Some Worked Examples
We have now discussed the various elements of pseudo-code. In this topic, we illustrate the use of pseudo-code and, in particular, the use of top-down refinement as a way of designing algorithms. This module will not introduce any additional skills. It is merely intended to give you a deeper understanding of the issues discussed in topics 1 to 3 of this unit.
Example 1: Processing Grades
The Problem Specification

Consider the following problem statement
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.
A First High-Level Design

Top-down refinement means that we start with a very high level specification of the algorithm to solve the above problem. Since we do not know how many students there are beforehand, we use a WHILE loop. We will come out of the WHILE loop when the user enters a dummy student ID number, say 0.
{ Get the ID number of the first student }

WHILE( { the ID number is a real ID } )

{ Determine how many pieces of coursework
   the student has handed in }
{ Get that many course work grades }
{ Calculate the average }
{ Print out the student ID number,
  the number of course work grades, and
  the average }
{ Get the ID number of the next student }

ENDWHILE

Refining Our Design

First, we notice that the algorithm needs to do the same thing twice, namely get the ID number of the student. We therefore introduce a module to deal with this part of the algorithm. Again we design the process part of the module, using top down refinement:

Module

Name: getStudentID

Input: None

Process:

{ Prompt the user for a student
ID number but inform them that
0 is used to terminate processing }

READ(studentID)
RETURN(studentID)

Output: Student ID

We can now refine the process part of the module to

Process:

PRINT("Please enter a student ID")
PRINT("Use 0 to terminate processing")
READ(studentID)
RETURN(studentID)

We now refine the original algorithm to reflect this module:
sid <- getStudentID()

WHILE(sid != 0)

{ Determine how many pieces of coursework
the student has handed in }
{ Get that many course work grades }
{ Calculate the average }
{ Print out the student ID number,
   the number of course work grades, and
   the average }
sid <- getStudentID()
ENDWHILE

We now refine the algorithm again:

sid <- getStudentID()

WHILE(sid != 0)

{ Prompt the user to input number of
  coursework assignments handed in }
READ (numberA)
{ validate the value, i.e., make sure
  that it is between 2 and 6. }
{ initialize running total to 0 }


FOR(j from 1 to numberA)

{ Prompt user for coursework grade }
READ(grade)
{ validate the grade, i.e. make sure
   that it is between 0 and 100 }
{ add grade to running total }

ENDFOR

{ Calculate the average by dividing
running total by numberA }
PRINT(studentID)
PRINT(number)
PRINT(average)
sid <- getStudentID()

ENDWHILE

Again, we notice that we need to do the same thing essentially twice, namely validating a value entered by the user, i.e. making sure that it is between two known values. We therefore introduce another module:
Module:

Name: validate

Input: val, lo, hi
  { Actual value and lowest and
  highest possible value }

Process:

WHILE (lo < val or val > hi)

PRINT("Invalid value")
PRINT("Value must be between")
PRINT(hi)
PRINT("and")
PRINT(lo)
PRINT("Please re-enter")
READ(val)

ENDWHILE

RETURN(val)

Output: value (a legal value)

Again, we refine the algorithm to reflect this module

sid <- getStudentID()

WHILE(sid != 0)

PRINT("Enter number of grades")
READ(numberA)
numberA <- validate(numberA, 2, 6)

total <- 0

FOR(j from 1 to numberA)

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

ENDFOR

average <- total/numberA
PRINT(sid)
PRINT(numberA)
PRINT(average)

sid <- getStudentID()

ENDWHILE

We now have a fully specified algorithm to solve the task we were asked to solve.

Further Refining Our Design

There is a further refinement that we could make to this algorithm. One could argue that the algorithm still does basically the same thing in two places, even though we have not introduced a single module. Consider the following parts of the above algorithm

PRINT("Enter number of grades")
READ(numberA)
numberA <- validate(numberA, 2, 6)
and
PRINT("Please enter grade")
READ(grade)
grade <- validate(grade, 0, 100)

One could argue that, at a relatively high level of abstraction, these two pieces of specification do exactly the same thing: They get some input from the user and validate it. One therefore might wish to consider introducing a module getAndValidate. This particular module would have to take as input the string that tells the user what type of input he or she is expected to read in, as well as the lowest legal value and the highest legal value. One could specify it as follows

Module:

Name: getAndValidate

Input: prompt

lo
hi
{ A string to tell the user what
he or she is expected to input,
and the lowest and highest legal
value }


Process:

PRINT(String)
PRINT("Value must be between")
PRINT(lo)
PRINT("and")
PRINT(hi)
READ(userInput)
userInput <-
        validate(userInput, lo, hi)
RETURN(userInput)


Output: a value obtained from the user

The top-level algorithm could now be rewritten as:

sid <- getStudentID()
WHILE(sid != 0)

numberA <-

getAndValidate("Enter number of

grades", 2, 6)


total <- 0


FOR(j from 1 to numberA)

grade <-

   getAndValidate("Please enter

      grade", 0, 100)

total <- total + grade

ENDFOR

average <- total/numberA
PRINT(sid)
PRINT(numberA)
PRINT(average)

sid <- getStudentID()

ENDWHILE

There are two lessons to be learned from this latter modification of the algorithm. The first lesson is very simple: In the specification of a module, one is free to use whatever other modules have already been defined. Thus, in our specification of getAndValidate, we used the specification of validate, which we had specified earlier.

Second, it is not always clear what exactly should constitute a module. A module should always incorporate a single discrete piece of computation. Remember that one of the reasons for introducing modules is that it allows one to divide the task of specifying an algorithm up into separate tasks. Clearly, this division of labor was only likely to work if the division was rational in the sense that each task was largely independent of the other tasks. One way of achieving this is to make sure that each module performs a single logically independent task. Notice also that such modules are far more likely to achieve another advantage that we mentioned when we discussed modules, namely the re-use of specifications.

However, as the above example shows, the requirement that each module incorporate a single discrete piece of computation is necessary for good design but it is not sufficient. In other words, although a module in any good design will always meet the requirement that it incorporate a single piece of computation, most problems allow one to identify modules meeting this requirement in completely different ways. The example we just discussed provides a good illustration of this point.

** End of Example 1 **
