More on Pseudo-Code
In previous lessons we started looking at pseudo-code as a notation for specifying algorithms. However, we restricted ourselves to the fundamentals. In this topic, we will introduce some further elements of pseudo-code, namely modules, an alternative way to achieve repetition and indexed variables. As we shall see, each of them will either make life easier or allow one to specify a wider range of algorithms. 
When you complete this topic, you will be able to:
· describe the importance of using modules in a pseudo-code solution to a problem 

· use modules in their pseudo-code solutions 

· use recursion as well as iteration in specifying modules 

· describe the utility of indexed variables 

· use indexed variables in their pseudo-code solutions 

Lesson 1: Modules
Reusing Our Work

Sometimes, one finds that an algorithm is expected to do the same thing in different places. Consider for example the following problem statement:
You have been asked to write a computer program to calculate the average coursework grade for students, who have each handed in four pieces of coursework. One does not know in advance how many students there are, or how many coursework assignments a student has handed in. 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.
An initial high level specification of an algorithm might be something like:

{ Get student number }

WHILE( {Student number is legal} )

{ Get four coursework grades for student }

{ Calculate the average }

{ Print the student number and the average }

{ Get student number }

ENDWHILE

In the above example, we notice that we included the high level line
{ Get student number } 
twice. We could of course refine the statement in both places but this would clearly be a duplication of effort. Also, if we decided to change the way in which we get the student number, then we would have to make this change in two different places in the algorithm. The danger of having to make the same change in a number of places is that one may forget to make it in some of the places where the particular action is performed, thus leaving the algorithm in an inconsistent state.

To avoid the above, one includes so-called modules in pseudo-code. A module basically represents a single independent piece of computation, an independent algorithm if you like. A module consists of three components:

· Input: Information that must be supplied to the module from outside before the module can be run. If the module does not need any information from outside the module itself before the module is run, then the input is specified as none. 

· Process: A specification in pseudo-code stating what the module is supposed to achieve. 

· Output: the result of the processing performed in the module. The output is a value that can for example be assigned to a variable. If the module does not produce any value that can be used by that part of the algorithm that called the module, then the output is specified as none. If a module does return a value, then there must be an RETURN statement somewhere in the process part 

Using Modules

To illustrate, in the above example, we might include the following module:
Module:

Name:

getStudentNumber
Input:
None Output: studentNumber
Process:

PRINT("Please enter a
student number")
READ(studentNumber)
RETURN(studentNumber)

Most of the pseudo-code statements will be familiar to the reader. The only new addition is the RETURN statement. Basically, the RETURN statement states where the module produces output, if any, and which output.

To illustrate the use of input, consider a module that checks to see if the value that the user has input is valid. For example, one may wish to check whether the value the user entered falls between two values. One way of achieving this might be:

Module:

Name:

validate
Input:o, lo, hi

{Option to be tested, lowest and
highest legal value respectively }

Process:

{Use a while loop to trap any
additional error that the user
may make. Clearly, if the option
passed in the module was already
legal, then we never enter the
WHILE loop }

WHILE (o < lo or o > hi)

PRINT("Illegal value")
PRINT("Must be between")
PRINT(lo)
PRINT("and")
PRINT(hi)
READ(o)

ENDWHILE
RETURN(o)

Notice incidentally that the above module ensures that the output is always valid.

Identifying and specifying modules is not enough by itself. One must also include in the algorithm that one is developing calls to the modules. One does so by writing the name of the module and, between brackets, the inputs that the module requires. Thus, suppose that we want to use the module validate to determine whether a value val that the user has entered falls between 0 and 10, we would include the line 

validate(val, 0, 10)
in the main algorithm.

One typically uses an assignment statement to deal with outputs of modules. Thus, one might have a statement like:
studentNumber <- getStudentNumber()
to call the module getStudentNumber specified above and store its output in the variable studentNumber.
Modules have another advantage. The only reason we have given thus far for the introduction of modules in the pseudo-code is that they allow one to specify a piece of computation that has to be done in more than one place in the algorithm only once. However, modules can also be used to make structure of algorithm clearer. Whenever the algorithm has to do a logically separate piece of computation, one could introduce a module. For example, earlier we saw the following algorithm:

total <- 0

PRINT("How many marks do you

want to process?")

READ(numberMarks) 

FOR(j FROM 1 to numberMarks)

PRINT("Please enter a mark")

READ(mark)

total <- total + mark

ENDFOR

IF (numberMarks = 0)
THEN

PRINT("You have entered no marks")
PRINT("I therefore cannot give you")
PRINT("an average")

ELSE<-

average <- (total/numberMarks)
PRINT("The average is")
PRINT(average)

ENDIF

Clearly, the algorithm has four logically separate parts, namely asking the user how many marks they want to put in, getting that number of marks and totalling them, calculating the average and printing out the result. To make the structure of the algorithm a little clearer, we could have introduced a number of modules, corresponding to the different logical parts of the algorithm:
numberMarks <- getNumberMarks()

total <- getTotal(numberMarks)

average <- total/numberMarks

printOutResult(average)

Introducing modules in this way not only makes the structure of the algorithm clearer, it also allows one to divide the design of the algorithm between different designers. Having agreed between them on the modules, each programmer in the programmer team could be given the task to design one module. This is yet another application of the divide-and-conquer problem strategy. Most programs are too complex to be designed in the limited time that is available. The solution to the problem is to divide the program into smaller parts that can be independently designed by separate programmers, thus making it possible to design the entire programmer in less time at the expense of using more programmers.

Earlier we mentioned the existence of alternative notations to design algorithms. You are now ready to look at some alternative notations. If you are interested, see “note1”
** End of Lesson 1 **
