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Loops and arrays

In this chapter we will examine arrays, and the ways that they can be used in combination with loop
structures to process data in programs.

The first project is a scientific application:

Monitoring of the level of pollutants in a river is carried out at regular intervals.
A program is required which will:

e inupt the number of readings collected
e input each of the readings and store these for processing.

The program should then output:
e alist of the readings
e the mean of the readings
e the maximum and minimum values recorded.

In this program we will need to store readings which are entered. To do this, variables will be
required. We could set up individual variables for each reading, as we have done in previous
programs:

int readingl;

int reading 2;

int readfing3; etc...
However, this would be very tedious, and probably impossible if there was a very large number of
readings. A better approach is to use an array. This acts like a series of numbered storage boxes.
The whole array is given a name, and each individual box, or element, is given an index number.
Arrays in Java always begin with element 0:

reading

| | | | | | | | |

reading[0] reading[1] reading[2] reading[3] reading[4] reading[5] @ ...... reading[N]

We set up the array with a line of program such as:
int[ ] reading = new int[100];

In this case, we have specified that the array should have elements for storing integer whole
numbers, it is to be called "reading", and it is to have 100 elements (which will be numbered 0 to
99).

A design for the program is given in the flowchart on the next page.
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Close all projects, then set up a New Project. Give this the name waterQuality, and ensure that the
Create Main Class option is not selected.

Return to the NetBeans editing page. Right-click on the waterQuality project, and select New /
JFrame Form. Give the Class Name as waterQuality,and the Package as waterQualityPackage:

¥ New JFrame Form “
Steps Mame and Location
L. Choose File Type Class Mame: | waterQuality

2. MName and Location

Project: waterQuality
Location: Source Packages W
Package: waterQualityPackage ]

Created File: |C:\Java programs\waterQuality\src\waterQualityPackage waterQuality java

Click the Finish button to return to the NetBeans editing screen.

e Right-click on the form, and select Set layout / Absolute layout.

e Go to the Properties window on the bottom right of the screen and click the Code tab.
Select the option: Form Size Policy / Generate pack() / Generate Resize code.

e C(Click the Source tab above the design window to open the program code. Locate the main
method. Use the +icon to open the program lines and change the parameter “Nimbus” to
“Windows" .

Run the program and accept the main class which is offered. Check that a blank window appears
and has the correct size and colour scheme. Close the program and return to the editing screen.
Click the Design tab to move to the form layout view.

Locate the Spinner component in the palette, and drag and drop this on the form. Rename the
component as spinReadings. Add a label with the caption "Number of readings", and a button with
the caption "Enter data". Rename the button as btnStart.

[™Layered Fane

- Swing Controls
Mumber of readings o g2 Enter data lebel Label
E- Check Box
) Rename Ex (=] Combo Box
' [1%] Text Area

New Mame: spinReadings [ Progress Bar

| | Editor Pane
-| Swing Menus

File Menu Bar

OK Cancel
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Locate the Panel component in the palette, and drag and drop this on the form. Right-click on the

panel and select Layout / Absolute Layout.
e Rename the panel as pnlinput.

e Add a label to the panel and rename this as IblIEnterReading. (The caption for this label will
be set by the program when it runs, so the default text for the label need not be changed.)
e Add a text field with the name txtReading, and a button with the name btnEnter.

StartPage X |[cf} waterQuality.java x|

v @

Palette X |

Source | Design ] Histaory ||h%_ﬁ E| Eé&ﬂunﬂﬁﬁ | g 8

) Use the context menu to access available useful actions for the selected components.

|| ing Containers
|:| Panel '

[C Tool Bar

Number of readings | g |2 Enter data

IblEnterReading oK

(9] Rename

Mew Name: pnilnput

[%] Layered Pane
1= Swing Controls
el Label

lel— Check Box

[I=] Combo Box

Iti| Text Area

=1 Progress Bar
(12 Spinner

[£] Editor Pane

-] Swing Menus

Mo s B-n

Select the panel and locate the border row in the property window. Click in the right hand column

to open the border style window, and select Bevel Border:

1 Progress Bar [7-] Formatted Field [] Password Field [[2
| separator [T] Text Pane [] Editor Pane o
OK
[=] Table
=/ Swing Menus
nllnput [JPanel] - border | x | :
o P P D I] [File. Menu Bar [i] Menu
Set pnlInput's border property using:  Border customizer w I—l Menu Item ||=|'| Menu Item [ CheckB
[w-| Menu Item / RadioButton l_}J Popup Menu
Available Borders
- |- Swing Windows
SmpounG Doroe [ nialna [==] Erama =1 rnlor Chonser 3]
Empty Border pnlinput [JPanel] - Properties X |
Etched Border [ | i
Properties |  Binding Events Code
[ Line Border = —
B3 matte Border = Properties
) SoftBevel Border _background [] [240,240,240]
(] Titled Border (N [T )
Toreground |_UAAY) ]

Click the Source tab to open the code window. We will first set up an array to store the readings,
allowing for a maximum of 100 integer values to be entered. Add variables to record the total
number of readings to be entered, and a count of the number of readings entered so far. We will set

the input panel to not be visible when the program first runs:

int[] pollutant =
int totalReadings;
int count;

new int[100];

public waterQuality() {
initComponents();

(pnlInput.setVisible(false); )

public class waterQuality extends javax.swing.JFrame {
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Click the Design tab to return to the form, then double click the "Enter data" button alongside the
spin component to create a method. Add lines of code to the method which will:

e collect the number of readings from the spin component

e make the input panel visible

e initialise the count of readings entered to 1

o set the label text on the panel to display the number of the reading which is currently being
entered.

private void btnStartActionPerformed(java.awt.event.ActionEvent evt) {

totalReadings=(Integer) spinReadings.getValue();
pnlInput.setVisible(true);

count=1;

lblEnterReading.setText("Enter reading "+ Integer.toString(count));

Run the program. Set the number of readings using the spin component, then click the 'Enter data'
button. Check that the panel appears, the caption 'Enter reading 1' is displayed, and a value can be
entered in the text field. You may need to adjust the size of the label and text field.

_— ]
Ii‘

Number of readings | 5|2 Enter data

Enter reading 1 122 oK

Close the program and return to the editing screen. Click the Design tab to go to the form, then
double click the OK button to create a method. Add code which will:

e collect the value which has been entered in the text field, and store it in the array,

e increase the count of readings by one,

e if all the data has not yet been entered, then change the label caption to display the number
of the current reading:

private void btnEnterActionPerformed(java.awt.event.ActionEvent evt) {

4 _ . . )
pollutant[count]=Integer.parseInt(txtReading.getText());
txtReading.setText("");
count++;
if (count<= totalReadings)

lblEnterReading.setText("Enter reading "+ Integer.toString(count));
}
- J
}
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We must now consider what will happen when data entry is completed. The specification asks for
the readings to be displayed in a list, along with the mean, maximum and minimum values. To do
this we will add another panel to the form. Click the Design tab to move to the form layout view,
then drag and drop a Panel component below the input panel. Rename the panel as pnlOutput.
Go to the border property line and select Bevel Border.

Add a text area to the panel and name this as txtOutput:

Number of readings  [g|-=

IblEnterReading

Enter data

OK

) Rename

\akel Label Button [GH] Toggle Button
@— Radio Button 8: Button Group  [[=] Combo Box
[ Text Field Text Area BET Scroll Bar

[ Progress Bar Formatted Field [--] Password Field
|—| Separator Text Pane Editor Pane
[=] Table

=] Swing Menus

[Fite. Menu Bar Menu

| Menu Ttem |57 Menu Ttem / Che
|w—| Menu Item / RadioButton Popup Menu
|—| Separator

=l Swing Windows

[ nialon [==] Frame =1 rolor rhonser

pnlQutput [JPanel] - Properties X |

Properties |  Binding

[=| Properties
background

Events

Code

O [240,240,240)

border

[BevelBorder] )

New Name: |pniOutput]

QK

Cancel

foreground

toolMipText

|=I Other Properties
UiClas=ID

alignmentx

alignmenty”

autoscrolls
baselineResizeBehavior
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cursor
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MOutnut [ 1Danall

W [0.0,0]
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0.0

0.0

|

OTHER
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Default Cursor
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It would be best if this panel is not visible when the program begins. Click the Source tab to open
the program code window. Locate the waterQuality( ) method, and add a line to set the visible

property for the panel to false:

public waterQuality() {
initComponents();

pnlInput.setVisible(false);

( pnlOutput.setVisible(false);

Locate the btnEnterActionPerformed method which you began to develop earlier. We can now add
lines of program code which will operate when the user enters the final reading. These lines of code

will:

e make the input panel close and the output panel appear,

o define a string variable 's' which will be used to display the output text,
e use aloop to collect each of the readings from the pollutant[ | array and add it to s, so that

they will be displayed in the output list.
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Add the ELSE... block to the method:

private void btnEnterActionPerformed(java.awt.event.ActionEvent evt) {
pollutant[count]=Integer.parselnt(txtReading.getText());
txtReading.setText("");
count++;
if (count<= totalReadings)

lblEnterReading.setText("Enter reading "+ Integer.toString(count));

}
else )
{
pnlInput.setVisible(false);
pnlOutput.setVisible(true);
String s="";
s+="Readings: \n";
for (int i=1; i<=totalReadings; i++)
{
s+=" "+ Integer.toString(pollutant[i])+"\n";
}
txtOutput.setText(s);
}
\. J

Run the program. Set the number of readings which will be entered, then click the "Enter data"
button. The input panel should appear, prompting you to enter each of the readings in turn.

When the correct number of readings have been entered, the output panel should open and display
a list of the readings:

_ )

1k

Number of readings |5/ Enter data

Readings:
122
126
115
121
116
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Close the program and return to the Source code editing window.

Notice the structure of the loop control line:
for (inti = 1; i <= totalReadings; i++)
This is made up of three parts, separated by semi-colons. The first part:
inti=1;

defines a local variable i which will be used as a counter while the loop is repeating.
We are giving this variable an initial value of 1.

The next part:
i <= totalReadings;

tells the computer to keep repeating the loop as long as the value of i is less than or
equal to the variable totalReadings. This will make the loop repeat for the correct
number of data entries.

The final section:
i++
tells the computer to add 1 to i each time around the loop.

The next requirement of the program is to calculate the mean of the readings. This requires us to
make a total of the values entered, then divide by the number of readings. The total can be
calculated within the loop.

Add the lines of code to calculate and display the mean, using an accuracy of one decimal place:

else

{
pnlInput.setVisible(false);
pnlOutput.setVisible(true);

String s="";
s+="Readings: \n";
double sum=0;
double mean;
for (int i=1; i<=totalReadings; i++)
{
s+=" "+ Integer.toString(pollutant[i])+"\n";
(:sum += pollutant[i]; ]
}

mean = sum/totalReadings;
s+="Mean: "+String.format("%.1f",mean)+"\n";

txtOutput.setText(s);
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Run the program and check that the mean of a series of readings is calculated correctly:

Number of readings | 5|2 Enter data

Readings:
1zz
126
115
121
116
Mean: 120.0

The final requirement of the program was to find and display the maximum and minimum of the

values. To do this, we can again make use of the loop which checks each of the values in the
pollutant[ ] array.

| 122 | 126 | 115 [ 121 | 116 |
reading[1] reading[2] reading[3] reading[4] reading[5]

Maximum 122
Minimum 122

A strategy we can use is to begin be assuming the first array element contains the maximum and
minimum value for the data set. The loop then checks each of the array elements in turn:

e If a higher value is found, this becomes the new maximum.
e If alower value is found, this becomes the new minimum.

| 122 | 126 | 115 | 121 | 116 |
reading[1] reading[2] reading[3] reading[4] reading[5]

Maximum 122 —» 126

126
Minimum 122 » 115 > 115

v
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Add lines of program code to initialise the maximum and minimum to the first array value, then
carry out updates when necessary as the loop checks each array element:

s+="Readings: \n";
double sum=0;
double mean;

int max=pollutant[1];
int min=pollutant[1];
for (int i=1; i<=totalReadings; i++)
{
s+=" "+ Integer.toString(pollutant[i])+"\n";
sum += pollutant[i];
. . )
if (pollutant[i]>max)
{
max=pollutant[i];
}
if (pollutant[i]<min)
min=pollutant[i];
}
- J

}

mean = sum/totalReadings;
s+="Mean: "+String.format("%.1f",mean)+"\n";

s+="Maximum: "+Integer.toString(max)+"\n";
s+="Minimum: "+Integer.toString(min)+"\n";

txtOutput.setText(s);

Run the program. Enter a set of test data and check that the maximum and minimum values are
displayed correctly.

“oEEN

s

Mumber of readings | 5% Enter data

Readings:
122
126
115
121
116
Mean: 120.0
Maximum: 126
Minimum: 115
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In the next program we will again make use of a loop and arrays, this time to produce a railway
timetable:

Masll

7

A railway service runs along the coast of
Cardigan Bay from Machynlleth to Pwllheli.
A program is required which will produce a
timetable for the journey.

The program should input the departure
time from Machynlleth, then display the
arrival times for other principal stations

along the route.

Bug roule conipin aaye oty

e Ragenal Raitnays

Amaythig L She

Journey times between stations, including stops, are given below:

26 min 27 min 22 min 19 min 24 min
Machynlleth Tywyn Barmouth Harlech Porthmadog Pwllheli

It will be convenient to store the journey times between stations in an array, so that a loop can be
used to generate the timetable. A design for the program is given on the next page.

Close all projects, then set up a New Project. Give this the name timetable, and ensure that the
Create Main Class option is not selected.

Click the Finish button to return to the NetBeans editing page. Right-click on the timetable project,
and select New / JFrame Form. Give the Class Name as timetable, and the Package as
timetablePackage. Click the Finish button to return to the NetBeans editing screen.

e Right-click on the form, and select Set layout / Absolute layout.

e Go to the Properties window on the bottom right of the screen and click the Code tab.
Select the option: Form Size Policy / Generate pack() / Generate Resize code.

e Click the Source tab above the design window to open the program code. Locate the main
method. Use the + icon to open the program lines and change the parameter “Nimbus” to
“Windows”.

Run the program and accept the main class which is offered. Check that a blank window appears
and has the correct size and colour scheme. Close the program and return to the editing screen.
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It will be helpful to users to see the route map for the journey, so we will display this as a picture
image. Go to the Projects window and use the + icons to open the timetable project folders until
you reach timetablePackage. Right-click on timetablePackage and select New / Java Package. Set
the Package Name to timetablePackage.resources:

Steps Hame and Location
1. Choose File Type ( Package Mame: | timetablePackage.resources )
2. HName and Location ckag
Project: | timetable
Location: Source Packages v

Created Folder: :C:‘Llava programs\timetable \src\time tablePackage resources

Before continuing, obtain or create a route map similar to the one shown above in the program
specification. Use a graphics application such as Photoshop or Paint to set the width of the image
to approximately 400 pixels.

Go to the NetBeans Design screen, and drag and drop a label component on the form. Locate the
icon property, and click the ellipsis (" ... ") symbol to open the image selection window. Use the
Import to Project button to upload the route map. Ensure that the name of this image appears as
the File selected and click the OK button.

1 Progress Bar Formatted Field [==T Password Field
[1%] Spinner |—| Separator Text Pane
Set jLabel5's icon property using: |Image chooser Editor Pane Tree E Table
=) Swing Menus
(®) Image Within Project [File Menu Bar EMeru
Package: | [ timetablePackage.resources [ enu Ttem [ Menu Ttem / checkBox
'E‘ Menu Item / RadioButton Q Popup Menu
( File: |ROUTES. jpg o
() External Image iLabel5 [JLabel] - Properties X |
) | Properties | Binding Events Code
File or URL: | -
[=| Properties
background [ [240,240,240] |:|
dizplayediMnemonic |:|
() No Image font Tahoma 11 Plain [
Hanilie & foreground W [0,0,0 D
|horizontalalgnment LEADING >
icon - D )
labelFor <None > w .
text jLabels [
tooMipText [
wvertical&lignment CENTER. hd |:|
[=| Other Properties
UlClassID Labell [
alignmenty 0.0 [
i v n.5 [
£
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The image should appear on the form. Delete the caption for the label.

Add further labels 'Departure time from Machynlleth', 'Hours' and 'Minutes', along with two text
fields for entering the departure hours and minutes from the first station, Machynlleth. Rename the
text fields as txtHours and txtMinutes. Also add a button with the caption "show timetable".

Rename the button as btnTimetable:

Naailie

b y
BEDDGELERTL
i ¢

'BLAENAU
FFESTINIOG

G

2 Mair Bus Rioute {at lea
— days par woe

— Gy rOul0 CEAIN S3YE SOl

mmmmm Regonal Raitwys Amwwythig ¢ Ghe

Hours

Departure time from Machynlieth

Minutes

show timetable

Run the program and check that the form is displayed correctly. Close the program window and

return to the NetBeans editing screen.

To display the timetable, it will be convenient to use a table component. Locate Table in the
palette, and drag and drop this below the 'show timetable' button. Right-click on the table and

rename this as tbiTrainTimes:

- [T Progress Bar [-=r] Formatted Field [=TPassword Fig
RIEA [1#] Spinner |—| Separator Text Pane
i Editor Pane Tree ( [ElTabe
Hours Minutes B

= Swing Menus

B4 =l
[File Menu Bar Menu
[=] Menu Ttem 55| Menu Ttem / CheckBox

pLad show timetable
'@‘ Menu Item [ RadioButton Popup Menu

i M —

\.ﬂtou—.'w [Table1 [JTable] - Properties X |

Title 1 Title 2 Title 3 Title 4 Binding Events Code

erletonni = Properties
autoCreateColumnsFromiModel
autoCreateRowSorter |:|

LLETH background [0 [255,255,255)

o Rename border (Mo Border) .

font Tahoma 11 Plain

Amrwytnig | She Mew Name: |tbiTrainTimes || foreground . 0.0.0

C model [TableModel] )
toolMipText
(0]4 Cancel (=] Other Properties

UIClas=ID Tahlell

To set up the correct columns for the table, we will edit the model property. Click on [TableModel]

to open an editing window.
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At the bottom of the editing window, set the number of Rows to 6, and the number of Columns to 3.

You should now specify the data for the table:
e The first column will display the names of the stations along the route, so contains String
data. A headingis not needed.
e The second column contains the hours value of the train time. This will be an integer
whole number. A heading "Hours" should be displayed above this column.
e The third column contains the minutes value of the train time. This will again be an
integer. A heading "Mins" should be displayed:

Set thiTrainTimes's model property using: Table model customizer

Table Model
Table Settings | Default Values|
Specify Title and Column Types Here:

Title Insert

Delete

Hours
Mins

Mowve Up

[<][<][<]

Mowve Down

Click the OK button to return to the editing screen. The table should now have the correct numbers
of columns and rows, and should display headings for the hours and minutes columns:

v
iakel Label Button [Ch] Toggle Button
E— Check Box &= Radio Button 2: Button Group
Departure time from Machynleth [I=] Combo Box @ List [] Text Field
Text Area EEL Scroll Bar i1 Slider
[ Progress Bar Formatted Field  [=-] Password Field
[I%] Spinner | separator Text Pane
) Editor Pane Tree [ Table
R R — s
=
[Fite. Menu Bar Menu
- ':| Menu Ttem '@‘ Menu Item [ CheckBox
show timetable
|&=| Menu Ttem [ RadioButton [E¢ Popup Menu
tbiTrainTimes [JTable] - Properties * |
. . . Properties |  Binding Events Code
Hours Mins = Properties
autoCreateColumnsFromilodel D
autoCreateRowSorter ] D
= = background [ [255,255,255] |:|
border (Mo Border) |:|
font Tahoma 12 Plain [
foreground W [0,00] |:|
& ) d model [TableModel] ]
oo TinTaut [
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Click the Source tab to open the program code window. We will now set up the list of stations in the
table, and create an array holding the journey times between station stops.

At the start of the timetable class, we will add definitions for the journey array, and integer
variables to hold the departure time in hours and minutes for the journey.

We go next to the timetable( ) method. This is the first method to run when the program is
launched, so it is a good place to initialise the properties or variables which will be needed later
in the program.

The first block of lines, such as:

tbITrainTimes.getModel().setValueAt("Barmouth",2,0);
will put the names of the stations into the table. The columns and rows are numbered,
beginning at zero in the top left corner of the table. The station name 'Barmouth' will be
displayed on row 2, in column 0.

The second block of lines such as:

journey[1]=26;
will load the journey times into the correct elements of the journey array. In this case, the
journey time for the first leg of the journey, from Machynlleth to Tywyn, is being set to 26
minutes.

package timetablePackage;

( import javax.swing.JOptionPane; )

public class timetable extends javax.swing.JFrame {

int[] journey=new int[6];
int starthours, startminutes;

public timetable() {
initComponents();

/,>tblTrainTimes.getModel().setValueAt("Machynlleth“,e,e); ‘\\
tblTrainTimes.getModel().setValueAt("Tywyn",1,0);
tblTrainTimes.getModel().setValueAt("Barmouth",2,0);
tblTrainTimes.getModel().setValueAt("Harlech",3,0);
tblTrainTimes.getModel().setValueAt("Porthmadog",4,0);
tblTrainTimes.getModel().setValueAt("Pwllheli",5,0);

journey[1]=26;
journey[2]=27;
journey[3]=22;
journey[4]=19;

\ journey[5]=24; /

}

Run the program and check that the station names are displayed correctly in the table:

Hours Mins

Machynlleth
Tywyn
Barrnouth
Harlech
Porthmadog
Pwilheli
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Close the program window to return to the NetBeans editing screen. Click the Design tab to move to
the form layout view. Double click the "show timetable" button to create a method.

The first stage in producing the timetable is to obtain the departure time of the train service entered
by the user. Add lines of program code to read the hour and minute values from the text fields. If
either of the text fields has been left blank, then the corresponding variable will be set to zero.

We should also allow for an incorrect entry, so a TRY...CATCH block has been set up to display an
error message box:

private void btnTimetableActionPerformed(java.awt.event.ActionEvent evt) {
/'String s; )
int hours, minutes;
try
{
if (txtMinutes.getText().equals(""))
¢ startminutes=0;
}
else
{
s= txtMinutes.getText();
startminutes= Integer.parselnt(s);
}
if (txtHours.getText().equals(""))
¢ starthours=0;
}
else
{
s= txtHours.getText();
starthours= Integer.parselnt(s);
}
}
catch(NumberFormatException e)
{ JOptionPane.showMessageDialog(timetable.this,"Incorrect number format");
}
}\ J

Run the program. Enter correct values for departure hours and minutes, and check that these are
accepted by the program. If a value is entered in an incorrect format, an error message should be
displayed when the 'show timetable' button is clicked:

Departure time from Machynlleth

Hours | gg Minutes  |1x

show timetable

Message

i 3 [ |
oy | Conrs B Acorieon 0.' Incorrect number format

&
iy e il A -
bl \. PooK

by
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Close the program and return to the NetBeans editing screen. We will add program code to the
button click method.

e We will begin by carrying out range checks on the departure hours and minutes with the
lines:
if (hours>=0 && hours<=23)...
if (minutes>=0 && minutes<=59)...
The timetable should not be displayed if either of these values is outside the allowed range.

e If the hour and minute entries are valid, the program displays the departure time from the
first station, Machynlleth, on the top line of the table
tbiTrainTimes.getModel().setValueAt(hours,0,1);
tbITrainTimes.getModel().setValueAt(minutes,0,2);

if (txtHours.getText().equals(""))

{

starthours=0;
}
else
{

s= txtHours.getText();

starthours= Integer.parselnt(s);
}

~N

hours=starthours;
minutes=startminutes;
if (hours>=0 && hours<=23)
{

if (minutes>=0 && minutes<=59)

{

tblTrainTimes.getModel().setValueAt(hours,0,1);
tblTrainTimes.getModel().setValueAt(minutes,0,2);

}

}
- J

Run the program. Check that valid departure times are accepted by the program and displayed in
the table, but hour or minute values which are out of range are not displayed:

Hours 12 Minutes 34

Hours Mins

Machynlleth 12 34
Tywryn
Barmouth
Harlech
Porthmadog
Pwihel

Close the program and return to the button click method on the source code screen.
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We will now add a loop which operates five times to display the times for the remaining five
stations. Each time around the loop, the program collects the journey time from the corresponding
array element. This is added to the current minute value.

If the minute total now exceeds 59, the hour must be increased by one, and sixty minutes removed
from the current minute total. For example: if a train departs at 9 hours 50 minutes, a journey time
of 26 minutes will take the minute total to 76 minutes, but the time should actually become

10 hours 16 minutes:

if (hours>=0 && hours<=23)
{
if (minutes>=0 && minutes<=59)
{
tblTrainTimes.getModel().setValueAt(hours,0,1);
tblTrainTimes.getModel().setValueAt(minutes,9,2);
4 for (int i=1; i<=5; i++) A
{
minutes += journey[i];
if (minutes>59)
{
minutes -=60;
hours ++;
}
tblTrainTimes.getModel().setValueAt(hours,i,1);
tblTrainTimes.getModel().setValueAt(minutes,i,2);
}
- J
}
}
}

Notice the structure of the loop control line:
for(inti=1; i<=5; i++)
This has three parts, separated by semi-colons. The first part:
inti=1;

defines a local variable i which will be used as a counter while the loop is repeating. We are giving
this variable an initial value of 1.

The next part:
i<=5;

tells the computer to keep repeating the loop as long as the value of i is less than or equal to 5.
After that, the loop will end.

The final section:
i++
tells the computer to add 1 to i each time around the loop.
You will see in other programs that loop control structures in Java are very flexible. For example:

for (int year = 1990; year <= 2050; year = year + 10)

would create year values from 1990 to 2050, increasing in steps of 10 years each time around the
loop.
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Run the program. Enter a variety of departure times and check that the correct times are displayed
in the table for each of the stations. The hour should be incremented correctly where necessary
during the journey.

Departure time from Machynleth

Hours 11 Minutes 48

Hours Mins
Machynleth 11 48|
Tywyn 12 14
R o Qs R (o east & Barmouth 12 41
Harlech 13 3
Porthmadog 13 22
Pwiheli 13 46

You may discover that one small problem still remains: if a train departs shortly before midnight,
arrival times after midnight will show an incorrect hour.

Close the program and return to the button click method. We will add lines of code to correct the
hour value if this exceeds 23:

for (int i=1; i<=5; i++)
{
minutes += journey[i];
if (minutes>59)
{
minutes -=60;
hours ++;

}

if (hours»>23)
{

}

hours =0;

tblTrainTimes.getModel().setValueAt(hours,i,1);
tblTrainTimes.getModel().setValueAt(minutes,i,2);

Run the completed program and check that journeys extending over midnight are timetabled
correctly:

Hours Mins
Machynllieth 22 30
Tywyn 22 56
Barmouth 23 23
Harlech 23 45
Porthmadog 1] 4
Pwihel 0 28




Chapter 5: Loops and arrays 137

The next program again involves the input and processing of data using arrays and loops:

A bus company carries out a survey of the bus services departing from a town centre.
The objective is to compare the numbers of passengers travelling at different times of
the day, and to identify heavily used services. A program is required to analyse the data
collected. The program should input

e the number of buses surveyed
then for each bus:

e the departure time - hours
e the departure time - minutes
e the service number

e the number of passengers

The program should output:

e the average numbers of passengers travelling during each part of the day:
Morning before 12:00 noon
Afternoon 12:00 noon —5:00pm
Evening after 5:00pm
e alist all services with over 30 passengers, giving the departure time and service
number.

From the specification, we can see that four pieces of information need to be entered for each bus,
two integer numbers for the departure time in hours and minutes, a string for the service number
(which could possibly include a letter, such as 38B), and an integer to record the number of
passengers. A convenient way to store this data will be in four parallel arrays:

| 9 || 1 || 13 | 1w | . |
hours[1] hours [2] | hours[3] hours [4]

| 2 [ 15 || & | o | . |
mins[1] mins [2] mins [3] mins [4]
| 38 || s || 2ax | 38 | .. |

service[1]| service[2] |[service[3] service[4]

| 38 || 26 || 19 | 3 | . |
pass[1] pass([2] pass|[3] pass[4]

Array elements with the same index number refer to the same event. For example, the elements
with the index value of 2 show service $16 departing at 11:15 had 26 passengers.

A design for the program is given on the next pages.
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enter number of buses surveyed

count=1

count =count+1
A

»
»

enter departure time
hours[count], mins[count]

enter service[count]

enter passengers[count]

Y another

bus?

N

count=1

initialise bus counts and passenger totals to zero

count=count +1

A

\ 4

time
<12:00?

v

add 1 to morning bus count

\

time add passengers[count] to

\4

add 1 to evening bus count

add passengers[count] to
evening passenger total

>17:00?

morning passenger total

add 1 to afternoon bus count

add passengers[count] to
afternoon passenger total

\ 4
A

Y another

bus?

N

O,
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®

morning mean =
morning passenger total / morning bus count

afternoon mean =
afternoon passenger total / afternoon bus count

evening mean =
evening passenger total / evening bus count

display morning, afternoon and evening means

count=1
Y
passengers[count]
Sre l
N output time
count=count+1 output service number

| |

another
bus?

Close all projects, then set up a New Project. Give this the name busSurvey, and ensure that the
Create Main Class option is not selected. Click Finish to return to the NetBeans editing screen.

Right-click on the busSurvey project, and select New / JFrame Form. Give the Class Name as
busSurvey,and the Package as busSurveyPackage. Click Finish to return to the NetBeans editing
screen.
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e Right-click on the form, and select Set layout / Absolute layout.

e Go to the Properties window on the bottom right of the screen and click the Code tab.
Select the option: Form Size Policy / Generate pack() / Generate Resize code.

e C(Click the Source tab above the design window to open the program code. Locate the main
method. Use the + icon to open the program lines and change the parameter “Nimbus” to

“Windows” .

Run the program and accept the main class which is offered. Check that a blank window appears
and has the correct size and colour scheme. Close the program and return to the editing screen.

We will begin by setting up the arrays needed to store the survey data. Click the Source tab to open
the program code page, then add the arrays and a busCount variable near the start of the program.

public class busSurvey extends javax.swing.JFrame {

int[] hours=new int[100];

int[] mins=new int[100];

String[] service=new String[100];
int[] passengers=new int[100];
int busCount;

public busSurvey() {
initComponents();

}

Return to the Design screen. Add a Panel component to the form, and set the border property to
BevelBorder. Rename the panel as pniBusCount. Right-click on the panel and select Layout /

Absolute Layout.

Add a Label and Spinner component to the panel. Set the text of the label to "Number of buses
surveyed", and rename the spinner as spinBusCount. Widen the spinner to allow for multiple digits.

StartPage X Eﬂ,busﬁurve\r.java Xl

Source | Design | History | = E‘| B o ¥ Un 2 | - §

Q Select the root node in Mavigator to access various useful settings of the form (in Properties).

Mumber of buses surveyed ols

When the user has specified the number of buses surveyed, the input of survey results can

begin.
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In previous programs we have entered data by means of text boxes, but there would be
advantages in this case if a table similar to a spreadsheet was provided for data entry. This will
allow the user to easily check the entries and correct any errors before the data is analysed.

Add another panel to the form, renaming this as pniITable. Set the border property to
BevelBorder. Drag and drop a Table component on the panel, renaming the table as tb/Buses.

Mumber of buses surveyed h] El
O e ]
Title 1 Title 2 Tite 3 Title 4
= ]
™! u "]

Locate the model property for the table, and click in the right hand column to open the editing
window. Set the numbers of rows and columns to 4. Add titles and data types for each of the
columns:

Depart hour Integer
Depart min Integer
Service no String
Passengers Integer
[I=] Spinner [ separator [T]Tex
Editor Pane Tree [ Taly
Set thlBuses's model property using: |Tab|e model customizer =l Swing Menus
[Fite. Menu Bar Menu
Table Model ':| Menu Item '@' Menu Item / Che
Table Settings | Defavit Values |&5 Menu Ttem / RadioButton [=J Popup Menu
Specify Title and Column Types Here: —
tblBuses [JTable] - Properties X |
i Insert
Column Title Type Editable B | r o | Binding Events Code
Depart hour Integer ] Delete -
Depart min Integer V] = Properties
Service no String [v] Move Up autoCreateColumnsFromModel
Passengers Integer z - - autoCreateRowSorter |:|
o Honn background [ [255,255,25€]
border (Mo Border)
font Tahoma 11 Plain
foreground W [0,00]
model [TableModel]
tooMipText
(=] Other Properties.
UlClas=ID Tablell
alignmentx 0.5
alignmenty” 0.5
R [+][=] columns: == autoResizeMode SUBSEQUENT_COLL
antnzrrall [1
| | Reset to Default | | model
(javax.swing. table. TableModel) The model that is the sourg
thic wicua
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Click the OK button to return to the design screen. Check that the column headings are displayed
correctly in the table.

Add a button with the caption "OK" to the upper panel. Rename the button as btnOK:

Mumber of buses surveyed 0

4k

0K

Depart hour Depart min Service no Passengers

Go to the Source code page. Add a line of code to the busSurvey method to make the panel
containing the table not visible when the program first runs:

String[] service=new String[100];
int[] passengers=new int[100];
int busCount;

public busSurvey() {
initComponents();

(:panable.setVisible(false); :)

Return to the Design screen to display the form, then double click the "OK" button to create a
method. The user will click this button after entering the number of buses in the survey. Itis
then necessary to make the input table visible, and set up a corresponding number of blank
rows for entering the survey results. To do this, we must access the model property of the
table. Enter lines of program code to carry out these tasks:

private void btnOKActionPerformed(java.awt.event.ActionEvent evt) {

pnlTable.setVisible(true);

DefaultTableModel model = (DefaultTableModel) tblBuses.getModel();
busCount=(Integer) spinBusCount.getValue();

model. setRowCount (busCount);

tblBuses.setModel(model);
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Before going further with the programming, scroll to the top of the program listing and add
three code modules which will be needed when the program runs. These will allow us to input
data into the table, and display of an error message box if necessary:

package busSurveyPackage;

import javax.swing.JOptionPane;
import javax.swing.table.DefaultTableModel;
import javax.swing.table.TableCellEditor;

public class busSurvey extends javax.swing.JFrame {

Run the program. Enter different numbers of buses, using the spin component, and check that
the correct numbers of blank lines are created in the table.

Enter some data into the table. You may notice that the table component has its own error
checking procedure. If a value is entered in an incorrect format, for example: entering a letter
in the Passengers column, then a red outline will appear around the grid cell. It will not be
possible to enter further values until the error is corrected.

Number of buses surveyed 8 EI ‘
Depart hour Depart min Service no Passengers
8 0[ss 39 g
10 30(w102 15 |
12 25232 23 f

Close the program and return to the editing screen. Click the Design tab to move to the form layout
view.
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Add another panel below the table, renaming this as pnlResults. Place a text area on the panel, with
the name txtResults. Complete the form design by adding a button to the table panel with the
caption "Analyse data". Rename the button as btnResults.

Depart hour Depart min Service no Passengers

Analyse data

Double click the "Analyse data" to create a method. We will begin by collecting the input data from
the table using a loop structure, and storing the values in the parallel arrays. The loop can be
enclosed in a TRY ... CATCH structure to give an error message if data values are missing.

private void btnResultsActionPerformed(java.awt.event.ActionEvent evt) {
.. )
pnlResults.setVisible(true);
try
{
for (int i=0;i<busCount; i++)
{
hours[i]= (Integer) tblBuses.getModel().getValueAt(i,0);
mins[i]= (Integer) tblBuses.getModel().getValueAt(i,1);
service[i]= (String) tblBuses.getModel().getValueAt(i,2);
passengers[i]= (Integer) tblBuses.getModel().getValueAt(i,3);
}
}
catch(NullPointerException e2)
{
JOptionPane.showMessageDialog(busSurvey.this,
"Not all required data entered");
}
- J
}
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Run the program and test the data entry.

Mumber of buses surveyed 1 oK
Depart hour Depart min Service no Passengers
16
Message

Mot all required data entered

Analyse data

You may discover that the program does not behave as expected. If a set of data is entered

correctly, the "missing data" error message may still appear. This is because data items are not
recorded by the table until the user presses the Enter key or clicks on another grid cell. We can

attend to this problem now.

Close the program window and return to the source code page. Add lines of program code which
will force the table to stop editing and accept the current cell value when the "Analyse data" button

is clicked.

private void btnResultsActionPerformed(java.awt.event.ActionEvent evt) {

TableCellEditor editor = tblBuses.getCellEditor();
if (editor != null)

{

editor.stopCellEditing();
}
pnlResults.setVisible(true);
try
{

for (int i=@;i<busCount; i++)
{
hours[i]= (Integer) tblBuses.getModel().getValueAt(i,Q);

Run the program and check that the table input now works correctly. Close the program window

and return to the source code page.

A requirement for the program is to display the mean number of passengers using the buses at

different times of day. We will begin by calculating the mean number of morning passengers per

bus.
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We initialise the numbers of morning buses and passengers to zero. A loop is then used to check
each bus in turn. If the departure time is before 12:00 noon, the number of morning buses is
increased by one, and the number of passengers is added to the morning passenger total.

When the loop ends, the mean is calculated and displayed in the text area:

try
{
for (int i=@;i<busCount; i++)
{
hours[i]= (Integer) tblBuses.getModel().getValueAt(i,0);
mins[i]= (Integer) tblBuses.getModel().getValueAt(i,1);
service[i]= (String) tblBuses.getModel().getValueAt(i,2);
passengers[i]= (Integer) tblBuses.getModel().getValueAt(i,3);
}

double morningPassengers=0;
double morningBuses=0;
double morningMean=0;
for (int i=@;i<busCount; i++)
{
if (hours[i]<12)
{
morningBuses++;
morningPassengers += passengers[i];
}
}
if (morningBuses>0)
{
morningMean = morningPassengers/morningBuses;
}

else

{

morningMean

0;

}

String s="";

s+="Average passengers: \n";

s+= "Morning "+String.format("%.1f",morningMean)+"\n";

txtResults.setText(s);
\ ’ J

}

catch(NullPointerException e)

Run the program. Add some morning bus services and click the button to analyse the data. Check
that the average number of passengers for each morning bus is shown correctly:

Depart hour Depart min Service no Passengers

Analyse data

Average passengers:
Morning 27.5
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Close the program and return to the source code page. Add similar lines of code to calculate the

mean numbers of passengers for afternoon and evening services:

double morningPassengers=0;
double morningBuses=0;
double morningMean=0;

double afternoonPassengers=0;
double afternoonBuses=0;
double afternoonMean=0;
double eveningPassengers=0;
double eveningBuses=0;

double eveningMean=0;

for (int i=0@;i<busCount; i++)

\.

{
if (hours[i]«12)
{
morningBuses++;
morningPassengers += passengers[i];
}
else
{
if (hours[i]>=17 )
{
eveningBuses++;
eveningPassengers += passengers[i];
}
else
{
afternoonBuses++;
afternoonPassengers += passengers[i];
}
}
\o
}
if (morningBuses>0)
{
morningMean = morningPassengers/morningBuses;
}
else
{
morningMean = 0;
}
if (afternoonBuses>0)
{
afternoonMean = afternoonPassengers/afternoonBuses;
}
else
{
afternoonMean = 9;
}
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4 N
if (eveningBuses>0)
{
eveningMean = eveningPassengers/eveningBuses;
}
else
{
eveningMean = 0;
}
. J
String s="";
s+="Average passengers: \n";
s+= "Morning "+String.format("%.1f",morningMean)+"\n";
s+= "Afternoon "+String.format("%.1f",afternoonMean)+"\n";
s+= "Evening "+String.format("%.1f",eveningMean)+"\n";

txtResults.setText(s);
}

catch(NullPointerException e)

{

Run the program. Enter buses for various times during the day and check that the mean numbers of
passengers are displayed correctly:

B x
Mumber of buses surveyed g EI
Depart hour Depart min Service no Passengers

7 40[s11 23

8 30[p12 38
10 25514 41
13 803 p]
14 4544 16
16 20[514 E]
19 512 22
20 16[511 11]

Analyse data

Lverage pasSsSengers:
Morning 36.0
Afterncon 27.3
Evening 17.3
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Close the program and return to the source code page.

The final program requirement is to list all bus services with more than 30 passengers. Do this by
adding another loop to the button click method. When buses with over 30 passengers are found,
the program collects the hour and minute values then assembles these into a time format, separated
by a colon. If a single digit number is found for the hour or minute value, then a zero is added to
produce a standard format. For example: 9 hours 5 minutes is displayed as 09:05.

s+="Average passengers: \n";

s+= "Morning "+String.format("%.1f",morningMean)+"\n";
s+= "Afternoon "+String.format("%.1f",afternoonMean)+"\n";
s+= "Evening "+String.format("%.1f",eveningMean)+"\n";

//'

s+= "\nServices with over 30 passengers: \n"; <\\
int t;
String time;
for (int i=@;i<busCount; i++)
{
if (passengers[i]>30)
{
t=hours[i];
time=Integer.toString(t);
if (t<10)
{
s += "0";
}
s+= time+":";
t=mins[i];
time=Integer.toString(t);
if (t<10)
{
s += "0";
}
s+= time+" service: "+service[i];
s += "\n";

\ Y,

txtResults.setText(s);

}

catch(NullPointerException e)

{

Run the program. Enter a set of test data and check that all bus services with more than 30
passengers are listed.

Average passengers:

Morning 36.0
Afternoon 27.3
Evening 17.3

Services with over 30 passengers:
08:30 service: D12
10:25 service: 514
16:20 service: 514




