.Lesson 3: Coursework Averages, Revisited
The Problem

In Topic 4 of Unit 2, we looked at the following problem:

You have been asked to write a computer program to calculate the average coursework grade for students. One does not know in advance how many students there are, or how many coursework assignments a student has handed in. However, a student must have handed in at least two marks and can maximally hand in 6 pieces of coursework. Moreover, coursework marks have to be between 0 and 100. The program is expected to print out the student ID number, the number of coursework assignments that the student has handed in and the average mark. This information can be printed out as soon as the information about an individual student has been entered. In other words, there is no need to store the information about individual students.

In our solution to this problem, we identified two modules, namely

Module

getStudentID
Name:

None
Input:

Process:


PRINT("Please enter a student ID")


PRINT("Use 0 to terminate processing")


READ(Student ID)


RETURN(Student ID)

Student ID
Output:

and


Module:


validate
Name:

value
Input:

lo { Lowest Possible Value }

hi { Highest Possible Value }

Process:

 WHILE (value < lo or value > hi)

PRINT("Invalid value")

PRINT("Value must be between")

PRINT(hi)

PRINT("and")

PRINT(lo)


RETURN(value)
ENDWHILE

READ(value)

Output: value

We then used these modules to arrive at the following pseudo-code solution for this problem
studentID <- getStudentID()

WHILE( not(studentID = 0) )

FOR(j from 1 to numberA)
total <- 0

numberA <- validate(numberA, 2, 6)

READ(numberA)
PRINT("Enter number of grades")

total <- total + grade
grade <- validate(grade, 0, 100)
READ(grade)
PRINT("Please enter grade")

studentID <- getStudentID()
PRINT(average)

PRINT(numberA)
PRINT(studentID)
average <- total/numberA
ENDFOR


ENDWHILE

We have encountered most of the constructs used in this pseudo-code solution before. The only exception is modules. Thus, before we give the C program corresponding to the above pseudo-code, we first briefly discuss how to deal with modules in C.

Modules and Functions

Earlier, we saw that modules might be included in a pseudo-code solution for two reasons. First, modules might be introduced when the same computation has to be done in more than one place. For example, in the above example there are two places where we want to get the student ID number from the user. Rather than specifying the code for getting a student ID number from the user twice, we introduced a module.

A second reason to introduce modules is to make the structure of the pseudo-code solution clearer. For example, rather than specifying a single large algorithm, one might wish to divide it up into smaller modules, each with a descriptive name, and to specify the modules separately. There are two advantages to this. First, cutting the algorithm up in smaller, more manageable chunks makes it easier to understand. Second, by dividing the specification of the algorithm up in modules, it becomes possible for several people to work on the same algorithm simultaneously. As long as the input and output to the module are clearly specified, and it is understood what the module is expected to do, then another programmer could work on this module.

Just as we can have modules in pseudo-code, we can have modules in C. In C parlance, modules are called functions. One needs to distinguish between three different aspects of a function, namely its declaration, its definition and its usage. The second and third aspects of a function are straightforward and are equivalent to the definition of a module in pseudo-code and its use in the main algorithm.

The declaration of a function is similar to the declaration of a variable. Recall that, before a variable can be used in a C program, it has to be declared. A variable declaration tells the compiler what the data type of a variable is. We saw that this was necessary for three reasons. First, knowing the type of a variable allowed the compiler to determine how much memory space to set aside for the variable. Second, it allowed the compiler to determine whether the program was assigning a legal value to a variable. Thirdly, it allowed the compiler to ensure that only legal operations were applied to a variable.

The declaration of a function tells the compiler the data types of the inputs to the functions, if any, and the types of the output, if any. The primary reasons for the compiler to have to know should be clear too. If the compiler knows the types of the input, it can determine whether the program passes legal values as input into the function. If it knows the type of the output, then it can tell whether the program performs legal operations on the output of a function, such as assigning it to an appropriate variable or applying appropriate operators to it.
A declaration of a function in C simply states the data types of the inputs the function can expect and the data type of the output. If the function does not have any inputs, the input declaration can simply be left blank or it can be declared to have an input of type void. If the function does not produce any output, then the output has to be declared to be of type void. The reader will have noticed that void is C’s way of specifying that a function does not have any input or output.

Given the above discussion, it should come as no surprise that the function declarations for the two modules that we have in our pseudo-code are

int getStudentID(void);
and
int validate(int, int, int);

After all, the input to the getStudentID module was specified to be none and the output a student ID number, which must be an integer. Similarly, we saw that the module validate took as input an option entered by the user, the lowest legal value and the highest legal value and returned as output a (valid) option. Again, all of these items must be integers.

See “Note1” if you want further details on functions declarations.

The C Program

The following shows how the pseudo-code of the third example is mapped into C:
/* The usual preliminaries */

#include <stdio.h>

/* The declarations of the functions */
int getStudentId(void);
int validate(int, int, int);

void main(void)
{

int stid;

stid = getStudentId();


{
while(stid != 0)

/* Declare variables needed in a block

at the beginning of the block */

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 coursework 

score\n");

scanf("%d", &scr);

printf("%d handed in %d pieces of
avg = sum/numberA;

}

sum += scr;

printf("Their average is 
coursework\n", stid, numberA);

%d\n", avg);


stid = getStudentId();

}
}

/* Definition of the modules */

int getStudentId(void)
{

int sid;


printf("Type in student id\t0 

to end\n");

scanf("%d", &sid);


return sid;
}

int validate(int o, int l, int h)
{

while(o < l || h < o)

{

printf("Invalid value\n");

printf("Value must be between

%d and %d\n", l, h);


printf("Please re-enter\n");


return(o);
}
scanf("%d", &o);

}

Even though this example is considerably more complicated than the first two examples, readers are again encouraged to see how closely the resulting C program mimics the pseudo-code solution developed earlier. The only addition to what we have seen before is the use of || in the WHILE loop in the function validate. As one might expect, || is C’s way of forming a disjunction of two tests. We will discuss this in detail in the next lesson.
** End of Lesson 3 **
