Lesson 4: Testing Conditions in C

Testing Using Relational Operators

There are a number of places both in pseudo-code and in C where one wants to perform some test. Examples include the IF part of a conditional and the condition in a WHILE loop. As we go along, we will see more examples.
The function of tests in pseudo-code and C programs will be clear. In both cases, we test to see if something is true and if it is, we perform one (set of) action(s); if not, another. There are a number of different relational operators that one can use to test for example the values of two variables, some of which we have encountered already. We simply list some of them here:
PRIVATE
==
is equal to

!=
is not equal to

<
smaller than

<=
smaller than or equal to

>
larger than

>=
larger than or equal to

One can also combine tests in C. For example, ! is used to negate a test. So, !test returns true whenever test returns false, and false whenever test returns false. && is used to conjoin tests. So, test1 && test2 returns true if test1 returns true and test2 returns true. Finally, test1 || test2 returns true if either test1 returns true or test2 returns true or both return true. There is a minor complication which the conjunction and disjunction of tests. In both cases, C stops testing as soon as possible. Thus, in the case of test1 && test2, if C discovers that test1 is false, then it does not bother to test test2. After all, since test1 is false, the entire conjunction cannot be true anyway and there is no point in testing test2. In a similar vein, in the case of test1 || test2, if C discovers that test1 is true, it does not test test2. After all, it already knows that test1 is true and that therefore the entire disjunction must be true.

There is one further complication. C does not really understand the concepts true and false. Rather, it interprets 0 as false and any other value as true, although, as we shall see later, we can extend C to allow for a so-called Boolean data type, a data type that can only take on the values true and false. This means that the following two tests are equivalent:

!whatever
and
whatever == 0

Which notation one uses is a matter of personal taste.

There is one more comment to make about tests, and this goes back to the possible confusion between the assignment operator = and the equality test ==. Recall also that an assignment statement always returns the value that was assigned to the variable. Bearing this in mind, consider the following piece of probably mistaken C code:

int j;

printf("Please enter a number");
scanf("%d", &j);

if (j = 2)

printf("You entered 2\n");
else

printf("You entered another number than 2\n");

Inspect the code for a minute and see what it does. See "Ans1" to see the answer.

Sometimes you can use the fact that assignment returns the value assigned to the variable to your advantage. For example, we could rewrite the function main in the larger C program that we are discussing as follows:
void main(void)
{

int stid;

while(stid = getStudentID())

{

int j, numberA, sum, scr, avg;


printf("Input number of assignments\n");

scanf("%d", &numberA);

numberA = validate(numberA,2,6);

sum = 0;

for(j = 1; j <= numberA; j++)

{

printf("Enter course work score\n");

scanf("%d", &scr);

sum += scr;


}


avg = sum/numberA;


printf("%d handed in %d pieces of



coursework\n", stid, numberA);


printf("Their average is %d\n", avg);


}
}

The line to look at is the condition in the WHILE loop

stid = getStudentID()

It works as follows. We first call the function getStudentID. This function returns some value which we now assign to the variable stid. If getStudentID returned 0 (the user really wanted to come out of the WHILE loop), the return of the assignment statement stid = getStudentID() would be 0 as well. But 0 is interpreted as false, and we would therefore come out of the WHILE loop. Clearly, if the user entered any value other than 0, then we would stay in the WHILE loop. Clearly, the re-written WHILE loop is more difficult to understand than the original one. However, C programmers often use this more complicated way of doing things.
Finally, let us return to the disjunction in the function validate. We use the following test:
o < l || h < o
The following is an alternative way of formulating the same test.
!(l <= o && o <= h)
Convince yourself that this statement is correct, and see if you can find yet alternative ways of formulating this test.
Yet More on Blocks

We have encountered blocks a few times now. Blocks are used whenever the programmer wishes a number of statements to be performed together, either in the body of a function, the body of a for or while loop or in the THEN or ELSE part of a conditional statement. We also saw that all the variables that are used in a block have to be declared at the beginning of the block. One cannot declare a new variable in a block after a statement other than a variable declaration has been made.
There is one further comment to make on blocks concerning what is called the scope of a variable declaration. What happens to a variable when the program exits a block? Consider the following example:
void main(void)

{

int j;


{
for(j = 0; j < 5; j++)

if (j == 0)

{

int k;

else
}
k = 0;

{

k += j;

printf("The total is %d\n", k);
}

}

}

After a little inspection of the program, its intent may become clear: It is an (somewhat inelegant) attempt at adding the numbers between 1 and 4. Thus, the programmer decides to declare a new variable k on the first iteration through the for loop (when j is equal to 0) and adding the value of j to k on every other iteration through the for loop. The question is whether this program will work.

The answer to the question whether the program will work is an unequivocal “no”; the program will not work. The problem is that a variable declaration is only valid for the block in which it has been declared. If we look at the above example, we see that the variable k is declared in the block constituting the then part of the conditional. However, it is used in the block constituting the else part, as well as the larger block that is the body of main. But the variable declaration of k is only valid in the block containing it, i.e., the then part of the conditional inside the for loop. It cannot be used anywhere outside the then part of the conditional, such as the else part of the conditional or outside the for loop.

Notice that the inability to use a variable declared in a block inside a larger block outside the inner block does not mean that we cannot use a variable declared in the outer block in the inner block. In fact, we have already seen a number of examples of this. In the above example, although j is declared in the body of the function main, there is no problem in using it inside the body of the for loop or inside the else part of the conditional inside the for loop. In other words, a variable declaration made in a block is usually valid inside the block itself and all the blocks embedded in it. A variable declaration made in a block is typically not valid in the blocks containing the declaring block. There are some exceptions to this general rule but these can wait until later.

Finally, the fact that each function definition is its own block also means that variables declared in one function cannot be used in another function. It is also important that the block structure concerns the text of the program, not the execution of the program. Thus, although the function main directly or indirectly calls all other functions in a program, each function, including main, defines its own independent block. In other words, none of the variables declared in the function main will typically be usable in any other function.

With all this in mind, users are encouraged to make a minimal change to the example discussed in this section to turn it into a working program. See "Ans2" for the answer.

** End of Lesson 4 **
