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Presenter
Presentation Notes
Chapter 1 introduced the pyramid program as a problem-solving example and to demonstrate for-loops. This section returns to the program to provide an authentic context for developing rudimentary bulletproof code – rudimentary because it only validates numeric input. The text revisits and expands on this topic in a later chapter, introducing more complex validation.




COMMAND LINE INPUT

int main(int argc, char* argv[])

Presenter
Presentation Notes
Although graphical user interfaces (GUIs) dominate contemporary desktop computing, command-line interfaces (CLIs) were once commonplace and remain necessary in many situations. When users run programs from a CLI, they can also specify program input. The command line consists of the program name, followed by the optional input. The program accesses the command line through two arguments passed to the main function by the operating system. The first is the number of elements, including the program name, and the second is an array of character pointers or C-strings. Since the operating system passes data to programs, programs can’t change how data is passed, leaving C-strings as the only command-line input mechanism.




COMMAND LINE INPUT

#define HEIGHT 20

int main()
{
    for (int level = 0;
        level < HEIGHT; level++)
            . . .
}

int main(int argc, char* argv[])
{
    int height = atoi(argv[1]);

    for (int level = 0;
       level < height; level++)
           . . .
}

Presenter
Presentation Notes
The focus of the original pyramid example was solving the problem of drawing a pyramid of characters on the console. Consequently, the program sets the pyramid’s height to 20 using a symbolic constant. Alternatively, the focus of the examples developed here is to allow the user to specify the pyramid’s height and ensure that the user’s input is valid and appropriate. The code that draws the pyramid is a function of its height, and remains logically unchanged from the original, allowing the examples to omit it for brevity. The examples change the spelling of “HEIGHT” to lowercase to indicate that it is a variable rather than a constant.
The user runs the program by entering its name and the pyramid’s height on the command line. The program takes the height from argv as a C-string and converts it to an integer with atoi. The conversion only works if the second command argument “looks” like an integer.




VALIDATING INPUT

• Bulletproof code

• Detects errors

• Displays diagnostics

• Avoids failures

if (argc != 2)
{
    cerr << "USAGE: pyramid <height>" << endl;
    exit(1);
}

int height = atoi(argv[1]);
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Presentation Notes
The conversion fails if the user enters too few or too many arguments, or enters a string that isn’t convertible to a number. Bulletproof code detects such errors and reports them to the user. It also takes an action that prevents the program from failing or continuing to run in a compromised condition.
This example validates the number of arguments. Too few arguments cause the program to attempt to access a nonexistent array element, which is a serious runtime error. Too many arguments don’t cause a runtime error, but indicate either an input error or a misunderstanding. Either way, the program gracefully terminates.




VALIDATING INPUT TYPE

if (argc != 2)
{
}

for (size_t i = 0; i < strlen(argv[1]); i++)
    if (! isdigit(argv[1][i]))
    {
        cerr << "Invalid integer: " << argv[1] << endl;
        exit(2);
    }

int height = atoi(argv[1]);

Presenter
Presentation Notes
Validating that the second argument is a string representing a number is more challenging. At this point in our study of C++, the easiest solution is to examine each character individually and ask, “Is this a digit character?” The test ends the program if any character isn’t a digit. This process is a clumsy, brute-force approach; regular expressions, covered in the last chapter, offer a more elegant solution.




VALIDATING INPUT BOUNDS

int height = atoi(argv[1]);

if (height < 0 || height > 20)
{
    cerr << "Height is out of bounds" << endl;
    exit(3);
}
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Presentation Notes
Attempting to draw a pyramid with a negative height, or one that’s too tall to fit in a console window, won’t cause the program to fail, but it will produce a confusing, unsatisfactory picture. Consequently, bulletproof code should ensure that input values are “in bounds.” Data is in bounds if it doesn’t cause the program to fail and “makes sense” in the context of a given problem. The “isdigit” function rejects a minus sign in the string, but the example includes a test for negative numbers to demonstrate a simple bounds check.




FLEXIBLE 
INPUT

char input[10];

if (argc != 2)
{
    cout << "Please enter the pyramid height: ";
    cin.getline(input, 10);
}
else
    strcpy(input, argv[1]);

for (size_t i = 0; i < strlen(input); i++)
    if (! isdigit(input[i]))
    {
        cerr << "Invalid integer: " << input << endl;
        exit(1);
    }

int height = atoi(input);
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Presentation Notes
By extending the if-statement that tests the number of command-line arguments, programmers can create a program that offers users flexible input. If the user enters the pyramid’s height on the command line, the program uses it; otherwise, it prompts for input and reads it from the console. Using argv as the input variable for getline is ill-advised: it may not exist, and if it does, its size is unknown. The program introduces a new C-string variable to store console input. Programmers can avoid having a for-loop in each branch of the if-statement by copying command-line input from argv to the new C-string, allowing one for-loop to test input coming from both sources.




COMMAND LINE INPUT
TO string OBJECTS

string input;

if (argc != 2)
{
    cout << "Please enter the pyramid height: ";
    getline(cin, input);
}
else
    input = argv[1];
        . . .
int height = stoi(input);
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Data entered into a program via the command line is always a C-string. However, the program can easily convert it into a string object. Changing the variable type and the getline function are straightforward modifications. The string assignment operator performs the conversion, and the string stoi function replaces atoi.
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