
8 Programs and data 

rjh429
Text Box
Level 3 accessible pdf fileThis pdf file has been produced by The Open University as part of its work to make course material as accessible as possible within the terms of the Special Educational Needs and Disability Act 2001 (SENDA). The file can be used in conjunction with the Windows Accessibility Control Panel to alter keyboard, sound, display and mouse options. The display options alter the size and colour of the window components of the file. The size, sharpness and rotation of the text can be altered using either Acrobat Reader or Acrobat eBook Reader software. The file is searchable using the Find command and text in the file can be copied and pasted into other text processing software. The file can also be used with screen reader software although the University can make no commitment that the file will be screen readable by every combination of Windows operating system and different versions of different screen reading software.



Copyright ª 

1.1 

This publication forms part of an Open University course M150 Data, Computing 
and Information. Details of this and other Open University courses can be 
obtained from the Course Information and Advice Centre, PO Box 724, The Open 
University, Milton Keynes MK7 6ZS, United Kingdom: tel. +44 (0)1908 653231, 
e-mail general-enquiries@open.ac.uk 

Alternatively, you may visit the Open University website at http:// 
www.open.ac.uk where you can learn more about the wide range of courses and 
packs offered at all levels by The Open University. 

To purchase a selection of Open University course materials visit the webshop at 
www.ouw.co.uk, or contact Open University Worldwide, Michael Young Building, 
Walton Hall, Milton Keynes MK7 6AA, United Kingdom for a brochure. tel. +44 
(0)1908 858785; fax +44 (0)1908 858787; e-mail ouwenq@open.ac.uk 

The Open University, Walton Hall, Milton Keynes, MK7 6AA 

First published 2004 

2004 The Open University 

All rights reserved. No part of this publication may be reproduced, stored in a 
retrieval system, transmitted or utilized in any form or by any means, electronic, 
mechanical, photocopying, recording or otherwise, without written permission 
from the publisher or a licence from the Copyright Licensing Agency Ltd. Details 
of such licences (for reprographic reproduction) may be obtained from the 
Copyright Licensing Agency Ltd of 90 Tottenham Court Road, London W1T 4LP. 

Edited, designed and typeset by The Open University. 

Printed in the United Kingdom by The Alden Group, Oxford. 

ISBN 0 7492 5765 2 

182390B/m150b2u8i1.1 



CONTENTS 
1 

2 

3 

Introduction ...................................................... 5


Arrays ............................................................... 6


2.1 Structured data	 6


2.2 What is an array?	 6

The JavaScript Array object 7


2.3 Declaration and initialisation of arrays	 7


2.4 Accessing individual array elements	 9


2.5 Array length	 10


2.6 Processing the elements of an array using a for loop 12

Outputting all the elements of an array 12


Planning the steps in a programming task 12


Carrying out transformations on each element 13


Summing the values in a numeric array 15


Entering data values into an array 18


Finding the maximum value in an array 21


Improving the information in the output 23


2.7 Using parallel arrays	 25


2.8 Managing the precision of numeric output	 27


2.9 Summary	 29


Functions........................................................ 30


3.1 Dealing with subtasks in programs	 30


3.2 Using functions in JavaScript	 30


3.3 Writing functions in JavaScript	 32


3.4 Functions with arguments	 34


3.5 Functions which return a value	 36


3.6 A function to tidy up the numeric output	 38


3.7 Functions with more than one argument	 40


3.8 Code reuse	 46


3.9 Hints for writing functions	 47


3.10 Summary	 48


3 



Unit 8 Programs and data 

4 

5 

6 

Events and event handlers ........................... 49


4.1 Graphical user interfaces	 49


4.2 Events	 51


4.3 Adding GUI components to programs	 51

Adding a text box to the form 55


4.4 Using functions as event handlers	 58


4.5 Adding user input to a GUI	 60


4.6 A units conversion program	 63


4.7 Summary	 66


Strings ............................................................ 67


5.1 String processing	 67


5.2 Some character-processing functions	 68

Testing whether a character is a digit 69


Testing whether a character is alphabetic 70


Testing whether a character is alphanumeric 70


5.3 A password-checking program	 71


5.4 Summary	 77


Unit summary................................................. 78


6.1 Learning outcomes	 78

Key terms 80


This unit was prepared for the course team by Stanley Oldfield.


4 



Introduction 

1 Introduction 

In Unit 7 you were introduced to the basic elements of JavaScript; you 
learned to store, retrieve, and manipulate simple data items such as 
numbers, strings and Boolean values, and to carry out simple operations on 
this data, using the basic control structures of sequence, repetition and 
selection. 

In real life, data for and from programs often comes in collections which are 
related to each other in some way. In this unit, we move from the 
manipulation of single-valued data to the use of an array as a simple 
example of a data structure. Such data structures allow us to handle 
collections of related data, e.g. rainfall figures for each month of a given 
year, as a single named entity. We also look in more detail at how to 
manipulate individual characters in strings, which in many ways are similar 
to arrays. 

In real life, programs are often very large and have many separate subtasks 
to perform. This unit starts to look at the ways in which we can write 
separate pieces of code, known as functions, to handle each of these 
subtasks. You will see how these functions can then be combined or reused, 
as and when required, to create an overall program to carry out a particular 
task. 

Finally, in real life people prefer to interact with the computer through 
interfaces which are easy to use and easy to understand. This unit looks at 
simple ways of creating programs which respond to user-generated events 
such as mouse clicks, and at how JavaScript enables the programmer to 
provide graphical user interface (GUI) elements for data input and output. 

There are a lot of new concepts and terms in this unit. However, most of the 
programming activity that you will undertake on your own requires you to 
make relatively minor modifications to the code of programs that you have 
already looked at. In studying the unit, you will need to access files 
provided on the Block 2 CD-ROM, which you should already have installed 
on your computer. You may also find it useful to refer to the Block 2 
Software Guide. 

While we do not intend to turn you into a computer programmer, we want to 
show you some of the features of modern programming languages so that 
you can appreciate the power of what can be achieved using them. Part of 
the art of programming lies in recognising that, although tasks are all 
different, each new task usually has features that you have met before, and 
for which you have already successfully devised a solution. Recognising and 
reusing patterns in the structure and the processing of data is at the heart 
of programming. 
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2 Arrays 

This section aims to:


n introduce you to the array as an example of a data structure for 
handling collections of related data; 

n introduce Array objects as the way in which JavaScript provides us with 
methods for manipulating arrays of data; 

n illustrate the use of arrays by writing code to implement some of the 
standard patterns of activity associated with array data; 

n emphasise the use of the for loop to carry out repetitive processes on 
data stored in arrays. 

2.1 Structured data


There are many situations where we want to deal with a collection of data 
values that are related to each other in some way. For example, we may 
have data on the total rainfall (recorded in millimetres) in our local area for 
each month of a given year, or we might have the titles of all the tracks on 
our favourite CD. In processing such collections of data values, we will often 
want to treat each value in a collection in a similar way, so we need a 
mechanism for showing that they are related and, equally importantly, how 
they are related. In such situations we talk about structured data. 

2.2 What is an array?


Collections of data values come in many different patterns. The pattern that 
we are going to look at more closely is a collection consisting of a list of 
data values that are all of the same type, e.g. all numeric values or all string 
values, and where the important relationship between the values is their 
relative position in the list. What determines the position in the rainfall 
example is the relevant month of the year, whereas in the CD example it is 
the particular track on which the named piece of music is recorded. 

In most programming languages the name given to such a data structure 
is an array, and we talk about each data value as an element of the array. 
The position of an element in the array is then given by an index 
(sometimes referred to as a subscript). It is usually helpful to have a 
mental picture of a data structure to work with and Figure 2.1 shows an 
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array of five elements, each of which is a number, with the associated index 
values, running from 0 to 4. 

as 
indexing. 

As with strings, the 
index values of arrays 
in JavaScript are 
numbered from 0 
rather than from 1. 
This feature is known 

zero-based 

index values 

0 

array elements 

myArray 
1 

1 5 
2 0 
3 7 
4 2 

Figure 2.1 myArray showing name, index and elements 

An array variable needs a name to identify it, e.g. myArray in Figure 2.1. 
The way that JavaScript (and most other programming languages) accesses 
the individual elements of an array is by using square brackets, so that 
myArray [3] is the fourth element in the array and has the value 7. 

SAQ 2.1 
(a) What is the value of the element in the second position in the 

array in Figure 2.1? 

(b) What is the position of the element in the array whose value 
is 2? What is its index? 

Answer to SAQ 2.1 3 

(a) The second element is myArray [1] (remember that the first element is 
myArray [0]) and has the value 5. 

(b) The value 2 is in the fifth position, and its index is 4. 

The JavaScript Array object 
In JavaScript, array data structures are represented and manipulated using 
the built-in Array object. This provides everything you will need in order to 
write programs which handle array data – and more. Although JavaScript 
has an exceptionally large set of features for processing arrays you will be 
using very few of them in M150, as our aim is simply to ensure that you 
understand the basic notation and ideas needed for standard array 
manipulation. 

2.3 Declaration and initialisation of 
arrays 

In a JavaScript array, when you know the exact number of elements and 
their values, e.g. when there are 12 separate monthly rainfall figures for a 
given year, the simplest way to declare the array is as follows. 

var rainArray = [111,115,200,95,23,59,68,33,39,144,66,37] 

We have given the array the variable name rainArray and have included the 
list of monthly rainfall data values in millimetres (mm) as successive 
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size 12 declared with 
uninitialised 
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elements, in a comma-separated list enclosed by square brackets. In fact, by 
providing a list of values, we have initialised as well as declared our array. 
The JavaScript interpreter recognises this as an array declaration because 
the data is enclosed in square brackets. The first value represents January 
rainfall, the second February, and so on (though JavaScript has no way of 
knowing this!). Figure 2.2 shows the state of the array after this declaration. 

If you know the number of elements in an array, but expect the actual 
values to be provided later, during the execution of the program, then you 
can simply reserve memory for the array, as follows. 

var	 rainArray = new Array(12) 

The JavaScript reserved word new is used to create a new Array object and 
this statement will set up the array and provide enough memory for the 12 
elements that are to be stored in it. 

Since we have not yet provided any values for the array elements, they 
have the special default value of undefined, and it would be wrong to try to 
retrieve or manipulate what is stored in these memory locations before 
values have been assigned to them. Figure 2.3 shows the array where 
question marks denote the value undefined. 

All our array examples so far have contained numbers as elements. As a 
final example we consider the declaration of an array containing strings as 
elements. As always, the strings are enclosed in single quotes so that the 
interpreter can distinguish them from variable names. 

var weekdayArray = ['Sunday','Monday','Tuesday','Wednesday', 
'Thursday','Friday','Saturday'] 

SAQ 2.2 
(a) Write down a JavaScript statement to declare an array which 

could be used to hold the values of four TMA marks for a course. 

(b) The percentage marks gained by a student for the five TMAs on 
a previous course were 83, 79, 90, 81 and 75. Write down a 
JavaScript statement to declare and initialise an array holding 
these values, in the order given. 

(c)	 Write down a JavaScript declaration to create and initialise an 
array to hold the names of the four seasons of the year. 

In all three cases you will need to think of suitable names for the 
array variables. 

Answer to SAQ 2.2 3 

(a) var myMarkArray = new Array(4) 

(b) var previousMarkArray = [83,79,90,81,75] 

(c) var seasonArray = ['Spring','Summer','Autumn','Winter'] 

The names of your arrays may differ from ours, but you should have chosen 
names that are meaningful in the context of the data they contain. 
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2.4 
elements 

Arrays 

Accessing individual array 

Having set up an array you need to be able to initialise or modify the values 
of its elements and to read in and write out these values. You can do this 
using the square bracket notation for arrays. For example, if you received a 
mark of 95 for the second TMA of this course then you could record that in 
myM150MarkArray, using the following assignment statement. 

myM150MarkArray [1] = 95 

To retrieve and use the current values of elements already present in our 
arrays you can use statements such as 

februaryRain = rainArray [1] 

and 

previousTMA01Mark = previousMarkArray [0]. 

To write the current value of an array element directly to the document in 
the browser window you can write statements like 

document.write('My mark for TMA02 was ' + myM150MarkArray [1]) 

element. 

You will recall that we 
start counting from 0 
to determine the 
index for the required 

0 

1 95 

2myM150MarkArray[1] = 95 

myM150MarkArray 

Figure 2.4 myM150MarkArray showing the assignment of a value to an array 
element 

SAQ 2.3 
(a) Write a JavaScript statement that assigns the July value from 

the array holding the rainfall data to a variable named julyRain. 

(b) Write a JavaScript statement that records a mark of 92 for the 
first TMA of your M150 course in myM150MarkArray. 

(c)	 How would you access the name of the first day of the week 
from weekdayArray as declared in Subsection 2.3? 

Answer to SAQ 2.3 3 

(a) julyRain = rainArray [6] 

(b) myM150Array [0] = 92 

(c) The first day of the week could be accessed as weekdayArray [0] (which 
would have the value 'Sunday'). 
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2.5 Array length 
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As with the String objects discussed in Unit 7, JavaScript Array objects 
have a length property, which indicates the number of elements in the 
array. To find the length of an array named myArray, for example, we use 
myArray.length. It is important to remember that the length of an array is 
one greater than the index value of its last element so that, for example, 
weekdayArray.length has the value 7, but the last day of the week is 
weekdayArray [6]. More generally, the last element in an array called 
someArray can be accessed as someArray [someArray.length – 1]. 

0 'Sunday' 

1 

2 

3 

4 

5 

6 

'Monday' 

'Tuesday' 

'Wednesday' 

'Thursday' 

'Friday' 

'Saturday' 

weekdayArray 

weekdayArray.length is 7 

is 'Saturday'weekdayArray[weekdayArray.length – 1] 

Figure 2.5 weekdayArray showing array length, and access to last element 

It is now time to look at some simple code which uses the new ideas 
introduced so far in this section. 

ACTIVITY 2.1 

Open the file Program_8.2.1 in Notepad. Read through it carefully 
and write down the output that you would expect from running the 
program. Then run the program and compare your expected output 
with the results displayed. If you don’t get it right, have another 
look at the program and see if you can work out why. 

Discussion 

Here are some of the things you might have noticed. 

The length of an array is not affected by the fact that some of its elements 
may not have been defined. For example, the ‘empty’ array secondArray 
has length 12, even though none of its elements have been defined. 

If an element in an array has not been defined, it will have a special value 
called undefined. The JavaScript interpreter will also report the value of a 
non-existent element, outside the bounds of the array, as having the special 
value undefined (e.g. trying to access the sixth position in firstArray). 

When displaying an element of an array using document write(), any  
element which has the default value undefined will be converted to the string 
'undefined' for display purposes. If document.write() is used to display the 
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entire contents of an array, any undefined elements are not displayed. 
However, a comma is still displayed to separate each element whether or 
not it is undefined. 

EXERCISE 2.1 

The comments for each of the following fragments of JavaScript 
code specify what the code should do, but there is at least one error 
in the code. Write down the correct code in each case. 

(a)	 /* declares an array called myArray with 15 elements */ 

var myArray = array(15); 

(b)	 /* write out the first element in the array myArray */ 

document.write('first element is ' + myArray [1]) 

(c)	 /* write out the length of the array myArray */ 

document.write('length of myArray is ' + myArray.size) 

(d)	 /* write out the last element in the array myArray */ 

document.write('last element in myArray is ' 
+ myArray [myArray.length]) 

Discussion 

(a)	 /* declares an array called myArray with 15 elements */ 

var myArray = new Array [15]; 

There were three errors here:


n the keyword new is needed;


n JavaScript is case sensitive and object types in JavaScript start with

upper-case letters; 

n square brackets are needed to declare an array in this way. 

(b)	 /* write out the first element in the array myArray */ 

document.write('first element is ' + myArray [0]) 

Remember array indexes in JavaScript are zero based. 

(c)	 /* write out the length of the array myArray */ 

document.write('length of myArray is ' + myArray.length) 

The Array property which gives the length of an array is called length 
not size. 

(d)	 /* write out the last element in the array myArray */ 

document.write('last element in myArray is ' 
+ myArray [myArray.length – 1]) 

As array elements are indexed from zero, the last element has an index 
which is one less than the length of the array. 
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2.6 Processing the elements of an 
array using a for loop 

length 
You can use the 

property to 
find the number of 
elements in an array. 

Structured English is 
sometimes known as 
pseudo code as its 
keywords and layout 
resemble those of 
program code. 

In Unit 7 you learned about the for loop control structure for handling 
repeated actions when you know how many data items need to be 
processed. We often want to apply essentially the same operation to every 
element of an array, such as entering data values, transforming data values 
or outputting data values. By taking advantage of the length property, a 
for loop can be used to iterate through the elements of an array. We now 
look at some common activities carried out on array data structures. 

Outputting all the elements of an array 
A common requirement is to produce a list of the values of the elements in 
an array. You might want to write out all the monthly rainfall figures in the 
rainfall array, starting from the element with index 0 through to the element 
with index 11, giving 12 elements in all. 

Planning the steps in a programming task 
An algorithm is a clearly specified set of instructions to be followed in order 
to carry out a task or obtain a solution to a problem. This generally consists 
of a number of activities to be undertaken, with appropriate sequence, 
selection and repetition. It is useful to have a way of representing the 
algorithm for a programming task that is independent of the language in 
which the program will be written. One approach is to use flowcharts, which 
are diagrams similar to those used in Units 6 and 7 to illustrate looping and 
conditional structures. Another, which we use here, is to write instructions in 
a restricted subset of English, together with keywords similar to those found 
in programming languages. The layout of the text also gives some visual 
indication of its structure. Instructions written in this way are known as 
structured English. 

We can use structured English to express the steps in writing out the rainfall 
figures as follows. 

for each month of the year 

write out the rainfall figure for that month 

end for 

Note the use of the word ‘for’ to indicate the need for repetition, the 
indentation of the write statement, and the explicit closure of the loop by 
the words ‘end for’. 

In order to translate this into a JavaScript for loop structure we need to 

n declare a variable, such as month, as a loop counter; 

n specify a starting value for month, in this case 0 to start at the first 
element of the array; 
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n	 formulate the condition for iterating round the loop. Given that counting 
starts at 0, this will be month < rainArray.length. 

n	 finally, state the rule for incrementing the loop counter. Since we 
want every value to be output, month = month + 1. 

Putting these together gives the following JavaScript code. 

for (var month = 0; month < rainArray.length; month = month + 1) 
{ 

document.write(rainArray [month] + '<BR>') 
} 

ACTIVITY 2.2 

The file Program_8.2.2 contains the full working code for outputting 
the elements of rainArray. Open the file in Notepad and read the 
code carefully. Look at the data values in the array, and decide what 
you expect the output to be. Then run the program to check 
whether the actual output is what you expected. If it is not, go back 
to the code and try to find out why. 

Discussion 

You should have found this code quite straightforward, but it’s always a 
good idea to run code that you think you understand, just to make sure that 
it behaves as you expect. We do not look in any detail at testing code in this 
unit but you met some ideas about testing in Unit 7, and it will be discussed 
in more depth in Unit 10. 

The <BR> tag is 
needed to produce a 
new line. 

Carrying out transformations on each element 
Suppose the rainfall data is required in inches as well as in millimetres. The 
constant to convert millimetres to inches is 0.03937, so each data value 
needs to be multiplied by 0.03937. We can use a for loop to carry out this 
activity, converting each value in turn. An additional Array variable, say 
inchRainArray, is needed to store the converted values. In structured 
English we could write the task as follows. 

for each month of the year 

set rainfall in inches to rainfall in mm * 0.03937 and store it in 
the equivalent position in inchRainArray 

end for 

This can be translated directly into JavaScript, as follows. 

for (var month = 0; month < rainArray.length; month = month + 1) 
{ 

inchRainArray [month] = rainArray [month] * 0.03937 
} 

Figure 2.6 shows what happens. 

13 



Unit 8 Programs and data 

inchRainArray 

* 0.03937 

0 111 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

rainArray 

11 

115 

200 

95 

23 

59 

68 

33 

39 

144 

66 

37 

0 4.37007 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

4.52755 

7.87400 

3.74015 

0.90551 

2.32283 

2.67716 

1.29921 

1.53543 

5.66928 

2.59842 

1.45667 

Figure 2.6 Mapping of values from rainArray to inchRainArray for equivalent 
months 

EXERCISE 2.2 

(a) Write a JavaScript declaration for inchRainArray, the array 
which holds the converted values. 

(b) Why might you want to store the converted values as well as 
the originals? 

(c)	 Write a JavaScript statement to display the values in 
inchRainArray, each on a new line. 

Hint You may find it helpful to look at the way the values in 
rainArray were displayed earlier in this subsection. 

Discussion 

(a)	 var inchRainArray = new Array(12) 

The new array inchRainArray contains exactly 12 elements. 

More generally, if you knew that you wanted an array of the same 
length as rainArray, but didn’t know what that length was, you could 
use the length property as follows. 

var	 inchRainArray = new Array(rainArray.length) 

(b)	 Both sets of data might be needed later in the program. For example, 
you might want to print out the two sets of values in columns, or do 
some further calculations on the converted values without having to 
recalculate them. 

(c)	 for (var month = 0; month < inchRainArray.length; month = 
month + 1) 
{ 

document.write(inchRainArray [month] + '<BR>') 
} 
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Here we have reused the pattern of code developed earlier in the 
subsection to write out the values of the elements in the new array, just 
changing the array’s name from rainArray to inchRainArray in that 
code. 

ACTIVITY 2.3 

The file Program_8.2.3 contains the code for converting the data in 
rainArray from millimetres to inches, storing it in inchRainArray and 
then displaying the contents of the new array. Open the file in 
Notepad and read the code carefully. Work out a few of the 
calculations from millimetres to inches by hand or calculator. Then 
run the program to see whether it produces the expected output. 

Discussion 

This program is a little more complex than the one you studied in 
Activity 2.2. Note in particular the declaration of the array called 
inchRainArray and the use of the loop control variable, month, to access the 
values at the same position in both arrays. 

Once a collection of data values have been entered into an array, there are 
many ways that they could be processed, such as the following. 

n Carrying out a simple, identical transformation on each element (e.g. 
as in the conversion of mm to inches). Transformation is the process of 
manipulating one piece of data so as to produce another, e.g. 
performing a calculation on a number or changing the characters in a 
string, say from upper to lower case. 

n Finding the total value of all the numeric elements in an array or 
identifying the largest or smallest element. 

n Finding out whether a particular value is currently stored as an element 
of the array and, if so, in what position(s) in the array it is stored. 

n Sorting the elements in an array according to some rule, e.g. in 
increasing order of size if the elements are numeric or in alphabetical 
order if the elements are text strings. 

We now look at a few of these array processing activities. 

Summing the values in a numeric array 
Given the array of rainfall values for each month of the year, we may be 
interested in knowing the annual rainfall for the year. This involves adding 
up all the values that are stored in the array and keeping track of the 
running total. You saw a similar example of finding the total of a series of 
data values in Unit 7, though in that example the values were entered, one 
at a time, by the user. You will recall that the variable used to store the 
total, which we will call annualRainfall, needs to be initialised (to 0) before 
the process of adding can be started. The value of each element of the array 
then needs to be added to the total, annualRainfall. As all the elements of 
the array need to be processed and the array’s size is known, a for loop can 

Some of the numbers 
may look a little odd, 
i.e. there may be 
more digits to the 
right-hand side of the 
decimal point than 
you might have 
expected. This is 
caused by the way 
JavaScript translates 
real numbers into 
binary and back. 
It is a common 
computing problem 
to be aware of. 
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handle the repetition involved. Finally, the value of annualRainfall can be 
displayed. 

A structured English statement of the activities that the program has to 
carry out, assuming that the data is already stored in the array, is given 
below. 

initialise the rainfall total to zero


for each month of the year


add the rainfall for that month to the current rainfall total


end for


write out the final rainfall total


This can be translated directly into JavaScript, as follows. 

annualRainfall = 0;

for (var month = 0; month < rainArray.length; month = month + 1)

{


annualRainfall = annualRainfall + rainArray [month] 
}; 
document.write ('Annual rainfall = ' + annualRainfall + ' mm') 

426 

426 + 95 = 521 

521 

0 111 
1 
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10 

rainArray 

11 

115 
200 
95 
23 
59 
68 
33 
39 
144 
66 
37 

month 

3 

annualRainfall (before) 

annualRainfall (after) 

Figure 2.7 rainArray showing how the total is increased while iterating through the 
for loop 

SAQ 2.4 
(a) Write down the JavaScript declaration for the variable to hold 

the running total. 

(b) Where would you put this declaration? 

Answer to SAQ 2.4 3 

(a) The declaration is var annualRainfall. 

(b) It should go, together with the array declaration and any other variable 
declarations, at the beginning of the program. 
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ACTIVITY 2.4 

(a) The file Program_8.2.4(a) contains the code for working out the 
annual rainfall, as described above. Open the file in Notepad 
and read the code carefully. Calculate the total rainfall either by 
hand or by using a calculator and make a note of your total. 
Then run the program to check whether you and the program 
agree! 

(b) Now run Program_8.2.4(b), which is supposed to do the same 
thing as Program_8.2.4(a). Observe the output, which will 
indicate that there’s something wrong with the code. Open the 
file Program_8.2.4(b) and see if you can identify the problem. 

(c) Suppose that we now require the total summer rainfall, i.e. the 
rainfall for the months of June, July and August. The file 
Activity_8.2.4 contains a copy of Program_8.2.4(a). Open this 
file in Notepad and modify the code so that the program 
calculates and writes out the total rainfall for the months of 
June, July and August. You will need to think carefully about 
the starting value and stopping condition for the for loop. Run 
the program to check that it calculates and outputs the correct 
value. 

Discussion 

(a)	 This has some similarities to the program you completed in Activity 5.6 
of Unit 7. In this case though, the numbers are stored in the array, 
rather than being entered from the keyboard as in the earlier activity. 

(b)	 You may have spotted that although the variable annualRainfall was 
correctly declared in Program_8.2.4(b), it had not been initialised. 
When an attempt is made to add numbers to this undefined quantity 
the system reports that it is not a number (NaN). Not initialising 
variables appropriately is a common source of errors in programming, 
and often leads to unexpected results. Although some languages use 
default values when variables are not initialised by the programmer, it 
is always safer to make the initial values explicit in your code. 

(c)	 The changes required are as follows. 

n Choose a suitable name for the variable which will hold the total, 
e.g. summerRainfall, or  totalSummerRainfall (remember to 
initalise this to 0). 

n	 Modify the for loop control statement as follows.

for (var month = 5; month <= 7; month = month + 1)


n	 There are two changes here: to the starting value of the loop 
counter and to the condition. As you learned in Unit 7, a for loop 
can be used for any numeric range. It doesn’t have to start from 0 
or 1. In this case we want the rainfall for the months of June, July 
and August, i.e. the rainfall stored at indexes 5, 6 and 7 (remember 
that January rainfall is stored at index 0). An alternative condition 
which would work correctly is month < 8, but we think our solution is 
more intuitive. 
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n	 Replace the variable name in the body of the for loop and in the 
output statement by whatever you chose as the new variable for the 
total. 

You will find our working program as Solution_8.2.4. 

Entering data values into an array 
In Subsection 2.4 you saw that if all the data values are known in advance 
then the array can be declared and its contents initialised to that particular 
set of values. For convenience, all our examples so far have done this, using 
one particular set of rainfall data. However the great benefit of writing 
programs to run on a computer is the flexibility that this gives us for 
carrying out the same set of operations on different sets of data values. 

In the real world, we often want users to enter their own collections of data 
from the keyboard, and there are two simple input patterns that we can 
consider at this point. 

n	 The program may require a fixed number of data values to be 
processed, as in the rainfall example where there will always be 12 
values. 

n	 The number of data values may not be known in advance, e.g. in a 
program to process the exam marks for a class of students, the number 
of students may vary from year to year. 

Using the rainfall example to illustrate the first of these situations, where 
the number of input data values is fixed by the program, the algorithm is as 
follows. 

for each month of the year 

prompt for the rainfall figure for that month 
and put it into the correct position in the array 

end for 

Translating this into code and using window.prompt()to allow the user to 
enter their data gives the following code. 

var rainArray = new Array(12);

for (var month = 0; month < rainArray.length; month = month + 1)

{


rainArray [month] = window.prompt('Enter rainfall value','') 
} 

When this code is executed, each data value returned by the prompt 
dialogue box will be placed in the array position indexed by the current 
value of month. Since  rainArray.length evaluates to 12, the  for loop will 
terminate after 12 data values have been read in (one for each of the values 
of month from 0 to 11, inclusive). 

using . 

Before using the 
values in calculations, 
they would need to be 
converted to numbers 

parseFloat()
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Using the exam marks example to illustrate the second situation, we begin 
by prompting the user to enter the expected number of values before 
entering them. The structured English version could be written: 

prompt user for number of students 

for each student up to the specified number 

prompt for the student mark 
and put it into the correct position in the array 

end for 

We need to declare a variable to hold the number of students to be entered, 
say numberOfStudents, and a variable to hold the array, say markArray. We  
can translate this into JavaScript as follows. 

var numberOfStudents; 
var markArray; 
numberOfStudents = 

parseFloat(window.prompt('How many students do you have?', '')) 

Note the way in which we have combined the use of the prompt method and 
the parseFloat() function in a single statement here. JavaScript would first 
evaluate the argument to parseFloat() (i.e. the window.prompt() 
statement) and then the call to parseFloat() itself. An alternative would 
have been two separate statements as follows: 

numberOfStudents = 
window.prompt('How many students do you have?', ''); 

numberOfStudents = parseFloat(numberOfStudents) 

Now we know the number of students, we can create a suitably sized array 
and assign it to markArray. 

markArray = new Array(numberOfStudents); 

A for loop can now be used to prompt the user to enter the marks as 
follows. 

for (var student = 0; student < numberOfStudents; 
student = student + 1) 

{ 
markArray[student] = window.prompt('Enter student mark', '') 

} 

When you put all the code together it looks like the following. 

var numberOfStudents; 
var markArray; 
numberOfStudents 

= parseFloat(window.prompt('How many students do you have?', '')) 
markArray = new Array(numberOfStudents); 
for (var student = 0; student < numberOfStudents; 

student = student + 1) 
{ 

markArray[student] = window.prompt('Enter student mark', '') 
} 

19 



Unit 8 Programs and data 

ACTIVITY 2.5 

(a) Program_8.2.5(a) and Program_8.2.5(b) contain code 
illustrating the two approaches to reading data into an array. 
Look at the code in these files now, and then run each one once 
or twice with different data values to see how they behave. 

(b) From a user viewpoint, these programs are less than 
satisfactory because the output gives no indication of how far 
the input process has progressed at any point. It would be very 
easy to forget which rainfall figure or mark you had last 
entered! The file Activity_8.2.5 contains a copy of 
Program_8.2.5(a). Open the file in Notepad and modify the line 
of code inside the for loop so that the instruction displayed in 
the prompt box asks for the month, e.g. for April, the text 
will be: 

Enter rainfall value for month 4 

Hint Remember that the rainfall for April will be stored at

index 3 of the array!


Run your program to check that it works correctly. 

Discussion 

(a)	 You should by now be familiar with the use of for loops and the length 
property for processing arrays and you should be able to see how the 
code does its job. 

(b)	 This was bit tricky, so don’t worry if you didn’t get it quite right! The 
statement needed to produce the specified output is: 
rainArray [month] = window.prompt ('Enter rainfall value for month ' 

+ (month + 1),'') 

n	 The first point to note is that in order to achieve the specified output 
you needed to add 1 to the value of month in the prompt statement. 
That is, in order to get the rainfall to be stored at index 3 (which is 
the fourth index in the array), you would need a prompt asking the 
user to input the rainfall for month 4. 

n	 If you omitted the parentheses around month + 1, as in the following 
code: 
rainArray [month] = window.prompt ('Enter rainfall value for month ' 

+ month + 1, '') 

JavaScript would have interpreted the second + as the string 
concatenation operator. So, for example, if month had the value 3, the 
prompt would have been displayed as: 

Enter your rainfall for month 31 

which is the concatenation of the string 'Enter rainfall value for 
month', the value of month (which is currently 3) and the string '1'. 

As mentioned in earlier examples, code in parentheses is evaluated 
before the code in which it is nested. 

Our working code is available as Solution_8.2.5. 
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Finding the maximum value in an array 
A common statistic provided in weather reports is the maximum daily or 
monthly rainfall during an extended period and the date or month in which it 
occurred. Suppose we want a program to find the largest amount of rainfall 
that was recorded in any month of a given year. Starting with the first 
element, it would need to iterate over the array, keeping a note of the 
maximum value encountered so far. When the rainfall for a month is greater 
than the current maximum value, that month’s value becomes the new 
maximum value. When all the values in the array have been examined, the 
final maximum value can be written out. Once again the for loop pattern is 
appropriate to handle this problem. 

In structured English we can express this activity as follows: 

initialise maximum monthly rainfall to rainfall in first month of the year 

for each month of the year (except the first) 

compare the month’s rainfall with the current maximum 

if it is bigger replace the current maximum with this 
month’s value


end for


write out the final maximum value


SAQ 2.5 
(a) What was the reason for using a for loop here, and in the 

previous two examples? 

(b) The activity that takes place inside the for loop, (represented in 
structured English by the indented section) involves a decision. 
Can you rewrite it more clearly using the if structure that you 
met in Unit 7? 

Answer to SAQ 2.5 3 

(a)	 In every case there was a fixed number of elements to process and the 
same operation was needed on each element. 

(b)	 Using structured English we could write the decision for comparing 
rainfall figures as follows. 

if this month’s rainfall is greater than the current maximum 

set current maximum to this month’s rainfall 

end if 

Note that there is no need for an else clause here, because if the value 
for the current month is not greater than the current maximum we 
want to leave the maximum value unchanged, so there is nothing to 
do. 

Putting all this together, and using the variable maxMonthlyRainfall to store 
the maximum value so far, the JavaScript code for carrying out the task is 
as follows. 
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maxMonthlyRainfall = rainArray [0];

for (var month = 1; month < rainArray.length; month = month + 1)

{


if (rainArray [month] > maxMonthlyRainfall)

{


maxMonthlyRainfall = rainArray [month] 
} 

}; 
document.write('Maximum monthly rainfall = ' 

+ maxMonthlyRainfall + ' mm') 

Note that the for loop counter starts with the value of month being 1 since 
we have already used the first value in the array, with index value 0, to  
initialise our maximum monthly rainfall. 

ACTIVITY 2.6 

The file Program_8.2.6 contains the JavaScript code for finding the 
maximum rainfall. 

(a) Study the code and write down the output you expect from the 
program. Check that the actual output is what you expected 
and, if it is not, try to work out why there is a difference. 

(b) The file Activity_8.2.6 contains a copy of Program_8.2.6. Open 
the file in Notepad and modify the program so that it outputs 
the smallest amount of rainfall in any month instead of the 
largest. Run your modified program to check that it works 
correctly. 

Discussion 

(a)	 From looking at the values in rainArray, you would have expected the 
maximum monthly rainfall to be 200. You should have found this when 
you ran the program! You can also see from the data that this occurred 
in the third month, March, but the program does not contain any code 
to produce this information. We pursue this in the next subsection. 

(b)	 The required changes are as follows. 

n	 Change the name of the variable to something meaningful, e.g. 
minMonthlyRainfall throughout the program. 

n	 The second, and crucial, change is to change the comparison 
operator in the if statement from > to <, so  that it is a value  smaller 
than the minimum so far that triggers execution of the body of the 
if statement. 

n	 The final change is to modify the wording of the output statement to 
reflect the changed purpose of the program. 

Our solution is available as Solution_8.2.6. 
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Improving the information in the output


EXERCISE 2.3 

In its present form, the information produced by the two programs 
you have just studied is not very informative The user is likely to 
want to know not just how much rain fell in the wettest (or least 
wet) month but also which month this was. How could you modify 
the maximum monthly rainfall program so that it provided this 
additional information? 

Discussion 

You would need to keep track of the index of the element with the highest 
rainfall so that the rainfall at that index could be retrieved, and both pieces 
of information provided for the user. 

In order to write the program discussed in Exercise 2.3 you need a variable 
to store the value of the index with the maximum rainfall so far, say 
maxRainfallIndex. This will initially be set to 0, the first index in the array, 
and will be updated to the current index each time a higher rainfall value is 
found. 

Here is the relevant fragment of code. 

maxRainfallIndex = 0;

for (var month = 1; month < rainArray.length; month = month + 1)

{


if (rainArray [month] > rainArray [maxRainfallIndex]) 
{ 

maxRainfallIndex = month 
} 

} 

Note that we don’t need to record the actual value of the current maximum 
rainfall, because we can find it in the array rainArray using 
maxRainfallIndex. 

Figure 2.8(a) shows the index of the maximum rainfall being updated when 
a rainfall value higher than the current maximum value is encountered; 
Figure 2.8(b) shows the situation where no update occurs because the 
rainfall value is not greater than the current maximum. 

As Program_8.2.7 
(referred to below) 
shows, it is not 
necessary to hold 
both values 
throughout the 
program. 
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Figure 2.8 

EXERCISE 2.4 

When the end of the loop in Exercise 23 has been reached, both the 
maximum monthly rainfall and the number of the month in which it 
occurred (e.g. June is month 6) should be written out. Add the 
JavaScript expressions where indicated below. 

document.write('Maximum Monthly Rainfall of ' 
+	 expression for maximum rainfall should go here 
+	 'mm occurred in month ' 
+	 expression for month in which maximum rainfall occurred should 

go here) 
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Discussion


The expression for the maximum rainfall is rainArray [maxRainfallIndex]. 

The expression for the month is (maxRainfallIndex + 1). 

Remember from Activity 2.5 that you need to add one to the index to adjust 
for zero-based indexing, and to enclose the expression in parentheses to 
ensure that the + symbol is interpreted as addition rather than 
concatenation. 

The full output statement is: 

document.write('Maximum Monthly Rainfall of ' 
+ rainArray [maxRainfallIndex] 
+ ' mm occurred in month ' 
+ (maxRainfallIndex + 1)) 

The full code for the program which outputs both the maximum rainfall and 
the month in which it occurs is available as Program_8.2.7. In the next 
subsection you will see how to write out the actual name of the month. 

2.7 Using parallel arrays


In discussing the code for writing out the maximum monthly rainfall we said 
that there were problems in the way that the month was output. Most users 
would prefer to know that an event occurred in April, rather than in the 
fourth month of the year. Is there anything we can do about this? Well, we 
could store the names of the months in a second array and then look up the 
month name when we need it. Here is an appropriate declaration. 

var monthNamesArray = ['January','February', ... ,December'] 

As shown in Figure 2.9, you will notice that each month name appears at 
the same position in this array as the corresponding rainfall in rainArray. If  
we know the index for which the maximum rainfall occurred, which we 
called maxRainfallIndex, we can access the corresponding month name as 
monthNamesArray [maxRainfallIndex] and include this in our write 
statement as follows: 

document.write('Maximum Monthly Rainfall of ' 
+ rainArray [maxRainfallIndex] 
+ 'mm occurred in ' 
+ monthNamesArray [maxRainfallIndex]) 

Arrays in which the information held at the same index in two or more 
arrays is related (as in the two we have just discussed) are known as 
parallel arrays. 
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Figure 2.9 Parallel arrays for rainfall and month name 

ACTIVITY 2.7 

The file Activity_8.2.7 contains a partially complete program for 
displaying the maximum monthly rainfall and the month (by name) 
in which it occurs. Open this file and add the missing code in the 
places indicated. We have discussed all aspects of the program 
above, so in this activity you simply need to identify the appropriate 
code fragments to include. Once you have completed your program, 
run it to check that it produces the expected output. 

Discussion 

Your program should have displayed the following output. 

Maximum monthly rainfall of 200 mm occurred in March 

A full solution is available as Solution_8.2.7. 

SAQ 2.6 

How could this new array of month names be used to improve the 
output from the program in the file Program_8.2.3, which converted 
the rainfall figures from mm to inches? 

Answer to SAQ 2.6 3 

If we include the declaration and initialisation of monthNamesArray at the 
beginning of the program, we can then include the name of the relevant 
month, as well as the amount of rainfall for each month, in the write 
statement in the for loop. 
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ACTIVITY 2.8 

The file Activity_8.2.8 contains a copy of Program_8.2.3. Open the 
file in Notepad and modify the program so that the names of the 
months (stored in monthNamesArray) are printed out alongside the 
corresponding rainfall values. Run your modified program to check 
that it works as expected. 

Discussion 

Your modified output statement (in the second for loop) should be 
something like the following. 

document.write(monthNamesArray [month] + ' : ' 
+ inchRainArray [month] + '<BR>') 

This is a much more satisfactory way of informing the user which month is 
being referred to. Not only are we able to provide the month name instead 
of its number but it also makes the code more straightforward as we do not 
need to worry about compensating for the fact that our arrays are zero-
based. Our full solution for this activity is available as Solution_8.2.8. 

2.8 Managing the precision of 
numeric output 

The default way in which JavaScript handles numbers with decimal points is 
not particularly helpful, as you can see from looking at the list of values 
produced when you ran the program in Activity 2.8. There are far too many 
figures after the decimal point – at least five, and in some cases more. We 
do not really want to know that the January rainfall value of 111 millimetres 
is about 4.37007 inches! 

JavaScript provides us with a way of rounding decimal numbers to the 
nearest whole number through use of its Math object, which has an 
associated method called round(). For example, 

Math.round(2.4) evaluates to 2 
Math.round(2.7) evaluates to 3. 

However, this is not entirely suitable for our purpose as you will see in 
Activity 2.9. 

ACTIVITY 2.9 

(a) Look at the code in the file Program_8.2.9 where you can see 
the use of Math.round() in an attempt to get rid of the unwanted 
precision of our rainfall conversion figures. 

(b) Run the program to see what effect it has on the output values. 
You should see something similar to Figure 2.10. 

27 



Unit 8 Programs and data 

Figure 2.10 
Screenshot of output

from Program_8.2.9


Can you see any remaining problems with the precision of the 
output values? 

Discussion 

(a)	 We chose to round the rainfall figures immediately after their 
conversion to inches. An alternative would have been to include the 
code for rounding in the output statement instead, as follows. 
for (var month = 0; month < inchRainArray.length; month = 
month + 1) 
{ 

document.write(monthNamesArray [month] + ' : ' 
+ Math.round(inchRainArray [month]) 
+' in(s)' +'<BR>') 

} 

This would have been a better solution if we thought we might need our 
results in the inchRainArray for further calculations later on, and so 
wanted to retain their precision. 

(b)	 You may have noticed from the output that by rounding to whole 
numbers we have lost too much precision. For example both the May 
figure of 23 mm and the December figure of 37 mm now get displayed 
as 1 in, although they were significantly different before conversion. 
You will see in Section 3 how this can be improved by developing a 
small piece of code that produces numeric values to two decimal 
places. This would provide a more appropriate degree of precision for 
our rainfall figures, with the May and December figures becoming 
1.06 in and 1.46 in, respectively. 
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Arrays 

Summary 

In this section, we introduced you to the array as an example of a data 
structure and looked at examples of the use of Array objects to store and 
process collections of data. We discussed some common patterns of array 
processing such as reading in and displaying their contents, adding the 
elements in an array and finding the largest or smallest element in an array. 
You also saw the power of parallel arrays for storing related data. Finally, we 
discussed the precision of figures produced as a result of calculations in 
JavaScript and the round() method of the Math object for rounding to whole 
numbers. 
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3 Functions 

This section aims to:


n introduce you to the use of functions as a way of simplifying the 
structure of large programs by breaking them down into smaller, 
named, pieces of code; 

n explain how functions allow us to ‘wrap up’ the code for a specific 
activity in such a way that it can be reused within a program, or even 
used in other programs; 

n demonstrate how to use, and write, functions in JavaScript; 

n demonstrate how functions with arguments provide a way of handling 
abstraction. 

3.1 Dealing with subtasks in programs


Most of the programs you have met so far are very simple, in the sense that 
they carry out only a single task, using a few statements. The problems that 
we want to solve in real life are usually more complicated than this, possibly 
involving hundreds of activities and requiring millions of lines of code, as 
with the word-processor application that created this document. 

One way to reduce the complexity of programs is to break the main task 
down into a collection of subtasks. If some of the subtasks are themselves 
fairly complex, then they will need to be broken down further into 
subsubtasks, and so on. We can then write a separate piece of code for each 
subtask and a controlling program to link all these special purpose pieces of 
code together, as and when they are required. 

Each piece of code that carries out a subtask needs to be given a 
meaningful name so that it can be referred to whenever it is needed as part 
of a program. It may also need data to carry out its specified task and to 
provide the main program with any results that it has computed. 

3.2 Using functions in JavaScript


JavaScript provides functions as a way of handling subtasks. You met one 
function parseFloat(), which converts strings into numbers, in Unit 7. 
Before you learn how to write JavaScript functions, we will introduce you a 
few other simple functions written by the course team. 
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The drawBox() function 
Our first function is named drawBox(). It carries out the task of drawing an 
outline box, of a fixed size, 4 characters high by 12 characters wide, using 
the '*' character to form the sides of the box. 

Once the code for the drawBox() function is written, the function call 

drawBox() 

can be added at the relevant point in the main program. The drawBox() 
function doesn’t require any data (unlike the parseFloat() function), and so 
has no arguments, but we still need to include the parentheses () after the 
name. 

The drawColouredBox() function 
A similar function, drawColouredBox() draws a box 8 characters high by 16 
characters wide, but it has a single argument which allows us to specify the 
colour in which the box is to be drawn. For example, we might use this 
function in our program with the following statement. 

drawColouredBox('blue') 

Note that the name of the colour is enclosed in quotes. JavaScript provides 
a huge range of predefined colours for our use. You will find a list of the 
predefined colours in some JavaScript textbooks, or by searching on the 
web. However, if you experiment, you will find that most common colours 
will be recognised. 

The drawSizedBox() function 
Another function, drawSizedBox(), has two arguments, which allow us to 
specify the height and width of the box to be drawn, so that 

drawSizedBox(6,10) 

draws a box 6 characters high by 10 characters wide. 

The three functions we have discussed so far carry out some task but, 
unlike parseFloat(), they do not return any result for use later in the 
program. In some programming languages this type of function is known as 
a procedure. Before studying a program which uses our functions we will 
introduce one further function, which does return a result. 

The calculateArea() function 
The function calculateArea() has two arguments, the height and width of a 
rectangle (or box). The function calculates the area of the rectangle, and 
returns this result. You will recall from Unit 7 that when a function returns a 
value, we need some way of using the returned value, either straight away 
as in an output statement, or for future use in our program by assigning it 
to a variable. Here are examples which illustrate both uses for the 
calculateArea() function. The first writes out the area of a box, while the 
second calculates the area of a box and saves it for future use. 

document.write('The area of a box with height 6 and width 10 is ' 
+ calculateArea(6,10) + '<BR>') 

var boxArea;

boxArea = calculateArea(6,10)


In choosing our 
function names, we 
shall follow the same 
M150 style guidelines 
as for variables. 

as . 

Arguments are 
sometimes referred to 

parameters
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ACTIVITY 3.1 

file. 

We are not 
particularly interested 
in the code for the 
functions at this 
stage, and so we have 
put this in a separate 

The file Program_8.3.1 contains code which uses the four functions 
described above. 

Open the file in Notepad and study the way in which the functions 
are used. Then run the program. 

The file Activity_8.3.1 contains a copy of Program_8.3.1. Open this 
file in Notepad and add statements in the places indicated to do the 
following. 

(a) Draw another simple box. 

(b) Draw a brown box. 

(c)	 Draw a box whose size is 3 characters deep by 20 characters 
wide. 

(d) Calculate and write out the area of a box with height 5 and 
width 3. 

Run your modified program to check the effects of your additional 
statements. 

Discussion 

Here are the lines of code you should have added to the program. 

(a) drawBox() 

(b) drawColouredBox('brown') 

(c) drawSizedBox(3,20) 

(d) document.write('The area of a box with height 5 and width 3 is ' 
+ calculateArea(5,3) + '<BR>') 

You will find our completed program as Solution_8.3.1. 

functions. 

3.3 

called 

In Activity 3.1 we used existing functions that carry out specified tasks, 
providing appropriate values (as arguments) where necessary. For the rest 
of this section we look at various aspects of defining and using our own 

Writing functions in JavaScript 

The functions for 
Activity 3.1 are stored 
in a separate file, 

unit8Functions.js. 
This need not concern 
you at present, but 
you will learn more 
about using separate 
files containing 
functions in Unit 9 

The syntax for writing (or defining, to use the more usual terminology) a 
simple JavaScript function can be seen in the following example. 

function doThis() 
{ 

document.write('do this' + '<BR>') 
} 

There are four important parts of this definition: the first three form the 
function header and the fourth is the function body. 
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1	 The reserved word function which indicates that what follows is a 
function definition. 

2	 The name of the function, which in our example is doThis. 

3	 A list of arguments enclosed in parentheses. This simple function does 
not need any data passed to it, so the argument list () is empty. 

4	 The body of the function, which is the set of statements that carry out 
the work of the function. These are enclosed in curly braces { }. In the  
example given, the body contains a single document.write() statement 
but a function can contain any of the statements you would find in a 
main program, and there can be any number of them – though it is 
good practice to keep functions short and focused. 

To include and use this function in a program – technically we say that we 
call or invoke the function – we place the code for the function at the 
beginning of our program. We then place a statement invoking the function 
(the function call) in the code at the point where we want it to carry out its 
task, as in Activity 3.1. 

Here is the JavaScript code of Program_8.3.2, which illustrates the 
definition of a number of functions and a call to each of them. Note that all 
the functions in this program are shown as writing out something. This is 
because we want you to have some visible indication of the functions 
working. Functions can, of course, do all sorts of other things, as you have 
seen with the parseFloat() function and our own calculateArea() 
function. 

// first define a few functions

function doThis()

{


document.write('do this'+ '<BR>') 
};

function doThat()

{


document.write('do that' + '<BR>') 
};

function doTheOther()

{


document.write('do the other' + '<BR>') 
}; 
// then call each of them in our program

doThis();

doThat();

doTheOther()


The last three lines are called function calls because they each call (invoke) 
a function. 

The code for functions 
can normally be 
placed anywhere in 
JavaScript source 
code. In M150 we 
place them before the 
statements of the 
main program. 

ACTIVITY 3.2 

Run Program_8.3.2 to see how it works. The file Activity_8.3.2 
contains a copy of Program_8.3.2. Open this file in Notepad and add 
the definition for a new function named doItAgain(), which writes 
out the message 'do it again'. You should also add a function call 
which uses your new function. Run the modified program to test 
your code. 
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Discussion 

Here is the definition for the function doItAgain()


function doItAgain()

{


document.write('do it again' + '<BR>') 
} 

and here is the function call: 

doItAgain() 

Remember that you need to include the parentheses after the function 
name, even when the argument list is empty. You will find the complete 
program in Solution_8.3.2. 

3.4 Functions with arguments


It often happens that an identical subtask needs to be carried out in several 
different places within a main program. Once defined, a function can be 
called as many times as required. In other situations, the nature of the 
repeated subtask may be such that almost everything is the same, but 
some aspects change in a way that can be managed by providing suitable 
arguments to the function, as with some of the functions whose use was 
demonstrated in Activity 3.1. Arguments allow us to generalise (or 
abstract) the functionality of our code by looking for patterns of activity 
which are repeated in a similar but not identical way. 

Abstraction in the context of programming refers to the way in which the 
details of a particular task (e.g. the specific values needed by a function) 
can be ignored, so as to concentrate on the more generic aspects of the 
task (such as the processing that a function will do on any set of suitable 
values). The body of the function captures the common behaviour of the 
patterns, while the arguments allow us to provide values that capture those 
aspects in which the patterns differ on each occasion. 

As a simple example of how to define a function with an argument, consider 
the function doThis(), and suppose that the task to which it refers may 
need to be done at different times of day or on different occasions. 
Whatever the task, we might want to do it now or later or even eventually. 
We can make the time at which we do it into an argument for our function 
by expanding the original definition as follows. 

function doThis(aTime) 
{ 

document.write('do this ' + aTime + '<BR>') 
} 

The argument aTime is only meaningful inside the function definition where 
it can be used like a variable. Its value is not available outside the function. 

When the function is called, an actual value for the argument must be used. 
For example, when the function call 

doThis('now') 
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is executed, the actual string 'now' replaces the argument name aTime in 
the following statement. 

document.write('do this ' + aTime + '<BR>') 

SAQ 3.1 

Assume that the function doThis(aTime) has been defined. 

(a) What output will be produced when the statement doThis('now') 
is executed? 

(b) What output will be produced when the statement 
doThis('eventually') is executed? 

Answer to SAQ 3.1 3 

(a) The output will be do this now. 

As explained above, the argument 'now' will replace aTime in the body 
of the function, so the document.write() statement will concatenate 
and output the strings 'do this' and 'now' and move to the next line. 

doThis('now') 

function doThis(aTime) 

{ 

document.write('do this' + aTime + '<BR>'); 

} 

do this now 

execute 

resultant 
output 

call 
'now' 

'now' 

This is shown in Figure 3.1. In Figure 3.1 and 
some of the figures 
which follow, we have 
shown the function 
call before its 
definition. This is for 
visual clarity only. A 
function call should 
normally follow its 
definition. 

Figure 3.1 Definition and use of doThis() showing the effect of a function argument 

(b) The output will be do this eventually. 

In this case, aTime will be replaced in the body of the function by 
'eventually'. 

ACTIVITY 3.3 

The file Activity_8.3.3 contains the definition of the function 
doThis(), together with three function calls, each one with a 
different value for the argument. You should execute this file to see 
what it does, then open it in Notepad and add the definition of a 
new function named doItAgain(), which should also take the 
argument aTime and which, if used in the function call 

doItAgain('now'), 

writes out the message: 

do it again now 
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Add a function call, which you should place after the other function 
calls in the program, that uses your new function with 'now' as the 
argument, then run the modified program to check that it works as 
intended. 

Discussion 

Here is our definition for the function doItAgain(). 

function doItAgain(aTime) 
{ 

document.write('do it again ' + aTime + 'BR') 
} 

The function call is: 

doItAgain('now') 

Our modified program is available as Solution_8.3.3. 

3.5 Functions which return a value


The JavaScript functions defined so far carry out simple procedural tasks, 
i.e. ones that do not involve returning a value to the program that called the 
function. There is another category of functions that carry out some sort of 
computation and provide a value as the result of that computation. The 
value returned can be used in a program in various ways: for example, it 
might be assigned to a variable or used directly in some further 
computation or just written out. 

You may recall from Unit 7 that such functions are said to return a value  to  
the program which calls them. In order to do this, JavaScript provides us 
with a special statement, the return statement, which consists of the 
reserved word return followed by the value it needs to return. 

As an example of a useful function of this type, we will revisit the rainfall 
example from Section 2. A clearly identifiable subtask which we can imagine 
being of use in a number of other contexts, other than the rainfall program, 
is the conversion of millimetres to inches. This is therefore an obvious 
candidate for implementation as a function. If we name the function 
toInches(), and provide it with an argument, numberOfMm, which represents 
the value in millimetres that we want converted to inches, then we can 
define the function as: 

function toInches(numberOfMm) 
{ 

return numberOfMm * 0.03937 
} 

The actual value that is passed to the function as the argument numberOfMm 
will be multiplied by 0.03937 and the resulting value (a number of inches) 
will be returned to the main program for subsequent use. For example, to 
calculate the number of inches of rainfall which correspond to the 200 mm 
that fell in March, and to assign the resulting value to a variable called 
marchInches, you could write 
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marchInches = toInches(200)


or, if all the rainfall figures are stored in rainArray, you could write


marchInches = toInches(rainArray [2])


In the second example, you can see that the argument passed to a function 
does not have to be an explicit numeric value, but can be the name of some 
variable or an expression provided it evaluates to a number. 

If you wanted to write out the value returned by the function, then you 
could use the function directly in a statement such as 

document.write('March rainfall was ' + toInches(rainArray [2]) 
+ ' inches' + '<BR>') 

Figure 3.2 shows the effect of calling the toInches() function with an 
argument of 200. 

marchInches = toInches(200) 

function  toInches(numberOfMm) 

{ 

return  numberOfMm * 0.03937; 

} 

7.87400 

execute 

result 

200 

call 

200 * 0.03937 = 7.87400 
200 

Figure 3.2 The toInches() function, showing the effect of calling it with an 
argument of 200 

ACTIVITY 3.4 

(a) Program_8.3.4 includes the definition and use of the toInches() 
function. Study the code and then run the program and check 
that the output is as you expected, preferably using a calculator 
to check the values. 

(b) The file Activity_8.3.4 contains an HTML template for a 
JavaScript program. Open this file in Notepad and add 
JavaScript code to define a function called toGallons(),which 
calculates the number of gallons corresponding to a number of 
litres. The relevant conversion information is: 
1 litre = 0.21998 gallon. 

Add statements in the main program which invoke your 
function to convert and output the number of gallons equivalent 
to 20 litres, 35 litres and 55 litres. Run your program and make 
a note of the results of the three conversions specified. 
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Discussion


definition 
formal or 

, 

call as 
. 

The arguments 
specified in a function 

are referred 
to as 
dummy arguments
and the arguments in 
a function 
actual arguments

(a)	 The output from Program_8.3.4, which uses toInches(), should have 
convinced you that a function call results in the body of the function 
being evaluated, with the actual argument in the function call replacing 
the formal argument. For example, in the first function call the value 27 
would have been substituted for numberOfMm, resulting in a calculation 
of 27 * 0.03937. The result of this calculation would have been 
returned to the main program, converted to a string, concatenated with 
the other strings in the document.write() statement, and written out. 

(b)	 Here is our definition for the conversion function. (You may have 
chosen a different name for the function argument.) 
function toGallons(numberOfLitres)

{


return numberOfLitres * 0.21998

}


Your statements to use the function should be similar to the following. 
document.write('20 litres is ' + toGallons(20) + ' gallons' 

+ '<BR>' 

The results of the conversions, as displayed in the program output, 
should have been as follows. 
20 litres is 4.3996 gallons

35 litres is 7.6993 gallons

55 litres is 12.0989 gallons


Our working code for this activity is available as Solution_8.3.4. 

3.6 A function to tidy up the numeric 
output 

You probably noticed when you ran Program_8.3.4 in Activity 3.4 that there 
were problems with the precision of the results similar to those discussed in 
Subsection 2.9. What is needed is a method to round a numeric value to a 
specified number of decimal places. We can write a very simple function to 
provide a precision of two decimal places. This function can then be used 
whenever necessary by including it in the program code. Here is its 
definition: 

function twoDPs(anyNumber) 
{ 

return Math.round(100 * anyNumber) / 100 
} 

The function has a reasonably meaningful name, twoDPs, and an argument, 
anyNumber, which is the number to be rounded. It makes use of the round() 
method from the Math object which you met in Subsection 2.8. 
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n 

n 

round() method; 

n 

n 

n 

n 

round() 

How does the function work? 
Here is a brief explanation of how this function works mathematically. 

First multiply the number by 100, which moves the decimal point 
two places to the right (so that there are two more digits in front 
of the point); 

then round the result to the nearest whole number, using the 

finally, divide by 100, which moves the decimal point two places 
to the left. 

Here is an example, using the number 3.1889700000000003, one of 
the results from Program_8.3.4: 

3.1889700000000003 * 100 gives 318.89700000000003. 

Rounding this to the nearest whole number gives 319. 

Dividing 319 by 100 gives 3.19, which is the original result 
rounded to two decimal places. By moving the decimal point (and 
then moving it back again) we have been able to use the 
method to obtain greater accuracy. 

We can now add the definition of the twoDPs() function to the program file 
containing toInches() and use it to improve the precision of the value 
returned by the latter function. To do this we replace the statement 

return numberOfMm * 0.03937 

in the body of the toInches() function by 

return twoDPs(numberOfMm * 0.03937) 

The second statement takes the number which is calculated from 
numberOfMm * 0.03937 as the argument for the twoDPs() function and 
returns that number correct to two decimal places. 

This is a very simple example of nesting function calls: the result returned 
from one function is used within the code of another function before their 
combined result is returned. 

Program_8.3.5 contains the modified version of the toInches() function, 
together with some function calls to invoke it. The first part of the program 
defines the function. 

function twoDPs(anyNumber) 
{ 

return Math.round(100 * anyNumber) / 100 
} 

Then the toInches() function, which uses the twoDPs() function is defined. 

function toInches(numberOfMm) 
{ 

return twoDPs(numberOfMm * 0.03937) 
} 

Either or both functions can be used in our main program with a variety of 
different arguments. 
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marchInches = toInches(200) 
200 

200 

function  toInches(numberOfMm) 

{ 

return  twoDPs(numberOfMm * 0.03937); 

} 

function  twoDPs(anyNumber) 

{ 

return Math.round(100 * anyNumber) / 100 

} 

7.87 

execute 

result 

call 

7.87400 

{ 7.87400 

call 

execute 

Figure 3.3 Code from Program_8.3.5 showing a function calling another function 

ACTIVITY 3.5 

In Activity 3.4 (b) you wrote a function to convert measurements of 
volume from litres to gallons. The file Activity_8.3.5 contains a 
working copy of the program that included this function. Open it in 
Notepad and modify the program so that it produces answers 
correct to two decimal places of accuracy. Then run the program to 
test your code. 

Discussion 

Here is our modified definition for the function toGallons().


function toGallons(numberOfLitres)

{


return twoDPs(numberOfLitres * 0.21998) 
} 

The only other modification needed is the inclusion of the twoDPs() function 
definition in your program. The converted values for 20, 35 and 55 litres are 
now returned as 4.40, 7.70 and 12.10 gallons, respectively (although the 
final zeros are not displayed in the browser window). 

Solution_8.3.5 is a working version of the code for this activity. 

3.7 Functions with more than one 
argument 

In Section 5 of Unit 7 you looked at a program in which the user was 
prompted to input a number and a character, and the program then used a 
for loop to print the specified number of the chosen character on a single 
line of output, e.g. seven asterisks ('*'). In this subsection, we consider 
how such a pattern of activity might be captured in one or more functions. 
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A simple but useful function would be one that printed lines of asterisks 
across an output page, in order to separate various sections of output text. 
At its simplest level, each time this function is called it could write a fixed 
number of asterisks as a single line and then move to the next line. If we 
name this function printStarLine, and decide that the standard length of 
line is 40 characters, then we can write the following function definition. 

function printStarLine() 
{ 

for (var position = 1; position <= 40; position = position + 1) 
{ 

document.write('*')

};

document.write('<BR>')


} 

Note that after using a for loop for the repetition, a ‘<BR>’ tag is needed to 
move to the next line of output. 

Having seen this function you might be struck by the fact that there is an 
easily reusable pattern here, because the length of the line could be varied 
by introducing an argument to specify the number of asterisks. 

EXERCISE 3.1 

(a) Write down the definition of a function, printStars(), which has 
a number, say aNumber, as an argument, and which displays a 
line of asterisks of length aNumber in the output window. 

(b) Write down a function call which uses the printStars() function 
to output a line of 25 asterisks. 

Discussion 

(a) Here is our function definition. 
function printStars(aNumber)

{


for (var position = 1; position <= aNumber;

position = position + 1)


{ 
document.write('*')


};

document.write('<BR>')


} 

Note how the argument, aNumber, is used to replace the specific value, 
40, used in the definition of the printStarLine() function. 

(b) Here is the function call needed to write out a line of 25 asterisks. 
printStars(25) 

Remember that when invoking a function we do not need to use an 
explicit value as an argument. We may well want to use a variable or 
some other appropriate expression. If, for example, a variable with 
name myNumber had been declared and assigned a number earlier in the 
program, the function call 
printStars(myNumber) 
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would be perfectly valid. The code for the functions printStarLine() 
and printStars(), along with statements which use them with suitable 
arguments, can be found in the file Program_8.3.6. 

There are several other ways this function could be generalised to 
accommodate an even wider range of essentially similar patterns. Another 
useful variation would be to allow the user to specify the character to be 
used, e.g.'!' or '$' by adding another suitable formal argument to the list 
in the function header and modifying the code in the body of the function to 
use this argument appropriately, and then invoking the function with 
appropriate actual arguments in the body of our program. 

SAQ 3.2 

Write down a suitable name for a function which takes two 
arguments, a number and a character, and which displays a line of 
the specified characters, of length equal to the specified number. 

Answer to SAQ 3.2 3 

As we called our function to print asterisks (‘star’ characters) printStars(), 
it would be consistent to call this one printCharacters() – but you may 
have thought of an equally suitable name. 

EXERCISE 3.2 

List the changes that would need to be made to the code of the 
function definition for printStars()to produce a function definition 
for printCharacters(). 

Discussion 

There are essentially three changes needed. 

n We need to change the name of the function from printStars to 
printCharacters. 

n We need to add another argument after aNumber in the argument list. 
Where there are several arguments for a function, they are separated 
by commas. The new argument should have a meaningful name such 
as outputCharacter, so the new function header would become 
something like: 
function printCharacters(aNumber, outputCharacter) 

n We also need to modify the body of the function so as to replace the 
specific character, '*' by the more general argument, outputCharacter. 

42 



Functions 

SAQ 3.3 

Write down function calls which invoke the printCharacters() 
function in order to display: 

(a) a line of 10 '@'s; 

(b) a line of 25 '–'s; 

(c) our original line of 40 '*'s. 

Answer to SAQ 3.3 3 

The required function calls are: 

(a) printCharacters(10,'@') 

(b) printCharacters(25,'-') 

(c) printCharacters(40,'*') 

ACTIVITY 3.6 

The file Activity_8.3.6 is a copy of Program_8.3.6, which contains 
code for the functions printStarLine() and printStars(), along with 
statements which use them with suitable arguments. Study the 
code in this file and then run Program_8.3.6 to remind yourself 
what each function does. Once you are sure you understand how 
the functions work, add code to define the printCharacters() 
function discussed above and test it using the function calls from 
SAQ 3.3. 

Discussion 

Here is the code for the printCharacters() function. 

function printCharacters(number, outputCharacter) 
{ 

for (var position = 1; position <= number; position = position + 1) 
{ 

document.write(outputCharacter)

};

document.write('<BR>')


} 

Note the way in which the formal arguments in the function header are 
separated by commas. 

Working code is provided as Solution_8.3.6. 

There is one further generalisation of the print pattern, which allows a two-
dimensional output. Suppose we want a function to output a block of 
characters, say five lines, each of 15 '*'s, or 12 lines, each of 24 '$'s. To 
do this we will need a third argument, to handle the number of lines of 
characters we want to output. 
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To start with a concrete example let’s think about a block of five lines, each 
of 15 '*'s. You already know how to output a single line of 15 '*'s, so all 
you need to do is to repeat this five times, to obtain the following output. 

*************** 
*************** 
*************** 
*************** 
*************** 

In the code for displaying a single line of characters, we used a for loop. To 
repeat this display, we will need to use another for loop, in which the body 
will be the first for loop, together with a statement to move the output to a 
new line. 

In structured English we could write our algorithm as: 

for each line from 1 to 5


for each position from 1 to 15


write the character '*'


end for


move to a new line


end for 

We should of course be looking for the more general pattern that will allow 
us to draw a block of any specified size, made up of any specified character, 
so we need to replace the values 5, 15 and ‘*’ by more general arguments, 
which can vary from one use of the function to another, as follows. 

for each line from 1 to number of lines


for each position from 1 to number of characters per line


write the given character


end for


move to a new line


end for 

The corresponding function definition can be written as: 

function printCharacterBlock (lines, number, outputCharacter) 
{ 

for(var line = 1; line <= lines; line = line + 1) 
{ 

for(var position = 1; position <= number; position = position + 1) 
{ 

document.write(outputCharacter)

};

document.write('<BR>')


} 
} 

We have used the meaningful name printCharacterBlock() for the new 
function and we have used three arguments, to represent the three aspects 
of the new pattern that will vary. 
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printCharacterBlock(5, 15, '*'); 

function  printCharacterBlock(lines,number,outputCharacter) 

{ 

for  (var 

{ 

for  (var  position = 1;position <= number; 

{ 

document.write(outputCharacter) 

}; 

document.write('BR') 

} 

} 

*************** 

*************** 

*************** 

*************** 

*************** 

5 '*' 

5 

15 

'*' 

execute 

call 

resultant 
output of 
five lines 
of 15 '*'s 

position = position + 1) 

15  

Figure 3.4 Output from the statement printCharacterBlock(5,15,'*') 
showing links from arguments through function code to output 

ACTIVITY 3.7 

You will find code for implementing printCharacterBlock() in the file 
Program_8.3.7, together with some function calls. Study the code, 
then run the program to see the output it produces for various 
values of the arguments. 

Discussion 

You should have found that the function is quite powerful, allowing you to 
produce a wide range of rectangular patterns. You can, of course, use any 
character from the keyboard as your output character, including numbers 
and letters. 

EXERCISE 3.3 

Can you think of another way in which we could have implemented 
the printCharacterBlock() function? 

Hint Are there any existing functions that you could reuse? 
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Discussion


The function, printCharacters() outputs a specified number of a particular 
character on a single line. This function could be used by invoking it in the 
definition of printCharacterBlock() as follows. 

function printCharacterBlock(lines, number, outputCharacter) 
{ 

for (var line = 1; line <= lines; line = line + 1) 
{ 

printCharacters(number, outputCharacter)

} 
} 

Of course, you would need to ensure that the definition of 
printCharacters() was available in the program. 

3.8 Code reuse


As illustrated in Exercise 3.3, the printCharacterBlock() function could 
have been implemented by reusing the function printCharacters(). 

In addition to reusing a function at several different places in a program to 
save writing the same code more than once, you can also reuse it as part of 
the definition of other functions. This helps to manage the level of 
complexity of the code and should make it easier to understand. 

Exercise 3.3 also shows that there are sometimes a number of different 
ways in which a function body can be written. As someone using the 
function, all you need to know is the type of arguments it requires, and 
what the function does; these are identical for both definitions. The detailed 
code in the function body is of no particular interest, and indeed could be 
changed without having any impact on your program. 

This is one of the aspects of abstraction that arises from using functions. 

In some cases the nature of the subtask may be such that the function code 
can be reused in another program altogether. Whenever a function captures 
a pattern of useful activity that is likely to occur regularly in different 
situations, it can be retained for future use, rather than having to rewrite it 
each time. The twoDPs() function from Subsection 3.5 has already proved 
itself to be such a function. In Unit 9 we look at ways of creating and 
organising libraries of useful functions. 
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Functions 

Here are a few questions you might want to ask yourself when designing 
and writing functions. 

Why write a function? 
n Is it needed to carry out a specific, clearly defined task? 

n Is it likely to be useful elsewhere in your program or in other 
programs? 

How to design the function 
n	 Does it need any arguments and, if so, how many? 

n	 Is the function procedural (such as the functions to write out patterns 
of characters) or does it need to return a value? 

n	 Are there any existing functions that could be reused within the 
definition – either functions provided by JavaScript or those that you 
have written yourself? 

n	 Have you chosen meaningful names for your function and any 
arguments? 

We develop some of these ideas in Units 9 and 10. 

ACTIVITY 3.8 

In this activity you are going to write a simple function from 
scratch. The function, called maxNumber() will return the larger of two 
numbers, which are provided as its arguments. For example, 
maxNumber(3,5) would return 5; maxNumber(7,2) would return 7. 

For simplicity, if the two numbers are the same, then the function 
should just return either of the numbers, i.e. maxNumber(2,2) will 
return 2. 

This activity will give you the opportunity to apply what you have 
learned about functions and to revise some of what you learned in 
Unit 7. 

The file Activity_8.3.8 contains a program template which also 
provides some statements for testing your function. 

(a) Open the file in Notepad and add your function where we have 
indicated. 

Hints 

n	 You will need to use an if...else statement in your function 
in order to determine which number needs to be returned. 

n	 You will need to choose an appropriate comparison operator 
to  use in your  if condition. 

(b) Run the program and check that you get the expected output. 
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Discussion


(a)	 Here is our solution. Yours may differ slightly; for example, you might 
have used different variable names or you could have used >= instead 
of >. 
function maxNumber(firstNumber, secondNumber) 
{


if (firstNumber > secondNumber)

{


return firstNumber 
} 
else 
{ 

return secondNumber 
}


}


(b)	 The output from your program should have been: 

The larger of 3 and 7 is 7 

The larger of 7 and 3 is 7 

The larger of 2 and 2 is 2 

The larger of –5 and 5 is 5 

The larger of 0 and –2 is 0 

You will find our completed program as Solution_8.3.8. 

3.10 Summary 

In this section, we introduced you to the idea of breaking down programs 
into functions in order to reduce the complexity of the resulting code and to 
facilitate the reuse of code. Some functions just carried out a task, while 
others returned a value from some computation, which could then be used 
in our program. You have seen how arguments enable functions to use 
different values at different times, thus extending their flexibility and 
reusability. 
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4 Events and event handlers 

This section aims to:


n introduce the idea of visual components and the event-driven 
programming model; 

n show how we can add simple GUI components to a JavaScript program; 

n show how functions allow us to create code which provides appropriate 
actions when users interact with those components. 

4.1 Graphical user interfaces


In the early days of computing the majority of people who used computers 
were scientifically and technologically oriented and motivated. They didn’t 
worry about how difficult the machines were to use, since what they wanted 
was to access the amazing computational power these new machines could 
provide. Over time, the range of people who have to interact with 
computers on a regular basis has steadily widened. As a result, the average 
computer user’s level of technical understanding and the extent to which 
they are prepared to cope with unfriendly software applications has 
decreased. We are no longer in a situation where it is reasonable to expect 
everyone to remember complex sequences of key combinations in order to 
use the software applications available on their machines. 

Probably the most significant move forward in computer usability in the last 
50 years is the introduction of the graphical user interface or GUI which 
has transformed our interaction with PCs from a text-based, command-line 
interface to one where there are various visual components on the screen 
with which we can interact in a more intuitive manner. 

command – – 

– 
menus – 
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Interfaces 
As recently as the 1970s and early 1980s, people used to interact 
with a remote computer using a teletype. A user would type in one 

a single line of text at a time, then wait for the 
computer’s response to be printed on a linked printer before typing in 
the next command. The operating systems of early PCs took a similar 
approach. WIMP interfaces windows, icons, mice and pull-down 

were originally developed by researchers at Xerox Palo Alto 
Research Centre and taken up on a commercial basis by the 
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producers of Atari and Apple computers. Predominantly text-based 
environments were replaced by the visual environments which are 
now universal and which most of us find easier to use. 

Figure 4.1 A teletype terminal and linked printer 

We look at ways in which the overall usability of computer-based 
applications has been improved in Units 12 and 13, where human–computer 
interaction (HCI) is considered in some detail. Most of us are familiar with 
modern windows-based operating systems, and regularly use visual 
components (sometimes referred to as GUI widgets) such as buttons, text 
boxes, checkboxes, drop-down menus, sliders, and so on when we run 
applications. 

icons 

window 

menupointer 

Figure 4.2 A typical GUI highlighting the main elements 
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Events and event handlers 

The introduction of GUIs has changed how programmers need to think 
about developing software, at least at the user interface level. They are no 
longer in the situation where they have to write one large program in which 
all the sequencing of activities has to be built into their code in advance. 
Instead they have to think about how their program should react to the 
various ways a user might activate the visual component(s). We talk about 
an event-driven model in which the computer registers the occurrence of 
an event whenever the user does something which changes the state of 
one of the components on the screen For example, an event might be a 
click on a button, or the movement of the cursor over an image, or an 
attempt to drag and drop an icon to a new position on the screen. For each 
of these events, the programmer has to provide code that will carry out the 
actions required as a result of the event having occurred. We call these 
pieces of code event handlers. Each one needs to be attached in some way 
to the component for which the event occurred and so in general GUI 
programming consists of a relatively large number of relatively small pieces 
of code. 

As user interfaces have developed, programming languages have had to 
follow suit, and programmers have had to learn new skills. Modern 
programming languages, and the development environments within which 
they are used, have been extended to include most of the features that 
programmers need in order to build products with graphical user interfaces, 
quickly and efficiently. 

4.3 Adding GUI components to 
programs 

To add GUI components to JavaScript programs, we need to include the 
details of the required visual components in the body of our HTML code 
document. 

As you learned in Unit 7, every browser window has a document associated 
with it, to which the output from programs is directed. In turn, each 
document can have a number of forms associated with it, and each form 
can have a number of GUI widgets (such as buttons and text boxes) 
associated with it. You can see how these various features are related in the 
component hierarchy shown in Figure 4.3. 

Finally, both forms and GUI elements have a number of properties, called 
attributes, which specify things such as their name, appearance and effect. 

To use the various graphical components in programs we need to declare 
them to the system (as we do with variables) and assign values to any 
relevant attributes. As GUI elements must be associated with a form, the 
procedure for using them involves the following steps. 

pages. 

These GUI widgets 
are known as 
elements in HTML 
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window 

document 

form1 

form2 

one or more forms 
each containing one 
or more GUI widgets 

button 1 

button 2 

text box 

button 3 

form. 

When you run your 
program, you will not 
be able to see the 

Figure 4.3 Structure of a browser window displaying GUI widgets 

n Create a form on which you can place the elements, by including the 
<FORM> and </FORM> tags. (All definitions associated with the form 
will then be included between these tags.) 

n Assign a value to the NAME attribute of the form, so that it can be 
referred to in the code. 

n Create each element which receives input from a user (such as a 
button), using the <INPUT> tag. (This tag doesn’t need an end tag.) 

n Set relevant attributes of the input element, for example: 

n TYPE (e.g. button, checkbox); 

n VALUE (which in the case of a button is the text displayed on the 
button – its label); 

n ONCLICK (the attribute of a button which specifies the action to be 
taken when it’s clicked). The code to carry out the action is called an 
event handler. 

Here is an example of the code for creating a form with a button.


<HEAD>


<TITLE>Program_8.4.1</TITLE>


<SCRIPT>


// JavaScript code will go in here 

</SCRIPT>


</HEAD>


<BODY>


<FORM NAME = "greeting">


<INPUT TYPE = "button"


VALUE = "Press Me" 

ONCLICK = "window.confirm('Do you realise you just pressed 
the button?')" >  

</FORM> 
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Note that window.confirm() displays a dialogue box with two buttons, ‘OK’ 
and ‘cancel’. If the ‘OK’ button is clicked, it returns the Boolean value true; 
if the ‘cancel’ button is clicked, it returns the Boolean value false. 

A note on formatting 
We have continued the convention introduced in Unit 7 of typing the various 
HTML reserved words, such as NAME and VALUE, in upper-case letters to 
emphasise that they are not JavaScript. Also note that the values assigned 
to them are enclosed in double quotes, again to distinguish them from 
JavaScript strings. 

In this example, we have set attributes as follows: 

n the NAME attribute of the form to "greeting"; 

n the TYPE attribute of the element to "button"; 

n the VALUE attribute of the button (its label) to "Press Me". 

n the ONCLICK attribute of the button (the action to be taken when it is 
clicked) is assigned the code needed to produce a confirm box with the 
question ‘Do you realise you just pressed the button?’. 

This simple example contains nothing in the head of the file except a 
comment, but in later examples we will be putting JavaScript code between 
the <SCRIPT> and </SCRIPT> tags as we have done in our programs 
throughout Units 7 and 8. 

ACTIVITY 4.1 

Program_8.4.1 contains the program described above. Run it a 
couple of times and click on the button as requested. Do you notice 
anything surprising about the button? 

Discussion 

You should see something like Figure 4.4. 

, confirm() 

A confirm box is a 
dialogue box similar 
to  a  prompt box, but  
in which the user is 
given only two 
options, to click OK or 
to click Cancel. Like 
prompt()
is a method 
associated with the 
Window object. 

Figure 4.4 Program_8.4.1 screenshot 

Did you notice that the program does not ‘die’ once you have clicked the 
button and responded to the confirm box. Once launched the program sits 
there waiting to respond to any number of clicks from a user until its 
execution is explicitly halted by closing the browser window. This is typical 
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of event-handling programs, which are designed to respond to user input 
whenever it might occur. You could go off and read your email or edit a 
Word document, and then come back and click the button again – as with 
many applications you are accustomed to using. 

ACTIVITY 4.2 

Another type of dialogue box provided by the window object is the 
alert box, which, as its name implies, is designed to display a 
warning message (though it could be used to display any text). It is 
the simplest of the three dialogue boxes you have met, as the only 
possible response from the user is to click the OK button in order to 
acknowledge that they have read the message. It is produced by 
the alert() method of the Window object and takes a single string 
argument, the text for the message to be displayed. The file 
Activity_8.4.2 contains a copy of Program_8.4.1. Modify the code in 
this file so that in response to the button being clicked it displays an 
alert box with the text Hello world! instead of the confirm box. Run 
your program to check that it works as you expect. 

Discussion 

All that needed changing was the value of the ONCLICK attribute, which

should now read as follows.


ONCLICK = "window.alert('Hello world!')"


The output from your program should have been similar to that shown in

Figure 4.5.


Figure 4.5 Solution_8.4.2 screenshot 

A working program is available as Solution_8.4.2. 
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Hello world! 
We have included this ‘Hello world!’ program because it has 
something of a cult status in the field of programming! When 
programming in a new language or environment a programmer’s first 
challenge is usually to see whether they can get a program to write 
out anything, and the use of the phrase 'Hello world!' has become 
something of a tradition in this context. 
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Adding a text box to the form 
Dialogue boxes are not always appropriate for output, since once the box is 
displayed, the program can’t do anything else until the user dismisses it. 
What if we need to keep the output visible, while continuing to interact with 
the program, e.g. by pressing another button? One way of achieving this is 
to add another component to our form – a text box, which we can use either 
to obtain input from the user or to display output, or both. As with the 
button, we need to specify: 

n the TYPE attribute of our new element, which for a text box is "text"; 

n its VALUE attribute, which in the case of a text box is the text we want 
displayed in the box; 

n a NAME for the element, so that we can specify in the code where any 
input is to come from or where any output is to be displayed. 

= = = ''> 

above? 

All this can be done with an HTML statement such as: 

<INPUT TYPE "text" NAME "response" VALUE 

SAQ 4.1 

What do you think will initially be displayed in the text box defined 

Remember we have 
adopted the 
convention of 
enclosing attribute 
values in double 
quotes except for 
simple strings such as 
those appearing in 
text boxes. 

Answer to SAQ 4.1 3 

The output text is specified by the VALUE attribute and so, as the empty 
string is specified, the box will not initially contain any text. 

You may be a little puzzled by the use of the <INPUT> tag to specify this 
element, as we are currently using it for output. HTML uses this tag for all 
elements that can be used for both input and output. 

If the text box declaration is placed immediately after the existing button 
declaration, then the text box will appear on the form next to the button. To 
output anything to the text box during program execution the value of the 
text element must be changed. How do we do that? You will remember that 
we originally put a form named "greeting" into our document; then we put a 
text box named "response" on the form. So employing the usual dot 
notation, we can assign a string, such as 'Hello world' to the VALUE 
attribute as shown in Figure 4.6. 

document.greeting.response.value = 'Hello world!' 

string to be 
assigned 

text box named 
response 

form named 
greeting 

Document 
object 

value of 
text box 

Figure 4.6	 JavaScript statement to assign the string 'Hello world!' to a text box 
value 

The statement is best understood by reading it from right to left: the string 
'Hello world!' is to be assigned to the value of the text box named 
"response" on the form named "greeting" which belongs to our current 
Document object. 
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Finally, in order for the string to be output in response to a button click, we 
must assign this statement to the ONCLICK attribute of the button. Putting 
it all together, we have the following program. 

<HTML>


<HEAD>


<TITLE>Program_8.4.3</TITLE>


<SCRIPT>


/* JavaScript code will go in here */ 

</SCRIPT> 

</HEAD> 

<BODY> 

<!-- HTML code to create a form --> 

<FORM NAME = "greeting"> 

<!--	 HTML code to create a button on the form --> 

<INPUT TYPE = "button" 

VALUE = "Press Me" 

ONCLICK = "document.greeting.response.value = 'Hello 
world!'">


<!-- HTML code to create a text box on the form -->


<INPUT TYPE = "text"


NAME = "response" 

VALUE = ''> 

</FORM> 

</BODY> 

</HTML> 

Note the use of the <!-- and -- > tags to indicate comments in the HTML 
code, rather than the // or /* and */ used in JavaScript. If JavaScript 
comments were used in the HTML code, they would be displayed in the 
output! 

You will find a copy of this code as Program_8.4.3. 

ACTIVITY 4.3 

The file Activity_8.4.3 contains a copy of Program_8.4.3. Run this 
program in order to see its output then modify the program as 
follows. 

(a) Change the label of the first button to: Hello. 

(b) Change the message which appears in response to clicking the 
button to: Hello emptiness! 

(c)	 Add a second button, with label Goodbye, and a second text 
box, with the name farewell. The content of the text box should 
be initialised to the empty string, but when the button is clicked 
it should display 'Goodbye to romance'. 
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When you run your program and click the Hello and Goodbye 
buttons you should see something similar to Figure 4.7. 

Figure 4.7 Expected browser window 

Hint In Program_8.4.3 the button and the text box were placed 
next to each other on the form because they were successive 
declarations in our code. By using the <BR> tag to move to a new 
line, you can place elements underneath each other, as we have 
done with our second button and text box. 

Discussion 

(a) To change the button label to Hello, you simply need to change its 
VALUE attribute to "Hello". 

(b) The value assigned to the ONCLICK attribute should be changed to 
"document.greeting.response.value = 'Hello emptiness!'" 

(c) The declaration for the second button would be as follows: 
<INPUT TYPE = "button" 

VALUE = "Goodbye" 

ONCLICK = "document.greeting.farewell.value = 
'Goodbye to romance'"> 

The declaration for the second text box would be as follows: 

<INPUT TYPE = "text" 

NAME = "farewell" 

VALUE = ''> 

You will find our complete solution as Solution_8.4.3.


There may be circumstances when we want a button press to cause more 
than one action. For example, suppose that in response to a single click of a 
button with the label Student Details, we wanted a student’s name, personal 
identifier and course code to appear in different text boxes (called name, 
identifier and course) on a form called details. Here are the relevant 
declarations. 
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<!-- HTML code to create the button --> 

<INPUT TYPE = "button" 

VALUE = "Student Details" 

ONCLICK = "document.details.name.value = 'Josie Bloggs'; 
document.details.identifier.value = 'P1234567'; 
document.details.course.value = 'M150'"> 

<BR> 

<!-- HTML code to create three text boxes on the form --> 

<INPUT TYPE = "text" 

NAME = "name" 

<INPUT 

VALUE = ''> 

TYPE = "text" 

NAME = "identifier" 

VALUE = ''> 

<INPUT TYPE = "text" 

NAME = "course" 

VALUE = ''> 

You can see that we’ve assigned a sequence of three program statements to 
the ONCLICK attribute. When a browser reads (parses) this page, it will 
pass all the code in quotes to the JavaScript interpreter. The full code for 
this program is available as Program_8.4.4. 

4.4 Using functions as event handlers


You may have concluded from the example above that things are going to 
get rather difficult to follow if we want to do anything at all complicated 
when a button is pressed. Just adding more and more lines of code after the 
ONCLICK reserved word in the button declaration is going to be hard to 
manage, and to understand. What we really need as an event handler is a 
call to a function whose name gives us an idea of what should happen when 
it is invoked. We can then put the details of the corresponding function 
definition somewhere more convenient. 

As with all the JavaScript code we have written so far, the function 
definitions for the various event handlers need to go between <SCRIPT> 
and </SCRIPT> in the HEAD of the HTML page. In our example of Student 
Details we can define a function called, say, displayDetails(), and change 
the button declaration in the BODY of the file to: 

<INPUT TYPE = "button" 

VALUE = "Student Details" 

ONCLICK = "displayDetails()" >  

EXERCISE 4.1 

Write down the definition of a function called displayDetails() 
which carries out the three actions assigned to the ONCLICK 
attribute in the code for Program_8.4.4. Remember that when 
defining a function you must include a function header and a body. 
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Discussion 

The required function definition is as follows. 

function displayDetails() 
{ 

document.details.name.value = 'Josie Bloggs'; 
document.details.identifier.value = 'P1234567'; 
document.details.course.value = 'M150' 

} 

Did you remember to include the function reserved word? 

This function has no 
arguments and no 
return value. 

ACTIVITY 4.4 

The file Activity_8.4.4 contains a copy of the code for 
Program_8.4.4. Open this file in Notepad and make sure you 
understand the code to create the form, the button and the text 
boxes. Then modify the code so as to use the function you defined 
in Exercise 4.1. You will need to: 

n add your JavaScript function definition between the <SCRIPT> 
and </SCRIPT> tags; 

n replace the three lines of code assigned to the ONCLICK 
attribute of the button by a single function call. 

Save your program and run it. 

Discussion 
You should have found that your program behaves identically to 
Program_8.4.4. 

Our full solution is available as Solution_8.4.4. 

SAQ 4.2 

Can you think of another reason for using functions as event 
handlers? 

Answer to SAQ 4.2 3 

Another advantage of using functions as event handlers is that the same 
function can potentially be reused in a number of different situations. 
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Unit 8 Programs and data 

We mentioned in Subsection 4.3 that a text box can be used for both input 
and output, although so far we have only used it for displaying output. 
When a text box is used for input, the user needs to be told that they must 
enter something which will then become the current VALUE of the text box, 
and can be accessed for use elsewhere in the program. 

Suppose we want to modify the program which displayed Hello world! in a 
text box (Program_8.4.3) so that it asks the user for their name, and then 
greets them by name. Instead of the general greeting, 'Hello world!' we 
would issue the personalised greeting of, say, 'hello Stanley'. Some text, 
such as Please type in your name has to be placed next to the box. This is 
done by including the required text in the HTML file, at the point where we 
want it to be displayed. 

So that input is not confused with output, we will separate the different 
aspects of our program, by placing a second text box on the form called 
userName, into which we ask the user to type their name. We can do this by 
adding the following statements to the HTML document. 

Please type in your name


<BR>


<INPUT TYPE = "text" NAME = "userName" VALUE = ''>


<BR>


SAQ 4.3 

How can the program access the text typed in by the user? 

Answer to SAQ 4.3 3 

Remember that the text displayed in a text box is assigned to its VALUE 
attribute. So once the user has entered some text in the box, it can be 
accessed as the value of the text box "userName" on the form "greeting" 
associated with our document, that is: 
document.greeting.userName.value 

We now need to modify the code which handles the button click event. In 
Program_8.4.3 the result of pressing the button was to display 'Hello 
world!' in the text box called "response". We now want the display to be 
'hello', concatenated with whatever the user typed in. We can set the 
VALUE attribute of the text box to this new string as follows. 
document.greeting.response.value = 'hello ' + 

document.greeting.userName.value 

Our complete code for this program is available as Program_8.4.5. If you 
run it and enter your name in the top text box, and press the ‘Now Press Me’ 
button, then hello followed by your name will appear in the second box; see 
Figure 4.8 for an example. 
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Figure 4.8 Program_8.4.5 screenshot 

SAQ 4.4 

What would happen if you clicked the button without having 
entered anything in the text box? 

Answer to SAQ 4.4 3 

You would just get the message 'hello' (which would be followed by the 
empty string). 

EXERCISE 4.2 

How could the program detect that there is nothing in the box and 
warn the user accordingly? 

Discussion 

We could use an if statement with a suitable condition to test whether the 
string assigned to the VALUE attribute of the box is equal to the empty 
string. If it is then we could use an alert box to issue a warning message 
such as Don't forget to enter your name before pressing the button. 

Here is the code for displaying the box: 

window.alert 
('Don\'t forget to enter your name before pressing the button') 

You may remember from Unit 7 that in order to use an apostrophe in a 
string you need to precede it by an ‘escape character’, a back slash (\). 

ACTIVITY 4.5 

The file Activity_8.4.5 contains a slightly modified version of 
Program_8.4.5. Our modified program behaves in exactly the same 
way as Program_8.4.5, but we have modified the code to introduce 
a function called greetUserByName(). Open the file Activity_8.4.5 in 
Notepad and study the code. We have included comments to explain 
our modifications. 
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Now modify the code of the event handler (the greetUserByName() 
function) so that it checks whether the user has entered anything 
before pressing the button. If not, the program should warn them 
accordingly, using an alert box; otherwise the program should 
output a greeting as before. 

Hints 

Here is the required algorithm in structured English. 

if input textbox is empty then 

warn the user of this fact 

else 

greet the user by name 

end if 

Remember that the JavaScript operator for comparing two values to 
test whether they are equal is ==. 

Test your program by running it both with and without something 
typed into the input box. 

Discussion 

Here is our code for the modified function. Yours may have a different 
warning message. 

if (document.greeting.userName.value == '') 
{ 

window.alert 
('Don\'t forget to enter your name before pressing the button') 

} 
else 
{ 

document.greeting.response.value = 
'hello ' + document.greeting.userName.value 

} 

Note that in the first line of code the two quotation marks are adjacent: 
they do not have a space between them. An empty string is not the same as 
a string with a single space in it. 

Did you remember to use the escape character before the apostrophe in 
Don’t? 

Our complete working program for this activity is available as 
Solution_8.4.5. 
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Events and event handlers 

This section ends with a slightly more challenging activity, which brings

together several of the programming concepts you have learned so far.


ACTIVITY 4.6 

In Activities 3.4(b) and 3.5, you wrote the following function to 
convert litres to gallons and return the result to two decimal places. 

function toGallons(numberOfLitres) 
{ 

return twoDPs(numberOfLitres * 0.21998) 
} 

In this activity you will use this function, together with what you 
have just been learning about buttons and text boxes, to write a 
slightly more interactive conversion program. The user will be 
asked to type in a value in litres and, on clicking a button labelled 
‘Convert’, will be provided with the equivalent number of gallons. 
A simple interface for the program is shown in Figure 4.9. 

Figure 4.9 Interface for the litres to gallons conversion program 

If you feel confident with the programming so far, you may want to 
try this activity on your own. If not, you can follow the guided steps 
below, which include Exercises 4.3 and 4.4. We have provided you 
with the file Activity_8.4.6 which indicates where you should add 
the code for the various parts of the program. 

EXERCISE 4.3 

Write down the declarations needed to produce the button, text 
boxes and text shown in Figure 4.9. Remember that you will also 
need to create a form on which to place them. (You should leave the 
ONCLICK attribute of the button blank for the time being, as this 
will require some further discussion.) 
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Discussion 

There was quite a lot to remember here. You first needed to set up the 
form, called something meaningful like converter, and then to add 
declarations for the various components needed. Here is our code for this 
part of the program. (You may have chosen different names and differently 
worded text.) 

<!-- declaration for form -->


<FORM NAME = "converter">


<!-- text indicating to the user that they should enter a number of litres -->


please enter value in litres


<BR>


<!-- declaration for text box to receive input in litres -->


<INPUT TYPE = "text" 

NAME = "litres" 

VALUE = '' > 

<BR> 

<!-- declaration for the button – value of ONCLICK attribute still to be added 
-->  

<INPUT TYPE = "button" 

VALUE = "Convert" 

ONCLICK = "<!-- to be added -->"> 

<BR> 

<!-- label for second text box -->


equivalent in gallons is


<BR>


<!-- declaration for text box to output value in gallons -->


<INPUT	 TYPE = "text" 

NAME = "gallons" 

VALUE = ''> 

<BR> 

Next you need to think about what happens when the button is clicked. The 
user will (hopefully!) have typed a number of litres into the first text box, 
named litres. You need to: 

n	 call the toGallons() function with this number of litres as argument; 

n	 assign the return value from the function to the VALUE attribute of the 
second text box (called gallons). 

EXERCISE 4.4 

Write down the code that will be assigned to the ONCLICK attribute 
of the button. 
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Discussion 

The required code is as follows. 

document.converter.gallons.value = 
toGallons(document.converter.litres.value) 

Finally, you need to add all the code to the program. 

n Function definitions need to go between <SCRIPT> and </SCRIPT> in 
the head of the HTML code. Remember to include the code for the 
twoDPs() function as well as the toGallons() function, because 
twoDPs() is needed by toGallons(). You can copy and paste the code 
for both functions from Solution_8.3.5. 

n Code for the form, button, prompts and text boxes needs to go in the 
BODY of the HTML code. 

If you have not already done so, open Activity_8.4.6 and add the various 
sections of code in the places indicated by our comments. Run your 
program and test it with a variety of inputs. 

We are now in a position to provide a discussion of Activity 4.6. 

Discussion 

Here is our complete program, which is available as Solution_8.4.6.


<HTML>


<HEAD>


<TITLE>Solution_8.4.6</TITLE>


<SCRIPT>


function twoDPs(anyNumber) 
{ 

return Math.round (100 * anyNumber) / 100 
} 

function toGallons(numberOfLitres) 
{ 

return twoDPs(numberOfLitres * 0.21998) 
} 

</SCRIPT>


</HEAD>


<BODY>


<!-- declaration for form -->


<FORM NAME = "converter">


<!-- text indicating to the user that they should enter a number of litres -->


please enter value in litres


<BR>
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<!-- declaration for text box to receive input in litres --> 

<INPUT	 TYPE = "text" 

NAME = "litres" 

VALUE = ''> 

<BR> 

<!-- declaration for the button – value of ONCLICK assigns the number of 
gallons to the VALUE attribute of the "gallons" text box --> 

<INPUT TYPE = "button" 

VALUE = "Convert" 

ONCLICK = "document.converter.gallons.value = 
toGallons(document.converter.litres.value)"> 

<BR> 

<!-- label for second text box -->


equivalent in gallons is


<BR>


<!-- declaration for text box to output value in gallons -->


<INPUT	 TYPE = "text" 

NAME = "gallons" 

VALUE = ''> 

<BR> 

</FORM> 

</BODY> 

</HTML> 

You may think that the code assigned to ONCLICK is still rather messy. We 
could include this code in an new event-handling function called something 
like convert() and add this function to the JavaScript section of the 
program 

If you wanted to warn the user that they have failed to enter a value before 
pressing the Convert button you could include a copy of the code that was 
used to do this in Activity 4.5. 

You should be starting to realise that almost everything that you have done 
previously is in some sense reusable. When you work on programming 
tasks, you need to be consciously looking out for patterns that might be 
useful in another context, and of course remembering where you put any 
code that you may want to copy in future programs! 

4.7 Summary


In this section we introduced you to the ways in which you can improve user 
interaction with your programs by including visual components, such as 
buttons and text boxes. You saw that we can write functions containing code 
for the event handlers which provide the appropriate response to user 
actions such as clicking on a button. Finally we reinforced the idea of code 
reuse by identifying situations in which code written in this and earlier 
sections could be incorporated into new programs. 
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5 Strings 

This section aims to:


n extend the knowledge of String objects that you gained in Unit 7; 

n use the built-in JavaScript String methods to develop a collection of 
your own string-processing functions, concentrating initially on 
processing strings with single characters; 

n use the string-processing functions we have developed in order to 
implement a password-checking program. 

You have already met the concept of a string in many places in this course, 
but we will start this section with a brief revision. As far as JavaScript is 
concerned a string is any sequence of letters, digits, punctuation and other 
special characters which need to be treated as a single entity. When single 
characters are processed in JavaScript, they are treated as strings one 
character long. 

JavaScript String objects provide a collection of basic methods to assist us 
with string processing. We will look briefly at some of these methods, before 
going on to use them as the basis for developing string-processing functions 
of our own. 

5.1 String processing


When strings are processed, it may be necessary to access individual 
characters and manipulate them. In this sense, you can think of a string as 
being similar to an array of characters. You learned in Unit 7 that String 
objects, like Array objects, have a length property which returns the 
number of characters contained in the string. You also used the 
charAt()method which returns the single character at a specified position in 
the string, using the same zero-based indexing that you met when looking 
at arrays. Thus, if the variable myString currently has the value 'Hello 
world!' then 

myString.length 

will return the value 12, since spaces and exclamation marks also count as 
separate characters, and 

myString.charAt(4) 

will return the value 'o', a string consisting of the fifth character in the 
string. 

– 1 
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Another useful method is the indexOf() method, which returns the position 
of the beginning of the first occurrence of any specified substring within the 
given string. If the substring is not present in the given string then it returns 
–1. For example, if myString currently has the value 'Hello world!', 

myString.indexOf('Hell') returns 0 

myString.indexOf('world') returns 6 

myString.indexOf('r') returns 8 

myString.indexOf('low') returns –1 

(as myString contains the substring 'lo w', but not 'low'). 

Remember that we are using zero-based indexing and that spaces also 
count as characters. 

10 110 

H 

myString 

1 

e 

2 

l 

3 

l 

4 

o 

5 6 

w 

7 

o 

8 

r 

9 

l d ! 

myString.length  is 12 myString.indexOf('r')  is 8 

myString.charAt(4) is 'o' 

Figure 5.1	 myString as 'Hello world!' showing results of String properties and 
methods 

The built-in String methods we have looked at are fairly basic. In the 
following sections of the unit we will use them to construct some slightly 
more complex string-processing functions, concentrating initially on 
manipulating strings with a single character. 

5.2 Some character-processing 
functions 

What any programming language provides as built-in facilities, no matter 
how powerful these may be, is only a starting point, a set of basic tools and 
building blocks. Most of the problems we meet will require us to assemble 
these basic blocks into larger structures of our own. 

We start writing our own string-processing functions by developing a few 
operations on single character strings, as these functions will be useful 
when we need to take longer strings apart and look at the individual 
characters. 

In Unit 7, we discussed how strings, or any other items that can be ordered, 
can be compared using the comparison operators (e.g. <, <=, >, >=). You 
learned, for example, that: '3' < '5', 'a' < 'c' and 'B' < 'Z' all evaluate 
to true. 
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Testing whether a character is a digit 
To test whether a given character is a digit, we need to check whether it is 
in the character range '0' to '9', i.e. whether the character is ‘greater than 
or equal to’ the character '0' and, at the same time, is ‘less than or equal 
to’ the character '9'. The ability to compare strings arises from the fact that 
characters are stored in the computer as numeric codes, and that groups of 
related characters are represented by contiguous sequences of numbers. 

You learned in Unit 3 
that character codes 
in modern computers 
are normally 
represented by the 
Unicode standard. 

EXERCISE 5.1 

Suppose aCharacter is a variable whose value is a string consisting 
of a single character. 

(a) Write down a conditional expression in JavaScript which checks 
whether aCharacter is ‘greater than or equal to’ the character 
'0'. 

(b) Write down a conditional expression in JavaScript which checks 
whether aCharacter is ‘less than or equal to’ the character '9'. 

Discussion 

The correct expressions are: 

(a) aCharacter >= '0' 

(b) aCharacter <= '9' 

Putting these two expressions together, we know that aCharacter is a 
numeric character if 

(aCharacter >= '0') && (aCharacter <= '9') 

We can generalise this condition to apply to any single character string by 
defining a function named isNumeric() which takes a string with a single 
character as its argument and returns a Boolean result, as follows. 

function isNumeric(aCharacter) 
{ 

return (aCharacter >= '0') && (aCharacter <= '9') 
} 

You may be a bit puzzled by the fact that we do not explicitly return true or 
false from this function. We could have written the body of the function as: 

{ 
if ((aCharacter >= '0') && (aCharacter <= '9')) 
{ 

return true1 
}

else

{


return false 
} 

} 

However, as the expression 

(aCharacter >= '0') && (aCharacter <= '9')


evaluates to true or false, we can return its value directly.


&&, || 

You used AND, OR 
and NOT in Unit 6, 
and met the 
JavaScript operators 

and ! for 
implementing them in 
Unit 7. 
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In the Unicode 
sequence the upper-
case and lower-case 
letters are in two 
sequences separated 
by some non-
alphabetic characters. 

Testing whether a character is alphabetic 
Testing whether a given character is alphabetic is slightly more complex, as 
we need to check two separate sets of contiguous codes, one for the upper-
case characters and one for the lower-case characters 

We might decide to make a virtue out of this minor difficulty by providing 
two separate functions for checking whether the character is upper case and 
whether it is lower case, respectively, on the basis that there are times 
when each of these checks could be useful in its own right. Having done 
this, we can then combine these two functions into another function that 
checks whether the character is alphabetic, regardless of its case. Following 
the approach that we took for isNumeric() we can write the following 
function to test whether a character is lower case: 

function isLowerCase(aCharacter) 
{ 

return (aCharacter >= 'a') && (aCharacter <= 'z') 
} 

EXERCISE 5.2 

Write down a similar definition for the function isUpperCase(). 

Discussion 

We need to replace the lower-case characters 'a' and 'z'with their upper-
case equivalents 'A' and 'Z' and change the name of the function, so we 
write: 

function isUpperCase(aCharacter) 
{ 

return (aCharacter >= 'A') && (aCharacter <= 'Z') 
} 

We can now combine these two functions into our isAlpha() function, since 
an alphabetic character is one which is either upper case or lower case. 

function isAlpha(aCharacter) 
{ 

return (isUpperCase(aCharacter) || isLowerCase(aCharacter)) 
} 

Testing whether a character is alphanumeric 
Finally, in this current group of functions, we can combine the isAlpha() 
and isNumeric() functions into a single function named isAlphaNumeric(). 
This will be useful in Subsection 5.3, when we want to check that all the 
characters in a string are legal alphanumeric characters, i.e. either 
alphabetic or numeric characters. We define this function as: 

function isAlphaNumeric(aCharacter) 
{ 

return (isAlpha(aCharacter) || isNumeric(aCharacter)) 
} 
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Consider the simplicity of this last function, and compare it with the 
complexity that would be involved if all the logic for each of the separate 
checks were put into a single condition. You should appreciate that the 
process of building a function out of several smaller functions, each doing a 
simple task, improves the underlying structure of the code and makes it 
more understandable. 

ACTIVITY 5.1 

Program_8.5.1 demonstrates the way each of these functions 
behaves. Run the program and try out each function with various 
input characters by pressing the relevant buttons that appear on 
the form, as shown in Figure 5.2. You should consider the range of 
characters that you need to try in order to be satisfied that all the 
functions work correctly, bearing in mind what you learned about 
testing in Unit 7. 

Discussion 

At the very least you would need to test each function using a typical 
numeric character like 6, a typical upper-case character like M and a typical 
lower-case character like h, and you should also check one or more 
characters which do not fall in to any of these categories such as £ or >. If  
you were worried about the boundary conditions you would check the ends 
of the various ranges, such as 0 and 9, A and Z. You might also wish to look 
at what happens to the characters just outside the boundaries. If you were 
to consult a table of Unicode characters you would find, for example, that @ 
is the character before A and [ is the character following Z. 

There are several 
features in the GUI 
code for 
Program_8.5.1 that 
were not covered in 
Section 4. We do not 
expect you to learn 
these, but have 
included some 
explanatory 
comments in the 
source file in case you 
are interested. 

Figure 5.2 Output from Program_8.5.1 

5.3 A password-checking program


We complete this section by developing a more complex string-processing 
program, which makes use of character-processing functions to check the 
validity of a password chosen by the user. We do not expect you to be able 
to write a complete program of this complexity for yourself, but you should 
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be able to understand most of the functions used and the way we have 
combined them to form a working program. 

The particular rules that we have decided on for our password checker are 
as follows. 

1 The password should contain not less than four and not more than 
eight characters. 

2 The password should contain only alphanumeric characters. 

3 The password should always start with an alphabetic character. 

4 The password should always contain at least one digit. 

For each infringement of these rules we want to provide our users with a 
meaningful warning message indicating what is wrong with their current 
attempt at choosing a password. 

SAQ 5.1 

Rule 4 ensures that 
the user does not 
choose an everyday 
word that a hacker 
might discover by 
using a program to 
work systematically 
through an online 
dictionary. 

We can use the length property of String objects to check rule 1 
above. Which of our new functions can we use for the other rules? 

Answer to SAQ 5.1 3 

We can use isAlphaNumeric() to check rule 2, isAlpha() to check rule 3; 
and isNumeric() to check rule 4. 

When checking rules 1 and 3 we can consider the input string as a whole, 
whereas for rules 2 and 4 a loop is needed to inspect each character 
separately. 

Before looking at the required processing in more detail, we consider the 
overall structure of our program. First, we need to obtain the user’s chosen 
password. Then we need to test that it meets the four rules given above. If 
it fails any of these tests, we need to warn the user, and also to set a 
variable to indicate that there is a problem. If, having carried out all four 
tests, no infringements of the rules have been found, then we can inform 
the user that their password is acceptable. 

To indicate whether a chosen password conforms to the rules, we will use a 
Boolean variable, say errorFound, which we will initially set to false. If as a  
result of any of the tests, the proposed password is found to be invalid, then 
errorFound will be set to true. Here is a structured English algorithm for the 
processing required. 

initialise errorFound to false 

prompt user for chosen password and read it in 

if the length is not in the range four to eight 
warn the user 
set errorFound to true


end if

if not all characters are legal (i.e. they are not all alphanumeric)


warn the user

set errorFound to true


end if
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if the first character is not alphabetic


warn the user


set errorFound to true


end if 

if the password does not contain a digit


warn the user


set errorFound to true


end if 

if errorFound is false 

inform user that password is acceptable 

end if 

For each of the first four tests above we will write a separate function, as 
follows. 

checkLength() 
checkLegal() 
checkFirst() 
checkHasDigit() 

EXERCISE 5.3 

(a) Write down the code for the checkLength() function, which should 
take a string as argument and return true if the string is between 
four and eight characters long (inclusive), false otherwise. 

(b) Write down the code for the function checkFirst() which should 
take a string as argument and return true if its first character is 
alphabetic, false otherwise. 

Discussion 

(a)	 Here is our definition for checkLength(). 
function checkLength(aString) 
{ 

return (aString.length >= 4) && (aString.length <= 8)

}


Even for a very simple function such as this, there are a number of 
possible definitions. Here are two correct alternatives: 
function checkLength(aString)

{


return (aString.length > 3) && (aString.length < 9)

}


or: 
function checkLength(aString)

{


if ((aString.length >= 4) && (aString.length <= 8))

return true


else

return false


}
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(b)	 Here is our definition for checkFirst(). 
function checkFirst(aString) 
{ 

return isAlpha(aString.charAt(0))

}


The first letter in the string has index 0, and we can use the isAlpha() 
function to check its status and to return a Boolean result. 

The checkLegal() and checkHasDigit() functions are slightly more 
complex, as in both cases more than one character needs to be examined. 

In the case of checkLegal()potentially every character in the string needs 
to be checked to see whether it is legal, so a for loop is appropriate. To 
indicate the existence of an illegal character, we will use a similar pattern to 
the one employed in our main program algorithm – a Boolean variable. This 
is initially set to true. We then examine each of the individual characters in 
turn and if we find one that is not alphanumeric we set this variable to 
false. Here is our code. 

function checkLegal(aString) 
{ 

var	 result; 

result = true;

for (var position = 0; position < aString.length;


position = position + 1)

{


if (!isAlphaNumeric(aString.charAt(position))) 
{ 

result = false 
} 

}; 
return result 

} 

You may have noticed that we have declared the variable result inside the 
body of the function. Values such as this are said to be local to the function 
and are available only within the function in which they are declared. You 
will learn more about local variables in Unit 9. 

For the function checkHasDigit(), again potentially each character in the 
string has to be examined using a loop. However, only one digit is needed to 
make the string legal, so not all characters will necessarily need to be 
checked. As soon as a digit is found, the search stops. You may have 
spotted that it would have been more efficient to use this approach in 
checkLegal() as well, exiting the loop as soon as the first illegal character 
was found. 
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SAQ 5.2 

What kind of loop is appropriate for a situation when the search 
ends as soon as the controlling condition becomes false? 

Answer to SAQ 5.2 3 

A while loop is appropriate here. 

The program needs to iterate through the loop as long as a digit has not 
been found. But it also needs to stop if one has not been found when the 
end of the string is reached, so the while condition needs to test for both of 
these situations. 

There is one further potential complication. A digit in the first position 
(index 0) is illegal, so the search should start at the second character 
(index 1). Although there is a function to report on an illegal digit at index 0, 
it would be helpful to remind the user that they need to include a digit 
elsewhere in their password string. As with the checkLegal() function, we 
will use a Boolean variable to keep track of the result, but in this case the 
logic is reversed: we initialise it to false, only setting it to true if we find a 
digit. Here is an algorithm for the function in structured English. 

set result to false 

set position to 1 

while result is false AND position is less than the length of the string 

if the character at position is numeric


set result to true


else


set position to position + 1


end if


end while


return result


EXERCISE 5.4 

See if you can write down the function definition for 
checkHasDigit(). (Do not spend too long on this because the code is 
quite tricky.) 

Discussion 

Here is our code: 

function checkHasDigit(aString) 
{ 

var result; // will be set to true if a digit is found 
var position; // position of character in string 
result = false; 
position = 1; 

75 



Unit 8 Programs and data 

// loop while digit not found and there are more characters to check 
while ((result == false) && (position < aString.length)) 
{ 

if (isNumeric(aString.charAt(position)))

{


result = true 
}

else

{


// move to next position

position = position + 1


}

}

return result


} 

Finally, we have put all four checking functions together as a single function 
named doChecks(), which takes as its argument the password string to be 
checked. 

Here is our code for the function, which, with the exception of obtaining the 
input from the user, implements the structured English algorithm given near 
the beginning of this subsection. Note how the function argument for 
doChecks() is passed to other functions within the body of the doChecks() 
function. 

function doChecks(password)

/* checks that a password conforms to a specified format */

{ 

var errorFound; 
errorFound = false; 

if (!checkLength(password))

{


errorFound = true;

window.alert('length not in range (4-8)')


};


if (!checkLegal(password))

{


errorFound = true; 
window.alert('illegal characters in password (must all be 
alphanumeric)') 

}; 

if (!checkFirst(password))

{


errorFound = true;

window.alert('first character must be alphabetic')


};
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if (!checkHasDigit(password)) 
{ 

errorFound = true; 
window.alert('must contain at least one digit (but not the 
first character)') 

}; 
if (!errorFound)

{


window.alert('password accepted') 
} 

} 

SAQ 5.3 

What would be the outputs from the checker if someone typed in 
the password ‘&7passwwd’? 

Answer to SAQ 5.3 3 

There would be messages indicating that the string does not have the 
correct number of characters, has illegal characters, and that the first 
character is not alphabetic. 

ACTIVITY 5.2 

We have implemented two versions of this program. The first, 
Program_8.5.2, has an interface based on dialogue boxes; the 
second, Program_8.5.3, has an event-driven interface. Run both 
programs with a variety of inputs. 

Study the code for both programs and note in particular the method 
used in each to provide the user with the opportunity to enter a 
number of attempts. 

Discussion 

You will see that in the first version, the main processing activity needs to 
be enclosed in a while loop to allow the user to keep entering a new 
password string until they choose something acceptable. It was also 
necessary to make a slight modification to the doChecks() function, 
enabling it to return a value to the calling program. In the event-driven 
version the event handler takes care of this aspect of the program. 

5.4 Summary


In this section we built on your study of strings in Unit 7. We introduced you 
to some additional methods provided by the JavaScript String object and 
wrote a number of our own character-processing functions. We used these 
in building a program for validating a user’s choice of password. 
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6 Unit summary 

In this unit we introduced you to two important new concepts in 
programming. You learned about the array as a simple example of a data 
structure and about functions as a way of dealing with complexity in your 
code and facilitating its reuse. You learned a little about event-driven 
programming and explored some of the simple facilities provided by 
JavaScript for building graphical user interfaces. Finally you built on your 
knowledge of strings from Unit 7 and applied this to writing some string-
processing functions and using them in a program. 

6.1 Learning outcomes


Having studied this unit, you should have achieved the following learning 
outcomes. 

n Understand the nature of the array as a data structure and describe 
situations in which it is useful. (SAQs 2.1, 2.2, 2.3) 

n Read and write simple programs in JavaScript to put data values into an 
array and to write out data values from an array. (Exercises 2.1, 2.2; 
Activities 2.1, 2.2, 2.3, 2.4, 2.5) 

n Read and write simple programs in JavaScript to process the data in an 
array using a for loop. (SAQ 2.5; Exercise 2.3; Activities 2.2, 2.3, 2.4, 
2.5, 2.6, 2.7, 2.8) 

n Appreciate the benefits of writing down your problem solution in 
structured English before attempting to program it in any particular 
language. (SAQ 2.5; Activity 2.4) 

n Appreciate the benefits of laying out your program results in ways 
which are helpful to users. (Exercises 2.3, 2.4; Activities 2.7, 2.8, 2.9) 

n Understand and use functions as a way of ‘wrapping up’ the program 
code that solves a small, simple problem, allowing it to be reused. 
(Activities 3.1, 3.2, 3.3, 3.4, 3.5, 3.6, 3.7, 3.8) 

n Understand and use function arguments as a way of generalising the 
role of a function to solve a group of problems that have a similar, but 
not identical, pattern of behaviour. (SAQs 3.1, 3.3; Activities 3.3, 3.4, 
3.5, 3.6, 3.7, 3.8) 

n Read and write the code to implement simple examples of functions in 
JavaScript. (Exercise 3.2; Activities 3.2, 3.3, 3.4, 3.5, 3.6, 3.7, 3.8) 
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n	 Describe how JavaScript uses HTML to allow programmers to create 
GUIs and discuss why functions are a good mechanism for creating the 
code for event handlers. (SAQs 4.1, 4.2; Exercise 4.4; Activities 4.2, 
4.3, 4.4, 4.6) 

n	 Read and write JavaScript code to create simple GUIs and their 
associated event handlers. (Exercises 4.1, 4.2, 4.3, 4.4; Activities 4.1, 
4.2, 4.3, 4.4, 4.5, 4.6) 

n	 Begin to appreciate the way that code written to handle patterns in 
data processing, such as the units conversion pattern, can be reused 
with minor modifications. (Activity 4.6) 

n	 Read and write JavaScript code for functions that make use of built-in 
String methods to extend the range of operations that can be carried 
out on strings. (Exercises 5.3, 5.4) 

n	 Read and understand programs built to enable more complex 
operations to be carried out on strings, such as the password-checking 
program. (SAQs 5.2, 5.3; Exercises 5.2, 5.3, 5.4; Activity 5.2) 
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Key terms 

You should be able to define the following terms in your own words. 

abstraction (in programming)


algorithm


argument (of function)


array


body (of function)


button (GUI component)


call (function)


collection (of data)


component (of GUI)


data structure


element (of an array)


event (in programming)


event-driven model


event handler


function (in programming)


graphical user interface (GUI)


header (of function)


increment


index (of array)


invocation (of function)


NaN


nesting (of function calls)


parameter(of function)


pattern (in programming)


procedure


return value


reuse (of code)


String


structured data


structured English


subscript (of array)


subtask


undefined (in programming)


zero-based indexing
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