with a sum of an indeterminate number of terms illustrates how the subscripts label and bound the terms. The formula takes each value in the array, squares it, sums the squares, divides the sum by n, and takes the square root of the quotient.




RMS FORMULA TO C++

• 𝑥𝑥𝑖𝑖
• 𝑥𝑥𝑖𝑖2

• ∑𝑥𝑥𝑖𝑖2

• ∑𝑖𝑖=0𝑛𝑛−1 𝑥𝑥𝑖𝑖2

double rms(double* x, int n)
{
    double sum = 0;

    for (int i = 0; i < n; i++)
        sum += pow(x[i], 2);

    return sqrt(sum / n);
}
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Presentation Notes
Beginning inside the RMS formula, and working outward, allows us to articulate the formula elements, with the expressions and statements within the corresponding C++ function.
xi corresponds to an array element.
C++ squares the element with the pow function.
The summation operator corresponds to a C++ for-loop, an accumulator variable, and the addition-with-assignment operator. The summation operator’s bounds, control the for-loop’s iterations.




NUMBER OF DATA POINTS 
KNOWN

int main()
{
    int n = 0;
    cout << "Number of data points?: ";
    cin >> n;
    if (n < 1) exit(1);
    double* x = new double[n];

    for (int i = 0; i < n; i++)
    {
        cout << i << ": ";
        cin >> x[i];
    }

    cout << "rms = " << rms(x, n) << endl;

    delete[] x;

    return 0;
}

If the number of data points is known in 
advance, users enter the number, and the for-

loop reads them from the console.
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Presentation Notes
If users know the total number of data points in advance, they can enter that number, allowing a for-loop to read the data and fill an array. To protect the division operation in the RMS function, the program detects an inappropriate number of data values and aborts. Otherwise, it allocates an array on the heap with new, fills it, calls the function, and deletes the array.




NUMBER OF DATA POINTS 
UNKNOWN

int main()
{
    int n = 0;
    double x[1000];

    while (!cin.eof())
        cin >> x[n++];

    n--;

    if (n < 1) exit(1);

    cout << "rms = " << rms(x, n) << endl;

    return 0;
}

If the number of data points is unknown in 
advance, the program counts the data as users 

enter it. Users end input with an end-of-file 
character.
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Alternatively, if users don’t know the number of data points in advance, the program must count them as users enter them. Users signal the end of input with a special character: the end-of-file character. The program detects the end-of-file character with the end-of-file function, which returns true when it finds the character in the input.
This approach raises two problems. First, the end-of-file character depends on the operating system: it is control-Z on Windows and control-D on Linux and related systems. Furthermore, users can change the control-D to another character. Second, there is a delay between when the user enters the end-of-file character and when the program detects it. The user enters the character like any data value: they type the control character and press enter. The program detects the character in the next test after it is read, counted, and added to the array. So, the program “uncounts” it following the loop.
If the user enters at least one data value, the program calls the rms function.




ELIMINATING THE ARRAY

int main()
{
    double x;
    int  n = 0;
    double sum = 0;

    for (cin >> x; !cin.eof(); n++)
    {
        sum += pow(x, 2);
        cin >> x;
    }

    if (n < 1) exit(1);

    cout << "rms = " <<
        sqrt(sum / n) << endl;

    return 0;
}

An array makes the rms function possible.

Combining input and calculation eliminates the 
need for an array.
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Presentation Notes
Putting the data in an array allows programmers to write a general RMS function. Significantly, it also makes the RMS problem relevant to the current chapter. However, if we combine the data input and the RMS calculation into a single function, we can eliminate the array.
The for-loop reads the first data value. If it isn’t the end-of-file character, the loop squares and sums the data, then reads the next value. The loop ends when the user enters the end-of-file character. If the user enters at least one data value, the program divides the sum by the number of data values, then prints the square root of the quotient.
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