Chapter 7: London Undergroun

London Underground 7

Scenario

The objective of this project is to advigassengersn the best route to take between a starting point and
destination on the London Underground.

The first London Underground line opened in 18&8rther lines have beenrpgressively added up to the
present day, resulting in a large and complex interconnected network. A diagrammatic map has been
designed to help travellers navigate the system, with different underground lines identified by colour
coding.
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Due to the large number of interconnections, it is often possible to travel between two locations by a
variety of routes. It may be necessary to chatrgen and use a differenindergroundine at one or more
points during the journeyln this projectthe search strategwill select routes which minimise the number
of changes neededit can be difficult to change platfornikstairs or escalators have to be negotiated
especially at busy times or when carrying luggage.

Once the minimum number of changef train is found, there may still be several routes availalee
program willattempt to find the quickest routeTo simplify the problenit is assumedhat the journey
times between each pair of statiois approximately equal. This is a readgeraassumption, at least for
the central area of London where stations are closely spatfestveral routes are possiblihe objective is
to select the route passing through the minimum number of intermediate stations.

The recommended route will be pented to the userbut there shouldalsobe an option to see
alternative routes. The user may have personal knowledge of the underground system and know how easy
or difficult it is to changérainsat a particular station, so may prefer one of the altative routes.
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In addition to the public function, the web site should allow staff to update the system in the eveatnof
underground lines or stations openiy@y existing station€losing.

Design

The requirements of the system are summarised in thee aase diagram below.
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Staff will use an oiscreen display of the official underground map as a guide for adding stations and
underground lines to thecreen Theprogram can therconstructa graphia@l displayat run-time which
resemblesthe published map as closely as possible.

The user may select the start addstination by clicking on stations on tlkemputer generateanap, or
may select from an alphabetical list of stations.

Attributesfor underground lines and stationgll be storedin database tablesand will be accessed by the
map plotting andoute planning algorithrs.

Station RoutePoint Line
StationID | RoutePointID LinelD
StationName LinelD }—l_’_ LineName
Xpos }<| StationID Colourcode
Ypos Pointer
Position Backpointer

Position

TheLinetable will record the names and colour codes for each underground line
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TheStationtable will record thename and map coordinates the station The London Underground map,
which is widely recognised to be an early masterpiece of commercial art and design, is simplified so that all
lines run either horizontallyertically, or at angles of 45 This in turn requires station name labels to be
displayed in different orientations above, below, to the left or right of the underground lines as in the
examples below:

kWatford High Street N“"h”““d Sudbury Hill -|

South

(B
Hampstead Northwick RickmanswortN
Park

Additionally, it is sometimes necessary to print multrd station names on two lines in order to fit the
available spaceStaffwill be able to specify these display options when entering a statiothe map.
Appropriate values will be entereas StationNameand Positionattributes.

TheRoutePointtable will record theconnections between stations along particular undergrounddby
means of a series dihked lists. This allowsasycalculation of the number of intermediate stations
between the start and destination.

Stockwell |e+— | Vauxhall o »

v

Brixton

The ecords in te RouePointtable will identify a station and an underground lin& pointer field
identifies the next station along the line, whilsbackpointeridentifies the previous station. A value-af
will be used to mark the end of a line.

Line Station Pointer Backpointer Branch
1 | Victoria Brixton 2 -1 A 1
2 | Victoria Stockwell 3 1 1
3 | Vidoria Vauxhall 4 2 1
4 | Victoria Pimlico 5 3 1
5 | Victoria Victoria 6 Vv 4 1
13| Victoria Tottenham Hale 14 12 A 1
14 | Victoria Blackhorse Road 15 13 1
15| Victoria Walthamstow Central S / 14 1

The geometry of the @twork makes it necessary to identify theanchfor each section of an underground
line, so that possible routes are fully defined

1 Some undergroundines rundirectly from start to finish as in the case of théictoria lineshown
below. All stations @ng the route will be marked as servibganch 1

1 TheCircle lineis unusual in forming a closed loop. Trains travel around the loop in both clockwise
and anticlockwise directions. All stations will be marked as sebvangch 1 A station appear
twicein the linked listand forms the closure point of the loop.
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endl end1

startl

startl

Circle line

Victorna line

1 Some linehrave multiple branches, astne case of théDistrict Line Each of the branches will be
separatelynumbered in the RoutePoint records, with the start and finisttiens indicated by null

pointer values.

endl
end3 end1
startl end2

start2 start3

start4
end2
end4
District line start2
startl

Northern line

9 TheNorthern Linesplits into two branches which then kin after crossing central London. The
branches will be separately numbered in the RoutePoint records.

Multiple underground lines may run beeen pairs of stations, as in the examples bel®dw.avoid lines
being hiddenwhenthe mapdisplay is drawneach new linavill be offset vertically, horizontally or
diagonally when it is added. Tpeogram will specifyhe direction of offset by meansf ¢the Position

attribute.
Great Portland
Bayswater Street Barblcan M
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Once a series of underground lines have been recorded as linked lists, this data can be used to find routes
between specified stations. The strateglyich will be useds illustratedin the diagrams below.

If both the start and destination stations occur on the same o O
underground linejncludingany branches presenthen direct

travel is possible without changing traithe passenger may © destination
need to check that a train is travelling to the correct branch O
before boardng. O
O
[ ]
O start
)
If direct travel is not possible, then a search is carried out fi Oostart
route involvingone change of train. Each station along the o
start line is considered as a possible change station. If anc
. . . @ _change
underground line passing through that station also ssrthe g o
destination, then a route has been found. ®) o
O o destination
O @)
O
O
O
If no route witha singlechange is found, then a search is O
carried out for a route involvintyvo changes. Each station @ start
along the start line is considered as a possible stéfton O ©
change 1 If anotherunderground line passes through that O @ changel O
station, then each point along this second line is a possibil g O O o
for change 2 If a third line passing through the change 2 o o '®) change 2
station also serves the destination, then a route has been ® ®)
found.

®
Odestination

If no route with two chages is found, then the search could continue in a similar way for a route with
three or more changes. The interconnected nature of the London Underground system ensures that it will
eventuallybe possible to find a route between any two specified station

Programming technigues

The program will bevritten usingPHPcode for handling database operations and the search algorithm,
whilst thep5.jshigh level extension afavaScriptvill be used to develop interactive graphics for the map
displays on theublic and staff web pages.

The website will use one main padesignfor staff input of map data, and another public page for route
finding. The pages will be largely controlled by mouse events, with some keyboard input. Data will be
handled in the formof arrays ofLing Station, RoutePointand Branchobjects.
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Method

Qreate foldersnamed underground’on your local computer and on the internet serterstore files for the
project. We will begin by developing the map input system to be used by tHe 3tk will be password
protected. Obtain an illustration which may be used on thedograge, such as the London Underground
sign shown below. Save this to the server as therfilege.jpgwith a size of approximately 450 pixels by

350 pixels.

Open ablank text document.Begin by ddingthe lines of code showhelow. Save the file as
staffLogin.phpand copy it to the server.

<?
session_start();
$ SESSION['login]='NO";
7>
<htmI>
<head>
<title>London Underground route planning</title>
<style>
body{
font - family: arial, sans - serif;
}
</style>
</head>
<body>
<form action="staffDisplayMap.php" method="post">
<img src=" image.jpg">
<table cellpadding=20>
<tr>
<td><h3>Staff Log -in</h3>
<table border="0" cellpadd ing="10">
<tr>
<td>User name</td>
<td>
<?
echo "<input type=text size=20 name=user >";
>
</td>
</tr>
<tr>
<td>Password</td>
<td>
<?
echo "<input type=password size=20 name=pass >";
>
</td>
</tr>
<tr>
<td></td>
<td>
<input type=submit value="Enter">
</td>
</tr>
</table>
</td>
</tr>
</table>
</form>
</body>
</html>
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Run the staffLogin page in the web browser.

\ //' /

s \ )
| UNDERGROUND

¥ | NN

Staff Log-in

Username [ ]
Password [ ]

| Enter |

The page provideimput boxes for the staff userame and password, then a button to continue. The page
is arranged as form, so that the input valuegserand passwill be transferred as variables to a page
staffDisplayMap.phpwhich will be loaded when the button is pressed.

A session variabléogin' is given a value of 'NO' when the {ogsequence begins. This variable will be
reset to 'YES' when a valid logis made. The session variable will authorise access to the staff map page
and allow changes to be made to the database.

Thechecking obtaff user names and passwords will be handled Byadf object class, linked to staff
database table. We will begin by setting up the database table.

Login to the PHP MyAdmin web site for your database account and display the list of tables in the
database. Select thdew option from the list of tablesName the table astaff'.

Set up three fieldsstaffID as integey staffUsernameand staffPasswordooth of type varchawith a length
of 20 characters.

[ Browse | 34 Structure L[] SQL -4 Search #¢ Insert | = Export | [& Import | =3 Privileges @

f4 Table structure g2 Relation view
# Name Type Collation Attributes Null Default Comments Extra Action
¥ 1 stafflD 2= int(11) No MNone &~ Change @ Drop
[l 2 staffUsername varchar in1_swedish_ci No  None & Change @ Drop
) 3 staffPassword wvarchar(20) latin1_swedish_ci Mo MNone & Change & Drop
= Cheack all With selected: [Z] Browse g7 Change @ Drop ( /2 Primary ) [@ Unique = Index [J

Click the checkbox alongside te@mffID field, then click thd’rimaryicon to set this as the primary key field
of the table. Click the Change option on #tefflD line, then tick the auto incremen(_[) box:

34 Structure‘ Ly SQL| -4 Search | £ [nsert| =] Export| =) [mport| ag Privilege5| & Operations
Structure @) '

Name Type @ LengthValues @) Default @) Collation Attributes MNull{ A_1 \Comme
| stafflD | [T MK | | None | || | ole
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+ Options

— [ — = stafflD  staffUsername  staffPassword
& Edit Fc Copy @ Delete 1 Jonasi abc
& Edit Fc Copy @ Delete 2 Brownl XYz

+ Check all With selecfed: (7 Edit  Fc Copy @ Delete & Export

We will now set up the web page thalhe member of staff will access after loggimg Open a blank file
and add the program code shown below. Save the filga$DisplayMap.phpand copy it to the server.

<?
session_start();
$user=$ REQUEST['user’;
$pass=$_REQUEST['passT;
$login=%_SESSION['login'];
if (1($_SESSION['login']=="YES"))
{
include('Staff.php’);
if (Staff::checkPassword($user,$pass)==false)
header('Location: staffLogin.php");
else

}
?>
<html|>
<head>
<title>London Underground route planning</title>
</head>
<body>
</body>
</html>

$_SESSION[I ogin]="YES";

Before the page runshe PHP $ REQUEST lines will obtain the values entered in the text boxes on the log
in page This user name and gaword will then be verifiedThe remainder of the page is simjglylank
page template.

The next stage is to access the staff database table to verify the data entegih by setting up a
user.incfile to authorise access to the dime database. fis has the format:

<?
$username="YOUR USER NAME";
$password="YOUR PASSWORD";

$database="YOUR DATABASE NAME";
>

Create a blank text file and copy the lines above. RepMEOtR USER NAMIEU"YOUR PASSWORIdth

the username and password whiclvg you access to the PHP MyAdmin website. The entfiy¥folUR
DATABASE NAME"ormally the same as the username entered on the first line. Save this small file as
user.incand copy it to the server.

An object oriented approach will be used when wagkivith the database. Ataffclass will provide a link
between the staff database table and the web pages, allowingnaigtails to be verifiedWe will create
this class file now.

Open a blank text file anadd the lines of program code shown below.
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<?
class Staff
{
private $user;
private $pass;
function __construct($userSet,$passSet)
{
$this - >user = $userSet;
$this - >pass = $passSet;
}

private function checkUser($userWanted,$passWanted)

if (Puserwan ted==$this - >user)&&($passWanted==%this - >pass))
return true;

else
return false;

}

public static function checkPassword($userWanted,$passWanted)
{
include (‘'user.inc');
$conn = new mysgli(localhost, $username, $passw ord, $database);
if (!$conn) {die("Connection failed: ".mysqli_connect_error()); }
$query="SELECT * FROM staff";
$result=mysqgli_query($conn, $Squery);
$num=mysqli_num_rows($result);
mysqli_close($conn);
$i=1,
while ($i <= $num)
{
$r ow=mysqli_fetch_assoc($result);
$Suser= $row[" staffUsername" |;
$pass=$row[" staffPassword" ];
$staff[$i] = new Staff(Suser,$pass);
$i++;

$found=false;
for ($i=1;$i<=$num;Si ++)
{
$answer= $staff[$i] - >checkUser($userWanted,$passWanted);
if (Janswer==true)
$found=true;

return $found;

Save the file aStaff.phpand copy it to the server.

Run the staff logn page andést the login function. If a correct user name and password are entered, the
blankstaffDisplayMappage should open. If incorrect details are entered, the user should be returned
directly to the login page

After entering the website, a series of menptimnswill be available to staff members. These will allow
the interactive map of the London Underground system to be constructed on screen.

It will be convenient tareate the staff menu ansdtore the program code in a separate file. Openaalb
file and add the lines of program code shown bel@ave the file astaffMenu.phpand copy it to the
server.
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<table class=menu>
<tr>

<th class=menu>
<a href="staffDisplayMap.php?option=main">
STAFF OPTION</a></th>

<th class=menu>
<a href="add Line s.php?option=line">
Add Underground line</a>  </th>
<th class=menu>

<a href="staffDisplayMap.php?option=station">
Add station </a> </th>

<th class=menu>
<a href="staffDisplayMap.php?option=editStation">
Edit station</a> </th>

<th class=menu>
<a href="addRoutes.php?option=link">
Add link to route </a> </th>

<th class=menu>
<a href="staffDisplayMap.php?option=map">
View user map</a> </th>

<th class=menu>
<a href="staffLogin.php">
Log out</a> </th>

</tr>
</tabl e>

The menu will be displayed as a bar across the top of the web page.

STAFF OPTIONS Add Underground line Add station

Edit station Add link to route View user map

Beforerunning thepage however,a style sheet will be requireid provide formatting for the menu
components. Open a blank file and add the lines of CSS code shown Balenthe file astyleSheet.css
and copy it to the server.

body,h3,h2 {
background - color: #FOFOFO;
font - family: Arial, Helvetica, sans - serif;
color: black;
font - size: small;
}
h2 {
font - size: 16px;

table.menu {
border - collapse: collapse;
width: 100%;
}
th.menu {
text -align: left;
padding: 8px;
background - color: rgh(0, 153, 216);
color: white;
}
ali nk, awisited {
color: white;
text - decoration: none;
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Return to thestaffDisplayMap.phpfile and ald lines of codéo link-in the style sheet and menu files.

<html|>
<head>
<title>London Underground route planning</titl e>

( <link rel="Stylesheet" type="text/css" href="styleSheet.css" /> )

</head>
<body>

<?

include('staffMenu.php');
?>

</body>
</html>

Savethe staffDisplayMap.phpfile and copy it to the server. Laigas a member of staféind checkhat the
menuoptions aredisplayed across the top of the pag&he page area below has been givgrake grey
background

STAEF OPTIONS Add Underground line Add station Edit station Add link to route View user map

The'Logout' menu option closes the session and retuths user to the logh page. Check that this wark
correctly, and thathe user name and password must keentered to return to thestaffDisplayMappage.

Obtain adigital version of the officidlondon Underground maplrhe map used in this example project has
a size ohpproximately 2500 pixels by 1900 pixedou may chae a map which displays only the main
Underground lines serving central Londonsetecta morecomprehensivenap including the Docklands
Light Railway, London Overground and London Trams netv@ake tle map fileastubemap.jpgand copy

it to the serve.

STAFF OPTIONS Add Underground line Add station Edit station Add link to route
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The default screen display on entering the staff page withizreference map. Tédmapmayalso be
accesed at other times by clicking th6 TAFF OPTION&ption at the left of the menu bar.

The map will be displayed in a scrollimmndow which we will create using thgb.jshigh level extension of
JavaScript To allow p5.js to be used on the page, obtain the files

p5.jsandp5.dom.js
from the developers' web site ap5js.org
Copy the filep5.jsandp5.dom.jsto the 'undergroundfolder onserver.

Return tothe staffDisplayMap.phpfile and add lines of code to access the p5.js and p5.dom.js files.

<htmlI>
<head>
<title>London Underground route planning</title>
<link rel="Stylesheet" type="tex t/css" href="styleSheet.css" />
<script src="p5.js"></script>
<script src="p5.dom.js"></script>
</head>
<body>

We will now add program code to display a section of the ntamtinuing to work on the
staffDisplayMap.p file, add the<script>block shown below.

<body>
<?
include('staffMenu.php");
?>
/ <br> \
<script type="text/javascript">
var VscrollPosition=300;
var HscrollPosition=400;
var Hscroll=false;
var Vscroll=false;

function pr  eload()

imgl=loadimage("tubemap.jpg");
}

function setup()

createCanvas(1000, 654);
}

function draw()

{
transV = map(VscrollPosition, 0, (height -14), 0, 1890 - height);
transH = map(HscrollPosition, 0, (w idth -14), 0, 2560 - width);
push();
translate(  -transH, -transV);
image(img1l, 0, 0);
pop();

}

\ </script> /

</body>
</html>
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Savethe staffDisplayMap.phpfile and copy it to the server. Lagto the web site as a member of staff. A
section of the map should be visible in asen window, although scroll bars are not yet present. We will
add the scroll bars next.

Several functionwvill be needed to operate the scrolling. It will be convenient to store these in a separate
file which carbe accessed by the main program.

Open a blank file and add the lines of program code shown below. The two functions create the grey scroll
bars below and to the right of the map window, and add markers to indicate the scroll position.

<script>
functi on Vscrollbar(VscrollPosition)
{
noStroke();
fill(204);
rect(986,0,14,640);
fill(255);
rect(986,640,14,14);
fill(102);
rect(986,VscrollPosition,14,14);
}
function Hscrollbar(HscrollPosition)
{
noStroke();
fill(204);
rect(0,64 0,986,14);
fill(255);
rect(986,640,14,14);
fill(102);
rect(HscrollPosition,640,14,14);
}
</script>

Savehe file asmapFunctionsphp.
Return to thestaffDisplayMap.phpfile and add a line of code to link to the mapFunctions file.

<body>
<?
include('staffMenu.php");

( include('mapFunctions.php’); )

7>
<br>
<script type="text/javascript">

One further function will be required to operate the scrolling. This resets the vertical or horizontal scroll
position if the mouse poter is moved along either of the scroll barsdd the scrollMove( )function
shown belowto the mapFunctionsphp file, save the file and copy it to the server.
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function scrollMove()

{
if (x>=960)&&(x<1020)&&(y<626))||(Vscroll==true))
{

if (mouselsPressed==true)

if (x>=960)&&(x<1020)&&(y<626))
Vscroll=true;

VscrollPosition=y;

if (VscrollPosition<0)
VscrollPosition=0;

if (VscrollPosition>640)
VscrollPosition=640;

}

}
if (((y>=640)&&(x<976))||(Hscroll==true))
{

if (mouselsPressed==true)
{
if((y>=640)&&(x<976))
Hscroll=true;
HscrollPosition=x;
if (HscrollPosition<0)
HscrollPosition=0;
if (HscrollPo  sition>986)
HscrollPosition=986;
}

}

if (mouselsPressed==false)

{
Hscroll=false;
Vscroll=false;

\ Y,

</script>

The final step is to return to thetaffDisplayMap.phpfile and add lines of program code ¢perate the

map scrolling. Thesewill create the scroll bars, determine the position of the mouse, then alter the scroll
position ifa scroll bar iselected. This in turn changes the amount by which the map image will be offset
horizontally or vertically wheit is displayed in the screen window.

transV

transH

mnmean
e
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Add lines of code to thdraw( ) function as shown below. Save te@ffDisplayMap.phgfile and copy it to
the server.

function draw()

{
transV = map(VscrollPosition, 0, (height -14),0, 1890 - height);
transH = map(HscrollPosition, 0, (width -14), 0, 2560 - width);
push();
translate(  -transH, -transV);
image(imgl, 0, 0);
pop();

Hscrollbar(HscrollPosition);
Vscrollbar(VscrollPosition);
X=mousexX;

y=mouseY;

scrollMove();

}
</script>
</body>
</html>

Run the website, logginim as a member of staff. Check that the map can now be scrolled horizontally or
vertically by dragging the mouse on the scroll bars.

This completes the reference map display. We can now work on the sthf options.

Options will be selected from the menu bar. The page will then Headed with a value set for the
variable'option'. The program shoulbegin byobtainingthe value of this variable.

Return to thestaffDisplayMap.phpfile andadda ine of program code to the PHP block at the start of the
page.

if (Staff::checkPassword($user,$pass)==false)
header('Location: staffLogin.php");

else
$_SESSION[login'|='YES";
}
( $optionSelected = $_REQUEST[ optionT; )
?>
<ht ml>
<head>

We will then convert the PHP variabtgtion' into an equivalent JavaScript variable by means of JSON
encoding. Add a line of code near the start of the <script> block to do this.

<script type="text/javascript">
var VscrollPosition=3 00;
var HscrollPosition=400;
var Hscroll=false;
var Vscroll=false;

( var optionSelected= <? echo js on_encode($optionSelected); ?>; )

function preload()

imgl=loadimage("tubemap.jpg");
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Save thestaffDisplayMap.phgfile.

When the option tcadd a $ation is selected, the user will click on the map to indicate the position of the
station, and type the name of the station into a text input box. We will add a function to handle these
operations.

Return to themapFunctionsphp file and add thestationinput( ) function shown belovto place textbox
components to the right of the map display.

Old Street =&

Station name
Liverpool
Street =
4 )
function stationlnput()
{

inputX = createlnput();
inputX.position(1060, 170);
inputX.size(50);

captionX =cr eateElement('h3’, 'X’);
captionX.position(1030, 160);

inputY = createlnput();
inputY.position(1060, 200);
inputY.size(50);

captionY = createElement('h3', 'Y");
captionY.position(1030, 190);
captionS =creat eElement(*h3', 'Station name");
captionS.position(1030, 220);

inputS = createlnput();
inputS.position(1030, 260);
inputS.size(250);

inputS2 = createlnput();
inputS2.position(1030, 280);
inputS2.size(250);

\__} J
</script>

Save thanapFunctionsphp file and copy it to the server.

Return tostaffDisplayMap.phpand add program code tad the stationinput( ) method.

function setup()

createCanvas(1000, 654);

if (optionSelected=="station")

{
stationInput();
}
}
function draw()
{
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Save thestaffDisplayMap.phpfile and copy it to the server. Run the website, logdings a member of
staff. Select 'Add station' from the menu and check that text boxes and lateetsplayed to the right of
the map.

Return to thestaffDisplayMap.phpfile. We will now arrange for a marker to be displayed on the map
when the user clicks the mouse to indicate the position of a station. Two varizh@sand newY will be
required. Addhese near the beginning of thescript>block, as shown below.

var HscrollPosition=400;
var Hscroll=false;
var Vscroll=false;

var newx=0;
var newY=0;

var optionSelected= <? echo json_encode($optionSelected); ?>;

function preload()

{

Go now to thedraw( ) functionand add the lines of program code shown below.

image(img1, 0, 0);
pop();

-

if (optionSelected=="station")

{

if (mouselsPressed==true)
if((x<940)&&(y<580))
{

xXpos=int(x)+int(tra nsH);
ypos=int(y)+int(transV);
inputX.value(xpos);
inputY.value(ypos);

newx=x;

newyY=y;

}
}
if ((newX+newY)>0)

fill(255,0,0);
stroke(0);
ellipse(newX,newY,14,14);
}
NG /
Hscrollbar(HscrollP osition);
Vscrollbar(VscrollPosition);
X=mousexX;
y=mouseY,
scrollMove();

}

</script>

Save thestaffDisplayMap.phpfile and copy it to the server. Ran the staffDisplayMappage,selecting
the 'Add station'option. Move the mouse pointer onto thenap and click on a station. r&d circle should
appearat the mouseposition, and the xy coordinates will beisplayed.
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The station name can then be typed into the input boxes, either on a single line or on two lines as required

for the map dsplay.

Notice that it may be necessary to display the station name above, below, or to the left or right of the

circular maker, depending on the pattern of the Underground lines ingiadticulararea of the map.We
will allow the user tespecifythe displaypositionfor the station name.

Return to thestaffDisplayMap.phpfile and locate thesetup( )function. Add lines of code as shown:

function setup()

{
createCanvas(1000, 654);
if (optionSelected=="station")
{

stationInput();

buttonArray();

caption0 = createElement('h2', 'O");
caption0.position(1200, 436);

caption00 = createElement('h3','station’);
caption02 = createElement('h3','station2");

These lines of code will useébattonArray( ) function to create a set of buttons which will allow the station

caption to be displayed in any of eight positions around the station marker symbol.
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Continuing to work on thetaffDisplayMap.phgfile, go now to thedraw( ) function. Add the lines of

program code below. These obtain the station name input by the user, so that it can be displayed as the

caption alongside the station symbol.
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if (optionSelected=="station")

{

station = inputS.value();

station2 = inputS2.value();
caption00.ht  mi(station);
caption02.html(station2);

sWidth = textWidth(station)*1.15;
sWidth2 = textWidth(station2)*1.15;

if (mouselsPressed==true)

if((x<940)&&(y<580))

Move now to the end of thescript>block and add théuttonArray( ) function.

4 function buttonArray()

{
buttonP1 = createButton('&nbsp");
buttonP1.position(1150, 320);
butto nP1.mousePressed(setPositionl);
buttonP2 = createButton('&nbsp');
buttonP2.position(1180, 320);
butto nP2.mousePressed(setPosition2);
buttonP3 = createButton('&nbsp");
buttonP3.position(1210, 320);
butto nP3.mousePressed(setPosition3);
buttonP4 = createButton('&nbsp');
buttonP4.position(1210, 350);
butto nP4.mousePressed(s etPosition4);
buttonP5 = createButton('&nbsp');
buttonP5.position(1210, 380);
butto nP5.mousePressed(setPosition5);
buttonP6 = createButton('&nbsp');
buttonP6.position(1180, 380);
butto nP6.mousePressed(setPosition6);
buttonP7 = createButton('&nbsp’);
buttonP7.position(1150, 380);
butto nP7.mousePressed(setPosition7);
buttonP8 = createButton('&nbsp’);
buttonP8.position(1150, 350);
butto nP8.mousePressed(setPosition8);

\ y

</script>

Save thestaffDisplayMap.phpfile and copy it to the server.

A series of small functions will display the station name in the different possible positions, with variations
depending on whether a single or double line of text is required. Return tm#g-unctionsphp file and
add the functionsetPosition1( ).. setPosition8( Jas shown on the two pages below.

Savethe mapFunctions.phgile and copy it to the server.
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function setPosition1()
{
Xp0os=1194- sWidth; xpos2=1194 - sWidth2;
positi  onNo=1;
if (sWidth2>10) {
caption00.position(xpos, 406);
caption02.position(xpos2, 420);
}
else
caption00.position(xpos, 420);
}
function setPosition2()
{
Xpos=1204- (sWidth/2); xpos2=1204 - (sWidth2/2);
positionNo=2;
if (sWidth2>10) {
caption00.position(xpos, 406);
caption02.position(xpos2, 420);
}
else
caption00.position(xpos, 420);
}
function setPosition3()
{
positionNo=3;
if (sWidth2>10) {
caption00.position(1220, 406);
caption02.position(1220, 420);
}
else
caption00.positio n(1220, 420);
}
function setPosition4()
{
positionNo=4;
if (sWidth2>10) {
caption00. position(1220,430);
caption02.position(1220,444);
}
else
caption00.position(1220,438);
}
function setPosition5()
{
positionNo=5;
if (sWidth2>10) {
caption00.position(1220, 456);
caption02.pos ition(1220, 470);
}
else
caption00.position(1220, 456);
}
\-
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4 ) N )
function setPosition6()
{
positionNo=6;
Xp0os=1208- (sWidth/2); xpos2=1208 - (sWidth2/2);
if (sWidth2>10) {
caption00.posit  ion(xpos, 456);
caption02.position(xpos2, 470);
}
else
caption00.position(xpos, 456);
}
function setPosition7()
{
positionNo=7;
Xpos=1194- sWidth; Xp0s2=1194- sWidth2;
if (sWidth2>10 ) {
caption00.position(xpos,456);
caption02.position(xpos2,470);
}
else
caption00.position(xpos,456);
}
function setPosition8()
{
positionNo=8;
Xpos=1194- sWidth; xpos2=1194 - sWidth2;
if (sWidth2>10) {
caption00.position(xpos,430);
caption02.position(xpos2,444);
}
else
caption00.position(xpos,438);
- } J
</script>

Savethe mapFunctions.phgile and copy it to the serveRefresh thestaffDisplayMappage and select the
Add stationoption. Carry out the sequence to enter a station, selecting the location on the map by clicking
the mouse, then entering the station name on one or two input lines as required.

Check that the station caption nde moved to any of eight positions around the station symbol by clicking
on the array of buttonsas in the examples below
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Seat= o Ooo
0 O
ovent Garden —
St Paul's [ ] } 1 [ ]
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=2=Cannon Street Montimat ;:‘;"fl:
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One further complexityeeds tobe considered Major stations which serve multiple underground lines are

often represented on the map by several linked symbols, as in the case of Paddington, Euston and other

stations in these extractsOnly one symbol in each linked group displays the station name.
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We will add a button option to hide the station namaptions on the additional symbols linked within a
station group. Return to theetup( )function in thestaffDisplayMap.phgfile and add the lines of program
code below. SavstaffDisplayMap.phpand copy it to the server.

if (optionSelected=="station")
{
stationlnput();
buttonArray();

caption0 = createElement('h2', 'O");
caption0.position(1200, 436);

caption00 = createElement('h3','station’);
caption02 = createElement('h3','station2’);

buttonH = createButton('hide"); buttonH.position
buttonH.mousePressed(setPosition0);

(1030, 380); )

}

Go now tomapFunctions.phpand add asetPosition0( Yunction as shown. Satke mapFunctions.php

file and copy it to the server.

function setPosition0()
{
posit ionNo=0;
caption00.position( -100, - 100);
caption02.position( - 100, - 100);
}
</script>
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Refresh thestaffDisplayMapweb page.Enter a station name and display it in one of the eight positions
around the station markerCleck that the name captionan then benhidden.
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We can now arrange for the station data to be stored in a database table. Go to the PHP MyAdmin website
for your database and list the existing tables. Select the ‘New' option and create a tdbtbevhame
'stations. Add fields as shown below.

# MName Type Collation Attributes Mull Default Comments Extra

1 StationlD > int(3) No MNone AUTC_INCREMENT
2 StationName varchar(40) utfé_gensral ci Yes MNULL

3 Xpos int(20) Yes NULL

4 Ypos int(13) Yes NULL

5 Position int(11) Mo MNone

The integelStationIDfield should be selected as the primary key, and set to #utoement as records are
added. StationNamehas thedata typevarchar, with a size of 40 characters. The remairfialyls are of
data typeinteger.

Data will be transferred between the web page and the database by meatetioh objects Open a
blank file andadd the program code below taegin the definition of theStationsclass.

<?
class Stations
{
public static $stationObj = array();
public $stationID;
public $stationName;
public $xpos;
public $ypos;
public $position;

function __construct($stationID,$stationName,$xpos,$ypos,$position)

{
$this - >stationID = $stationID;
$this - >stationName = $stationName;
$this - >xpos = $xpos;
$this - >ypos = $ypos;
$this - >position = $position;
}
}
7>
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The class begins with a list of attributes which correspond with the fields aitéiens database table.
The attributes are set gsublic, rather than the more usugrivate status. This is to allow the PHP Station
objects to be easily converted to JavaScript objects by means of JSON encoding, for use in the interactive

map display.

We will now add a method to the Stations class to saeerds into the databaselnsert theaddStation( )

function shown below. Save the file @gtions.phpand copy it to the server.

/

public static function addStation($stationName,$xpos,$ypos,$position)
{

include('user.inc');

$conn = new mysgli(localhost, $username, $password, $database);

if (!$conn) {die("Connection failed: ".mysqli_connect_error()); }

$query = "INSERT INTO stations VALUES (",'$stationName','$xpos', :@

'‘$ypos','$position’)";

$result=mysqli_query($conn, $query);
mysgli_close($conn);

Return to thestaffDisplayMap.phpfile and add another itton to the setup( )function, as shown

buttonH = createButto n('hide"); buttonH.position(1030, 380);
buttonH.mousePressed(setPosition0);

button = createButton(‘add station’);
button.position(1120, 520);
button.mousePressed(addStation);

}

}

InsertanaddStation( Yfunction at the end othe <script>block.

function addStation()
{
const xloc = inputX.value();
const yloc = inputY.value();
result = confirm('Add this station’);
if (result==true)
{
window.location = "addSt ation.php?x="+xloc+"&y="+yloc+ "&stationName="+
inputS.value()+"*"+inputS2.value()+"&position="+positionNo+
"&action=add&Hscroll=" +HscrollPosition+  "&Vscroll="+VscrollPosition;

else

newX=0; newY=0;

\_ !

</script>

Save thestaffDisplayMap.phpfile and copy it to the server.
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A button with the captionddd statiori will be displayedelow the station input componentsWhenthe
button is clicked, the user will be asked to confirm that they wish to save the station relfeal,. another
pageaddStation.phpwill be loaded and the new station data transferred to it, ready for saving into the
database.

Opena blank file and add the lined program code below, then save the fileaaklStation.php Copy the
file to the server.

TheaddStationpagewill not be visible to the user when the web site runs. The page collects details of the
station whichwere enteredpreviously then calls tle method in theStations classo create a new record in
the database table. The user is then returned to skeffDisplayMappage.

<?
$statio nName=$_REQUEST['stationName';
$stationName=str _replace("","™ ,$stationName);
$xpos=$_REQUEST['x";
$ypos=$ REQUESTI'Y";
$position=5_REQUEST['position’;
$Hscroll=$_REQUEST['Hscroll];
$Vscroll=$_REQUEST['VscrollT;
include (‘Stations.php");
Stations::addStation($stat ionName,$xpos,$ypos,$position);
header('Location: staffDisplayMap. php?option=station&Hscroll=". $Hscroll. :@
‘&Vscroll="$Vscroll);

>

We can now test the input of stations. Run staffDisplayMapweb page and carry out the procedure for
entering a station. Set¢the station location by clicking the mouse on the map, type the station name and
use the button array to select the required display position. Finally, click the 'add station' button. A confirm
dialogue box should appeacClick OK.

Add this station

:

Enter seveall more stations in a similar way.

Go now to the PHP MyAdmin website and selectdtationstable. Check carefully that the stations

entered on the web page have been recorded correctly in the database table. Notice that the station name
includes an aglrisk (*) symbol to mark the end of the first line of t@ftthe label, followed by a second

line of text if required. For example:

Camden Town* The station name should be dispdaygesingle line.
OxfordCircus The station name should be disphsiad separate lines.
StationlD  StationName Xpos Ypos Position
1 Tottenham*Court Road 1237 ans 7
2 Oxford*Circus 1131 a0y 1
3  Camden Town® 1279 544 8
4  Swiss Cottage” 1014 588 3]

The station name displgyosition is indicated by an integer between 1 and 8, counting clockwise at
intervals of 48 from the top-left position. A value of O for position indicates that the name label should be
hidden.
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With station data stored in the database, the next step is to reload the records and check that station
symbolscan be displayed to create an interactive map.

Go to theStations.phpclass file and add laadStations( )Jnethod as shown belowrhis will create a set of
PHP Station objects.

public static function loadStations() A
{
include (‘'user.inc');
$conn = new mysgli(localhost, $username, $password, $database);
if (I$conn) {die("Connection failed: ".mysqli_connect_error()); }
$query="SELECT * FROM stations";
$result=mysqgli_query($conn, $Squery);
$num=mysqli_num_rows($result);
mysqli_close($conn);
$i=1,
while ($i <= $num)
{
$row=mysqli_fetch_assoc($result);
$stationID =$row[" StationID" ];
$stationName =$row[" StationName" ];
$xpos=$row[" Xpos"];
$ypos=$row[" Ypos"];
$position =$row[" Position" ];
$obj = new Stations($stationID,$stationName,$xpos,$ypos,$position)
Stations::$stationObj[$i] = $obj;

Si++;
}
return $num;
! y,
}
>

Save theStations.phpfile and copy it to the server.

Return to thestaffDisplayMap.phpfile and add lines of program code to the PHP block near the start.
These will acess the Stations class file and create the set of Station objects.

if (Staff::checkPassword($user,$pass)==false)
header('Location: staffLogin.php");
else
$_SESSION[login'|="YES";
}
$optionSelected = $ REQUEST['option’];

( in clude (‘Stations.php’); )

$stationCount=Stations::loadStations();

7>
<htm|>
<head>
<title>London Underground route planning</title>

Move down to the<script>block and add lines of code as shown below. These convert the PHP Station
objects to an equialent set of JavaScript Station objects.
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var HscrollPosition=400;

var Hscroll=false;

var Vscroll=false;

var newx=0;

var newY=0;

var optionSelected= <? echo json_encode($optionSelected); ?>;

stationObj = <? echo json_enc ode(Stations::$stationObj); ?>;
stationCount = <? echo json_encode($stationCount); ?>;

function preload()

imgl=loadimage("tubemap.jpg");

Go now to thedraw( ) functionand add the line of code shown below. This will calilsplayStatiors()
functionwhich will add symbols to the underground map to indicate the locations of the stations which
have been recorded in the database table.

translate(  -transH, -transV);
image(img1, 0, 0);

pop();
if (optionSelected=="station")
{
( di splayStations(); )

station = inputS.value();
station2 = inputS2.value();
caption00.htmi(station);
caption02.html(station2);

Save thestaffDisplayMap.phpfile and copy it to the server.
It just remains to add the function to display tettions.

Returnto the mapFunctions.phgdile and add thedisplayStations( function at the end of the <script>
block, asshown below.SavemapFunctions.phmand copy it to the server.

~
function displayStations()
{
for (i=1;i<=stationCount ;i++)
{
xCentre=stationObij[i].xpos;
yCentre=stationObij[i].ypos;
fill(255,120,0);
stroke(0);
xpos=int(xCentre) - int(transH);
ypos=int(yCentre) - int(transV);
ellipse(xpos,ypos,14,14);
}
. ) J
</script>

Refresh thestaffDisplayMapweb page. When the 'Add station' option is selected, all stations recorded in
the database shouldow be markedby orange circlesEnter records for more stations and check that
these locations are marked on the map.
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A slight problem is that the npamoves to a default scroll position when it is reloaded after saving a station
record, rather than staying at the selected scroll position. This can be easily corrected.

Return to thestaffDisplayMap.phpfile and add further lines of code to the PHPdMmear the start.When
the page is reloaded, these collect the variables representing the horizontal and vertical scroll positions for
the map.

$option Selected =$ REQUEST['optionT;
include (‘Stations.php");
$stationCount=Stations::loadStations 0;

[ $Hscroll=$_REQUEST['Hscroll]; )

$Vscroll=$_REQUEST['VscrollT;

?>
<html>
<head>

Move down to the<script>block and add the lines of program code shown. The scroll position variables
are first converted from PHP to JavaScript, then used to seiriép scroll position.

var optionSelected= <? echo js on_encode($optionSelected); ?>;
stationObj = <? echo json_encode(Stations::$stationObj); ?>;
stationCount = <? echo json_encode($stationCount); ?>;

Hscroll = <? echo json_encode($Hscroll); ?>;
Vscro Il = <? echo json_encode($Vscroll); ?>;

function preload()

imgl=loadimage("tubemap.jpg");
}

function setup()

if ((Hscroll>0)||(Vscroll>0))
{

VscrollPosition=Vscroll;
HscrollPosition=Hscroll;

}

createCanvas(1000, 654);
if (optionSelected=='station")

{
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Savethe staffDisplayMap.phgfile and copy it to the server. Refresh the web page and enter another
station record. The map should now remain in the same scroll position when it is reloaded.

The final step in developing¢ 'Add stationbption is to display the station name labels in the selected
positions alongside the station symbols on the map. This will help us to idenyifynput errors.

Return tomapFunctions.php Go to the end of thdile and create aisplayNanes( )function. Add the
lines of program code shown below.

.

Ve

function displayNames()

{

for (i=1;i<=stationCount ;i++)

{

}

xCentre=stationObj[i].xpos;
yCentre=stationObj[i].ypos;

stationName=stationObj[i].stationName;

var r es = stationName.split("*");
station=res|[0];
if(res[1]>")

station2=res[1];
else

station2=";
widthS1=textWidth(station);
widthS2=textWidth(station2);
maxWidth=widthS1;
if (widthS2>maxWidth)

maxWidth=widthS2;

xpos=int(xCentre) - int(transH);
ypos=int(yCentre) - int(transV);
pos=stationObj[i].position;
stroke(255);
fill(255);

</script>

A loop operates for each of the stations. The x and y position of the station is fouilnéit socapton will
be added for the station.

The station name is split into two lines of text if necessary, using the *' character as a divider. The pixel
length of each line of text is then found so that the caption can be displayed using left, centre or right
justification as appropriate.

Complete the function by inserting the lines of program codehe pagebelowinto the displayNames( )
function. The block of code begins by setting up a series of position variables for captions in each of the
eight possil®# positions around the station symbol. Alignment of the captions depends on whether one or
two lines of text are present. The position variables are then used to draw a white background rectangle of
the required size, and add the text for the station name

Regent's Park

A
x0 O »
yO

yO
= —

Tottenham
Court Road

? px1
px2
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ypos=int(yCentre) - int(transV);
pos=stationObj[i].position;
stroke(255);

fill(255);

/ switch (pos)
{

case '1': xo= - (maxWidth+10); yo= -24; yl= -24;
px1=- (widthS1+8);
px2=- (widthS2+8); brea  k;

case '2': xo= - (maxWwidth/2); yo= -26; yl= -26;
px1=- (widthS1/2);
px2=- (widthS2/2); break;

case '3" X0=8; yo=-24; yl= -24
px1=8; px2=8; break;

case '4" x0=12; yo=0; yl= - 6;
px1=12; px2=12; break;

case '5": x0=10; yo=20; y1=8;
px1=10; px2=10; break;

case '6: xo= - (maxWidth/2); yo=22; y1=8;
px1=- (widthS1/2);
px2=- (widthS2/2); break;

case '7" x0=- (maxWidth+10); yo=20; y1=8;
px1=- (widthS1+8);
px2=- (widthS2+8); break;

case '8 xo= - (maxWidth+14); yo= -2; yl= -10;
px1=- (widthS1+12);
px2=- (widthS2+12); break;

}
if (in  t(pos)>0)
{

if (widthS2>5)

{
rect(xpos+xo,ypos - 12+yo,maxWidth,26);
fill(0);
text(station,xpos+px1,ypos+yo);
text(station2,xpos+px2,ypos+12+yo);

}
else
{
rect(xpos+xo,ypos+yl,  widthS1,16);
fill(0);
text(station,xpos+xo,ypos+12+y1);
}
\ }
}
}
</script>

Save thanapFunctions.phgdile andcopy it to the server.

Return to thestaffDisplayMap.phpfile and add a line of program code toetdraw( ) function.

image(img1l, 0, 0);
pop();

if (optionSelected=="station")

{
displayStations();

( displayNames(); )
station = inputS.value();
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Save thestaffDisplayMap.phgfile and copy it to the server. Run the web page and selextAtd station’
option. The map should be displayed with the station name captions superimposed.
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The positions of our station name captions may n

ot exactly coincide with the original map labels, but check

that no station captions are obsing the Underground lines.

This completes the 'Add station’ optipand we will now turn attention to 'Edit station'lt is important that
the staff are able to make alterations or delete stations, either because an error has been detected on the
map orbecause changes have been made to the transport network.

When the 'Edit station' optioris selected from the menu, the base majl be displayedand thestation
markers and name labelgill be superimposedIt would be useful to display the statiomarkersin a
different colour tothe 'Add station' option, tonake it easy for the user tistinguishwhenthe 'add' and

‘edit' operationsare selected

Return to themapFunctions.phgdile. Make changes tthe displayStations( Junction as shown below.
Red, green and blue values have been specified as parameters, and will then be used to set the fill colour

for the station symbols when plotted on the map.

( function displayStations(r,g,b) ~ )
{ ~J
for (i=1;i<=stationCount ;i++) REPLACE
{
xCentre=station  Obj[i].xpos;
yCentre=stationObj[i].ypos;
4 show=true; )
if ((xCentre - transH)>920)||((yCentre - transV)>600))
show=false;
|{f(show::true) / REPLACES LINE fill(255,120,
\_ fill(r,g,b); Y,
stroke(0);
xpos=int(xCentre) - int(transH);
ypos=int(yCentre) - int(transV);
ellipse(xpos,ypos,14,14);
C ) )
}
}
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Save thanapFunctions.phgdile and copy it to the server.

Return to thestaffDisplayMap.phgfile to add the 'Edit station' optionGo to thedraw( ) functionand
make changes to the program as shown belolwo existing lines of progranodeare replaced:

if (optionSelected=="station")
{ _<! REPLACE

displayStations();

The new block of codewill operate for both 'Add station' and 'Edit station’, but the colour of the station
markerswill be differentin the two cases.

push();

translate(  -transH, -transV);
image(img1l, 0, 0);

pop();

if ( (optionSelected=="station')||(optionSelected=="editStation"))
{

if (optionSelected=="station")
displayStations(255,120,0);

if (optionSelected=="editStation")
displayStations(0,120,255);

displayNames();
station = inputS.value();
station2 = inputS2.value();

Go now tothe setup( )function. Change the line of code shown below, so that the block of program lines
will operate for both the 'Add station' and 'Edit station' options.

function setup()
if ((Hscroll>0)||(Vscroll>0))

VscrollPosition=Vscroll;
HscrollPosition=Hscroll;

}
createCanvas(1000, 654);

C if ((optionSelected=="station’)||(optionSelected=="editStation")) )

{

stationinput();

buttonArray();

caption0 = createEle ment(‘h2', 'O");
caption0.position(1200, 436);

SavestaffDisplayMap.phpand copy it to the serveand un the web page. When the 'Add station' option
is selected, the entered stations should be indicated by orange symbols as before, but the tioat sta
option should display the symbols in blue.

The objective of the 'Edit station’ option is to allow the user to selgueaiously enteredtation by
clicking the mouse on the maprhemap coordinates, name and caption position will then be shana,
can be edited as required. Buttons will be provided tsage the updated station record, or delete the
station completely from the map.
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We will begin by setting up the pair of buttons for the 'Edit station' optiBeturn tothe setup( )function
in staffDisplayMap.php Locatethe block of lines which create the 'add station' buttoAdd an if...else
structureas shown below, so thalifferent buttons are created when the 'Edit station' option is selected.

caption02 = createElement ('h3','station2’);
buttonH = createButton(‘hide'); buttonH.position(1030, 380);
buttonH.mousePressed(setPosition0);
if (optionSelected=="station’)
{
button = createButton(‘add station’);
button.position(1120, 520);
button.mousePres sed(addStation);
4 } )
else
{
Ebutton = createButton('edit station’);
Ebutton.position(1030, 520);
Ebutt on.mousePressed(editStation);
Dbutton = createButton('delete station');
Dbutton.position(1160, 520);
Dbutton.mousePressed(delete  Station);
N, J
}
}

Go now to the end of thetaffDisplayMap.phgfile and add two empty functions. We will return to
complete these shortly.

4 function editStation() )
{

}

function deleteStation()

{

\} Y,

</script>
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Save thestaffDisplayMap.phpfile and copy it to the server. Refresh the web page and select the 'Edit
station' option. Check that the edit boxes and buttons are displayed in their correct positions on the right

of the map.

The next step is transfer data into the ediboxes. Return to thetaffDisplayMap.phgfile and locate the
draw( ) function. Addlines of program code as shown below, which will run a funcilactStationEdit( )
when a station is selected on the map. SavedfadfDisplayMap.phgfile and copy ito the server.

displayNames();

station = inputS.value();

station2 = inputS2.value();
caption00.html(station);
caption02.html(station2);

sWidth = textWidth(station)*1.15;
sWidth2 = textWidth(station2)*1.15;

if ((optionSelected=="ed itStation")&&(mouselsPressed==true)&&(x<950))

selectStationEdit();
}

if (mouselsPressed==true)

{
if((x<940)&&(y<580))

Go to themapFunctions.phgile andbeginthe selectStationEdit( Junction as shown below.

-
function sele  ctStationEdit()
{
for (i=1;i<=stationCount ;i++)
{
xCentre=stationObj[i].xpos;
yCentre=stationObj[i].ypos;
Xdiff = abs(xCentre - (x+transH));
Ydiff = abs(yCentre - (y+transV));
if (Xdiff<20)&&(Ydiff<20))
{
statio nlD=stationObj[i].stationID;
stationName=stationObj[i].stationName;
var res = stationName.split("*");
inputS.value(res[0]);
station=res|[0];
if(res[1]>")
inputS2.value(res[1]);
station2=res[1];
}
else
{
inputS2.value(" ");
station2=";
}
}
}
\
</script>
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Insert a further block of code into theelectStationEdit( junction as shown below.

else
{
inputS2.value(");
station2=";

}

/ caption00.html(stat ion); \
caption02.html(station2);

sWidth = textWidth(station)*1.15;
sWidth2 = textWidth(station2)*1.15;
var labelPos= stationObj[i].position;
stationIDwanted = stationID;
switch(labelPos)

{
case '0': setPosition0 (); break;
case '1": setPosition1(); break;
case '2": setPosition2(); break;
case '3": setPosition3(); break;
case '4": setPosition4(); break;
case '5': setPosition5(); break;
case '6": setPosition6(); break;
case '7": setPosition7(); break;

case '8": setPosition8(); break;

</script>

Savethe mapFunctions.phgdile and copy it to the server.

When theselectStationEdit( junction is called, it checks each of thimtion objed¢s to determine whether
any oneof themlieswithin 20 pixels of the point where the mouse pointer was clicked. If so, the mouse
pointer coordinates are transferred to the X and Y edit boxes. The station name is split into two lines of
text if necessarythen written to the edit boxes. Finally, the station name is displayed as a caption in the
correct position relative to the station symbol.

Run the web page, selecting the 'Edit station' option. Check that stations can be selected by clicking the
mouseon the map, and the station details entered previously are displayed. It should be possible to edit
the station xy map location by dragging the red circle. The station name can be edited in the text boxes,
and the label position changed by means of #meay of buttons.

x [1855 ]
v [0 ]

Station name

Old Street ==

C

F_arri.ng don’

ussell

3quare Barbican

=Moorgatee | Moorgate ‘

ghancery Lane
o ey s

¢ LivLiverpool
Street

selected

We can now complete the database operations for updating and deleting station red@ai the end of

the staffDisplayMap.phgfile wherethe empty editStation( )function has been inserted. Add the lines of
program code shownddow, which display a confirm dialogue box. If the user clicks 'OK’, the program loads
the addStation.php page, with information about the editing required included as parameters in the URL
page address.
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function editStation()

{

4 const xloc = inp utX.value(); )
const yloc = inputY.value();
result = confirm('Edit this station’);
if (result==true)
{
window.location = "addStation.php?x="+xloc+"&y="+ yloc+
"&stationName="+inputS.value()+"*"+inputS2.value()+"&position="+
positionNo+"&action=edit&stationID="+station|Dwanted+
"&Hscroll="+HscrollPosition+"&Vscroll="+VscrollPosition;

else

newX=0;
newY=0;
\J Y,
}

Go now to the emptyleleteStation( )function immediately bela. Add the lines of program code shown
below. A confirm dialogue box is again displayed, then the program loads the addStation.php page. Details
of the station to be deleted are attached to the URL address as parameters.

Save thestaffDisplayMap.phpfile and copy it to the server.

function deleteStation()

{
4 const xloc = inputX.value(); )
const yloc = inputY.value();
result = confirm('Delete this station');
if (result==true)
{
window.location = "addStation.php?x="+xloc+"&y="+ yloc+
"&stationName="+inputS.value()+"*"+inputS2.value()+"&position="+
positionNo+"&action=delete&stationID="+station|Dwanted+
"&Hscroll="+HscrollPosition+"&Vscroll="+VscrollPosition;
}
else
{
newX=0;
newY=0;
\ J

Return to theaddStation.phpfile. Replace théstations::addStation( fommand withthe lines of program
code below. These obtain a variaBlectionwhich determines whether a station is to be added, edited or
deleted. The apmpriate method in the Stations class file is then run.
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$xpos=$_REQUEST[X];
$ypos=$_REQUEST[Y;
$position=$_REQUEST['position;
$Hscroll=$_REQUEST['Hscroll'];
$Vscroll=$_REQUEST]['Vscroll;
include (‘Stations.php";

4 $action=$_REQUEST['action’];

$stationID=$_REQUEST['stationID'];

if ($action=="add")

{

}
if (Paction=="edit')

{
}

if (Paction=="delete")

{

Stations::addStation($stationName,$xpos,$ypos,$position);

Stations::editStation($stationID,$stationName,$xpos,$ypos,$position);

Statio ns::deleteStation($stationID);
\ J
header('Location: staffDisplayMap.php?option=station&Hscroll=".
$Hscroll.'&Vscroll="$Vscroll);

>

Save theaddStation.phpfile and copy it to the server.

Return to theStations.phpclass file. A method has already been written to add a station. Insert the two
methods below which will allow station records to be updated or deleted in the database.

public static function editStation($stationID,$stationName,$xpos,$yp 0s,$position)
{

include(‘user.inc');

$conn = new mysqli(localhost, $username, $password, $database);

if (!$conn) {die("Connection failed: ".mysqli_connect_error()); }

$query = "UPDATE stations SET StationName="$stationName',Xpos="$xpos', :@

Ypos="$ypos',Position="$position' WHERE StationID ='$stationID";
$result=mysqli_query($conn, $query);
mysqli_close($conn);

}
public static function deleteStation($stationID)
{
include(‘user.inc');
$conn = new mysqli(localhost, $us ername, $password, $database);
if (!$conn) {die("Connection failed: ".mysqli_connect_error()); }
$query = "DELETE FROM stations WHERE StationID ='$stationID™;
$result=mysqli_query($conn, $query);
mysqli_close($conn);
- ! J
}
>

SaveStations.ghp and copy it to the server Run the web page and select the 'Edit station' option. Check
that the name text and label position can be changed for a station, and that the station can then be deleted
successfully.
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At this stage we can begin s&t up the View user mapoption. This will allow staff to preview the map

which will be displayed to users of the website.

Return to thestaffDisplayMap.phgfile and locate thadraw( ) function. Replace thémage( )command

and addprogram codeas shevn below. When the 'View user map' option is selected, the London
Underground map image will not be displayed, but instead a white background will be set for the scroll
window. The stations entered will then be plotted as grey circle symbols, alonghwitmame captions.

function draw()

{
transV = map(VscrollPosition, 0, (height
transH = map(HscrollPosition, 0, (width
push();
translate(  -transH, -transV);

-14), 0, 1890
-14), 0, 2560

- height);
- width);

if (optionSelected=="map’) A
background(255);
}
else
{
image(img1, 0, 0);
- J
pop();

if (optionSelected=="map’)

displayNames();
displayStations(225,225,225);
}

if (optionSelected=="station")
displayStations(255,120,0);

if ((optionSelected=="station’)||(optionSelected=="editStation"))

Save thestaffDisplayMap.phpfile and copy it to the server. Run the web page and select the 'View user
map' option. Check that the stations which you entered earlier &played, and that the map can be

saolled correctly, as in the image below.
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We will return to complete the 'View user map' option when the routes of underground lines have been

entered.
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We can now move on tenter the underground lines.The first step is to set up a database table to store
the names of underground lines and their colour codes for display on the map. On the oféip, some
lines are shown in solid colour whilst others are shown by outlines:

s Bakerloo
s Central
Circle

London Overground

London Trams
DLR

An additional paramete'solid will be included, which can be settime or false

Open thePHP MyAdmin web site for your database and list the existing tables. Select the 'New' option and
create a table with the nam#éine'. Insert fields as shown below. Seli#eelDto be the primary key field

with data typeinteger, and set this to auténcrement as records are added. TimeNamefield is of type
varcharwith a size of 40 characters. ToelourCodefield is also set tearcharwith a size of 12 characters.

Thesolidfield is of data typdroolean

# MName Type Collation

1 linelD 2> int(11)

2 lineName  varchar(40) latin1_swedish_ci
3 colourCode varchar{12) latin1_swedish_ci
4 solid tinyint(1)

Attributes Mull
Mo

Mo
Mo
Mo

Default Comments Extra

None AUTO_INCREMENT
None

Nons

1
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The next step is teet up aLineclasgto handle the transfer of database recordSpen a blank file and add

the lines of program code belowl’hese begin by defining the attributes for a Line object, which
correspondwith the fields of the database table. The attributes have been npaddic to allow easy

conversion from PHP to an equivalent set of JavaScript objects. A constructor method is then added, along
with a method to save Line records into the database.

<?
class Line
{
public static $lineObj = array();
public $linelD;
public $lineName;
public $colourCode;
public $solid;
function __construct($linelD,$lineName,$colourCode,$solid)
{
$this - >linelD = $linelD;
$this - >lineName = $lineName;
$this - >colourCode = $colourCode;
$this - >solid = $solid;
}
public static function addLine($lineName,$colourCode,$solid)
{
include(‘user.inc');
$conn = new mysqli(localhost, $username, $password , $database);
if (!$conn) {die("Connection failed: ".mysqli_connect_error()); }
$query = "INSERT INTO line VALUES
(",'$lineName’,'$colourCode’,'$solid")"; :ﬁ
$result=mysqli_query($conn, $query);
mysqli_close($conn);
}
}
?>

Save the file akine.phpand copy it to the server.

The input of underground lines and routes will take place on a new web page. Open a blank file and add
the lines of program code showin the two boxesdelow. Save théle asaddLinesphp.

<?
$optionSelected = $ REQUEST['option'];
include (‘'mapFunctions.php");
?>
<htmI>
<head>
<title>London Underground route planning</title>
<link rel="Stylesheet" type="text/css" href="styleSheet.css" />
<script src  ="pb5.js"></script>
<script src="p5.dom.js"></script>
</head>
<body>
<?
include('staffMenu.php’);
>
<br>
<script type="text/javascript">
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var VscrollPosition=300;
var HscrollPosition=400;
var Hscroll=false;

var Vscroll=fa Ise;

function preload()

imgl=loadimage("tubemap.jpg");
}

function setup()

optionSelected= <? echo js on_encode($optionSelected); ?>;
createCanvas(1000, 654);
captionL = createElement('h3', 'Line name' );
captionL.position(1050, 80);
inputL = createlnput();
inputL.position(1050, 116);
inputL.size(250);
captionC = createElement('h3', '‘Colour code');
captionC.position(1050, 140);
colourL = createColorPicker('#aa88aa);
colourL.position(1160 , 150);
checkS = createCheckbox('solid', true);
checkS.position(1240, 150);
button = createButton(‘add line");
button.position(1080, 200);
}
</script>
</body>
</html>

The page creates a scrolling window to display the underground mageinm a similar way to the page
where stations were entered. Input boxes are then added to allow details of underground lines to be
entered.

Insert adraw( ) function underneath the setup( ) function, as shown below. This handles scrolling of the
map. Save theaddLinesphp file and copy it to the server.

~

function draw()
{
transV = map(VscrollPosition, 0, (height -14), 0, 1890 - height);
transH = map(HscrollPosition, 0, (width -14), 0, 2560 - width);
push();
translate(  -transH, -transV);
image(img1l, 0, 0);
pop();
Hscrollbar(HscrollPosition);
Vscrollbar(VscrollPosition);
X=mousexX;
y=mouseY,
scrollMove();

\ J
</script>

</body>
</html>
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Run the web site, selecting the 'Add Underground line' optiame familiar scrolling map should be
displayed, along witimput controls including a textox forentering theUnderground linename A key to
colour codes should be found in a corner of the nrapge.
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A colour selection button is present the right of the caption 'Colour code'. Click this button and
investigate how colours may be selected from a{oppwindow.
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The user will enter underground line records by typing the line name, selectirdjgplaycolourfor the

line, and using the tick box to specifshether solid or outline colouring is to be usedlVe will now

produce a method to save the record erinthe 'add line' button is clicked.

Go to the end of the thaddLinesphpfile and insert thesaveLine( Jnethod shown below.
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function saveLine() A
{

result = confirm(*‘Add this line");

if (result==true)

{
noStroke();
fill(colourL.color());
rect(0, 0, 20, 20);
loadPixels();
var index = (10 + (10 * width)) * 4;
var r = pixels[index];
var g = pixels[index+1];
var b = pixels[index+2];
localStorage.setltem('red’, r);
localStorage.setltem('green’, g);
localStorage.setltem('blue’, b);
window.location = "updateRoute.php ?lineName="+inputL.value()+ :ﬁ

"&red="+r+"&green="+g+"&blue="+b+"&solid="+checkS.checked();

! Y,
</script>
</body>

Return to thesetup( )function of theaddLinesphpfile. Insert a line of program code which will call the
saveLim( )function when the button is clickedSave the file and copy it to the server.

checkS = createCheckbox('solid’, true);
checkS.position(1240, 150);

button = createButton(‘add line");
button.position(1080, 200);

( button.mousePr essed(saveLine); )

Saving of the record will be controlled by another web page which we will create now. This page will not be
visible to the user when the program run@pen a blank file and add the lines of program code below.

<?
$lineName=$_REQJEST[lineName'];
$red=$_REQUEST['red;
$green=$_REQUEST['green'];
$blue=$_REQUEST['blue’;
$checkS=$ REQUEST['solid];
if ($checkS=="true")
$solid = 1;
else
$solid=0;
$colour Code=$red.",".$green.",".$blue;
include('Line.php") ;
Line::addLine ($lineName,$colourCode,$solid);
header('Location: add Lines .php?option=line");
?>
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Save the file agpdateRoute.phpand copy it to the server. Run the website, selecting the 'Add
Underground line' option. Enter records for severatdinspecifying the line name, display colour, and
whether colouring is solid or outline.

Go to the PHP MyAdmin website and selectlthe table. Check that records have been entered correctly.
The colour code will be shown as three integer valugkerrange 6255 which specify the red, green and
blue components of the colour code. Solid line display is indicated by a value of 1, with a 0 value for outline

display.

linelD
1

2
3
4

lineName

Central
MNorthern
Circle

Victoria

colourCode

227,44 36
36.32.33

248,210.8
8,155,212

solid

1
1
1
1

A final task is to create a key for the map which lists the Undergrounddimedisplays their colour codes.

In preparation for this, we will add another definition to the style sheet file.

Open thestyleSheet.csfile. Go to the end of the current entries and insert the style block shown below.

SavestyleSheet.csand copytito the server.

K

\ }

div.lineTable {

position: absolute;

top: 300px;

left: 1040px;

width: 280px;
background - color: white;

~

J

Return to theLine.phpclass fileand insert a method to load the line records from the database.

{

\_}

include (‘user.inc’);

$conn = new mysgli(localhost, $username, $password, $database);
if (!$conn) {die("Connection failed: ".mysqli_connect_error()); }
$query="SELECT * FROM line ORDER BY lineName";
$result=mysqli_query($conn, $query);

public static function loadLines()

$num=mysqli_num_rows($result);

mysqli_close($conn);
$i=1;
while ($i <= $num)

{

$row=mysqli_fetch_assoc($result);
$linelD =$row[" linelD" ];
$lineName =$row[" lineName" ] ;
$colourCode =$row[" colourCode" ];

$solid =$row[" solid" ];

$obj = new Line($linelD,$lineName,$colourCode,$solid);

Line::$lineObj[$i] = $obj;

$i++;
}

return $num;

~

}

?>
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It is conventient to also create a methadthe Line.phpclass file which will display the key on the web
page. Go to the bottom of the class file and addlihelist( ) method shown below.Saveline.phpand

copy it to the server.

-
public static function linelist($lineCount)
{
echo"<div class='lineTable'>";
echo"<table border=0>";
for ($i=1;$i<=$lineCount; $i++)
{
$lineName=Line::$lineObj[$i]
$colourCode=Line::$lineObj[$i]
$solid=Line::$lineObj[$i]
echo" <tr  height=5px >";
echo" <td width=80px>";
if ($solid==true)
{
echo"<hr size='8' style="background
}

else

{

}

echo" <td width=40></td>";

echo” <td style="font
}
echo'</table>";
echo"</div>";

\_ !}

- >lineName;
- >colourCode;
- >solid;

echo'<hr style="height: 4px; border: 1px solid

- size: 14px;>".$lineName."</td>

- color:rgb(".$colourCode.");"></td>";

=

rgb(".$colourCode.");'></td>";

<ftr> "

}

>

Return to theaddLinesphpfile and add program code at the beginning of ##dy>section as shown
below. This will load the Underground line records from the database thefadithemapkey.

<body>
<?
include('staffMenu.php’);

include('Line.php");
$lin eCount=Line::loadLines();
Line::linelist($lineCount);

?>
<br>
<script type="text/javascript">

SaveaddLinesphp and copy it to the server. Run the website, selecting the 'Add Underground line' option.

It may be necessary to hold down 'CTRL' whiiskiog the refresh icon, to ensure changes to the style
sheet take effect. ihes should bédisted in alphabetical order, with colour codes displayed.
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Itis left as a programming exercise to prodectt and delete methods for Undergroundnkes if required.
We will now move on to the task of entering lines to connect stations.

Routes will be entered on a new web padg@penablank file andadd the lines of program code below.
Savethe fileasaddRoutes.php

<htmI>
<head>
<titte>Lond on Underground route planning</title>
<link rel="Stylesheet" type="text/css" href="styleSheet.css" />
<script src="p5.js"></script>
<script src="p5.dom.js"></script>
</head>
<body>
<?
include('mapFunctions.php');
include('staffMenu.php ;
include('Line.php’);
$lineCount=Line::loadLines();
Line::linelist($lineCount);
?>
</body>
</html>

After loading various resource files required by the page, the program displays the key panel which lists the
underground lines and shows th&iolour codes.

Return to the<body>section of the file and add the lines of p5.js JavaScript code shown bEh@w.
program works in the same way as previous pages, loading the underground map image and displaying it in
a scrolling windowSave theaddRoues.phpfile and copy it to the server.
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$lineCount=Line::loadLines();
Line::linelist($lineCount);
?>
<br> N
<script type="text/javascript">
var VscrollPosition=300;
var HscrollPosition=400;
var Vscroll=false;
var Hscroll=false;
f unction preload()
imgl=loadimage("tubemap.jpg");
}
function setup()
{
createCanvas(1000, 654);
}
function draw()
{
transV = map(VscrollPosition, 0, (height -14), 0, 1890 - height);
transH = map(HscrollPosition, 0, (width -14), 0, 2560 - width);
push();
translate(  -transH, -transV);
image(img1l, 0, 0);
pop();
Hscrollbar(HscrollPosition);
Vscrollbar(VscrollPosition);
X=mousexX;
y=mouseY,
scrollMove();
}
</script> /
</body>
</html>

Run the website, decting the 'Add link to route' option. Check that the scrolling map window works
correctly, and that the list of underground lines is displayed to the right of the window.

Return to theaddRoutes.phgile. We will now add a drop down list which wilbal the user to selecan
underground linealong which they magnter a sequence of stations. Go to the start of #imdy>section
and add the lines of program code belowhefirst Line in the alphabetical list will lset asthe default

value.

<body>

<?
include (‘'mapFunctions.php");
include('staffMenu.php");
include('Line.php");
$lineCount=Line::loadLines();
Line::linelist($lineCount);

$lineWanted= Line::$lineObj[1 ]->lineName;

$newLine=$ REQUEST[lineWantedT;

if (strlen($ne wLine)>1)
$lineWanted=$newLine;

7>
<br>
<script type="text/javascript">
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Go now to the<script>block and add program code to tisetup( )function as shown. The lines of code
begin by converting the set of PHP Line objects into an equivalent §avaScript objects. The names of
the underground lines are then inserted into a drop down selection list. Buttons are added to allow the
user to save or cancel a sequence of stations selected on the map.

function setup()

createCanvas(1000, 654);

- lineCount= <? echo json_encode($lineCount); ?>; I
lineObj = <? echo json_encode(Line::$lineObj); ?>;
lineWanted = <? echo json_encode($lineWanted); ?>;
sel = createSelect();
sel.position(1050, 80);
sel.size(250, 30);
sel.changed (selectEvent);
for (i=1;i<=lineCount;i++)
{

sel.option(lineObj[i].lineName);

sel.selected(lineWanted);

button = createButton('add links');
button.position(1100, 200);
button.mousePressed(saveLinks);

button = createButton('c lear");
button.position(1200, 200);
\ button.mousePressed(clearLinks); /

}

When an underground line is selected from the diaigowvn list or one of the buttons is clickesl JavaScript
function will be called to process the request. Go to the bottufrthe <script>block and insert the blank
functions; we will return later to add program code to these.

Hscrollbar(HscrollPosition);
Vscrollbar(VscrollPosition);
X=MOouseX;

y=mouseY,

scrollMove();

}

function selectEvent()

{
}

functi on saveLinks()

{
}

function clearLinks()

{

! Y,

</script>
</body>
</html>
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Save theaddRoutes.phdile and copy it to the server. Refresh th&dd link to route' page. A dregiown
selection box should list the underground lines, and two buttiearge been added as in the example below.

Edit station Add Iink to route View User map Log out
[»F
-
ng's Cross
L Pancras |EIEIKEI[DD T ‘
add links | | Clear |
Russell
Square
Liverpool
Street ==
Aldga [ Bakerloa
arden
. e
5t Paul's i Central
e ‘ = Circle
2=Cannen Street Monamient . (Tower —— District
<= Hill
Manslan House 0 Fanibw ich Sireet | — DLR

Return to the<body>section of theaddRoutes.phgile and add the lines of program code shown below.

$lineWanted= Line::$lineObj[1 ]->lineName ;

$newLine=$_REQUEST[lineWanted';

if (strlen($new Line)>1)
$lineWanted=$newLine;

echo"<div class='linkTable">";
echo'<table border=0>";
for ($i=1;$i<=$lineCount; $i++)

{
$lineName=Line::$lineObj[$i] - >lineName;
if ($lineName==$lineWanted)
{
$colourCode=Line::$lineObj[$i] - >colourCode;
$solid=Line::$lineObj[$i] - >solid;

echo” <tr height=5px >";
echo” <td width=80px>";
if ($solid==true)

{
echo"<hr size='8' style="background - color:rgb(".$colourCode.");'></td>";
}
else
{

echo"<hr style="  height:4px; border:1px solid rgb(".$colourCode.");'></td>";

}

echo" <td width=40></td>";

echo" <td style="font - size: 14px;>".$lineName."</td>";
echo"</tr>";

}

echo'</table>";
\_ echo"</div>";

7>
<br>
<script type="text/javascript">
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We have improved the display by showing the currently selected underground line, along with its colour
code, in a small panel beneath the dredpwn list box.

Bakerloo T |

] Bakearloo DLR

e | DOLR

Go now to the emptgelectEvent( Junction and add a line of program code as shown. Whisause the
page to be reloaded when a different underground line is selected, allowing the small panel containing the
line name and colour code to be redrawn.

function selectEvent()

{

( window.location = "addRoutes.php?lineWanted="+sel.value 0; )

}

Save theaddRoutes.phile and copy it to the server.

Finally, @en thestyleSheet.cséile and add formatting commands for thi@kTable divisiomas shown
below. Save thetyleSheet.cséile and copy it to the server.

div.linkTable {
position: absolute;
top: 120px;
left: 1040px;
width: 280px;
background - color: white;

Refresh the 'Add link to route' pagét may be necessay to hold down the CTRL key whilst clicking the page
refresh icon, to ensure that the update to the style sheas lveen applied to the page.

Check that the correct colour code and line name is displayed when a new selection is made from the drop
down list when the page is reloaded.

? JEVEN RINES
Iiford District v

nor Park

C— District
Woodgrange
Park

\ Dagenham

Dagenham Heat \qullnﬁs\ _clear !

Becontree

The rext step igo add stationmarkers to the map.We can make usef the displayStations( function
stored in the mapFunctions.php file to do this.

Return to theaddRoutes.phgdile. We will begin by loading the set$fation objects Add lines of
program code at the start of thebody>section as shown below.
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<body>
<?
include (‘'mapFunctions.php');

( include ('Stations.php"); j

$stationCount=Stations::loadStations();

include('staffMenu.php’);
include('Line.php");
$lineCount=Line::loadLines();
Line::linelist($lineCount);

Locate he setup( )function in the<script>block. Add lines of program codedonvert the PHP Station
objects to an equivalent set of JavaScript objects.

function setup()

createCanvas(1000, 654);
( stationObj = <? echo json_encode(Stations::$stati onObj); 7>, j

stationCount = <? echo json_encode($stationCount); ?>;

lineCount= <? echo json_encode($lineCount); ?>;
lineObj = <? echo json_encode(Line::$lineObj); ?>;
lineWanted = <? echo json_encode($lineWanted); ?>;

Go now to thedraw( ) functionand add a line of code to call tlksplayStations( Junction.

translate( -transH, -transV);
image(img1l, 0, 0);
pop();
( displayStations(255,255,255); )

Hscrollbar(HscrollPosition);
Vscrollbar(VscrollPosition);

Save theaddRoutes.phdile and copy it to the server. Refresh the page and check that station markers are
displayed as white circles.

We will now develop the user interface to allow underground routes to be entered. This will be done by
dragging the mousacrossa sequence of stains.

Farringd
Piccadilly
o Stre
— Piccadilly
ble A O
e Arc Tottenham
Covent Garden
Lancaster =
by Gate add links [ ] clear |
Leicester Square
Hyde Par er ;
R Piccadilly =2=Canr
nsington Circus

EachStation object will be allocated a corresponding variable stationSelected[ Jarray. The array
values will be initialised t0, indicating that no stations have been selected on the map. When the user
drags the mouse over a stationrsipol or clicks on a symbglhe correspondingarray value will be reset to
1to indicate that the station has now been selected.
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Return to theaddRoutes.phgdile and locate the<script>block. Insert a line of code to define the
stationSelected[ | array.

var VscrollSelected=false;
var HscrollSelected=false;

( var stationSelected = [J; )

function preload()

Go now to thesetup( )function and add lines of code to intialise each element of the stationSelected]| ]
array to 0.

stationObj = <? echo json_encode (Stations::$stationObj); ?>;
stationCount = <? echo json_encode($stationCount); ?>;

for (i=1;i<=stationCount ;i++)

{
}

lineCount= <? echo json_encode($lineCount); ?>;

stationSelected]i]=0;

Move now to thedraw( )function and add the block gfrogram code shown below.

image(img1l, 0, 0);
pop();
displayStations(255,255,255);
4 if (mouselsPressed==true) )

{
if((x<940)&&(y<580))
{

stationID=0;

for (i=1;i<=stationCount ;i++ )

{
xCentre=int(stationObj[i].xpos);
yCentre=int(stationObj[i].ypos);
Xdiff = abs(xCentre - (x+transH));
Ydiff = abs(yCentre - (y+transV));
if ((Xdiff<10)&&(Ydiff<10))
{

stationID=stationObj[i].stationID;
xCentreWanted=stationObj[i].xpos;
yCentreWanted=sta tionObj[i].ypos;
stationSelected[i]=1;
}
}
}
}
for (i=1;i<=stationCount ;i++)
{
xCentre=int(stationObj[i].xpos);
yCentre=int(stationObj[i].ypos);
xpos = xCentre - transH;
ypos = yCentre -transV;
if (stationSelected[i]==1)

fill(255,0,0);
ellipse(xpos,ypos,14,14);

}
NG, )

Hscrollbar(HscrollPosition);
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When the user drags or clicks the mouse on the map, the program will check for any station within 10 pixels
of the mouse pointer. If fouth the correspondingtationSelected[ Jarrayelement will be setto 1. A
program loop then checks the array and highlights all selected stations in red.

Save theaddRoutes.phdile and copy it to the server. Refresh the 'Add link to route' page.olildhnow
be possible to select a series of stations along an underground liokcking ordragging the mousever
the station symbols.

You may discover @uple ofproblems. If a series of stations are highlighted then an underground line is
selectedfrom the dropdown list, the highlighting is lost when the page reloadle.avoid this, we must

retain the values in thetationSelected[ Jarraywhen the page is reloaded. Another fault is that the scroll
position of the map may change during the pagmad. This can be avoided by retaining the values for the
horizontal and vertical scroll positions.

Return to theaddRoutes.phgile and add lines of program code at the start of #iwody>section. These
reload the values for tharray and scroll pasons when the page is reloaded.
</head>

<body>
<?

$selectString=$_REQUEST['selectStringT;
$lineChange=$_REQUEST[lineChange;
$Hscroll=$_REQUEST['Hscroll;
$Vscroll=$_REQUEST['VscrollT;

include (‘'mapFunctions.php");
inclu de (‘Stations.php');

Locate theselectEvent( Junction. Replace th&indow.locationline, so that data for the selected stations
and map scroll positions will be included in the URL when the page is reloaded.

function selectEvent()
{
window.loc ation = "addRoutes.php?lineWanted="+sel.value()+"&Vscroll="+
VscrollPosition+ "&Hscroll="+HscrollPosition+"&selectString="
+selectString  +"&lineChange=YES" ;
}

A convenient way to transfer thaationSelected[ Jarray is to convert it into atring, with each array
element separated by a comma. For example, the sequence of values:

stationSelected[1]= 0: stationSelected[2]= 1: stationSelected[3]= 1. stationSelected[4]=0
is trarsferred as the string: selectString =0,1,1,0

Go to the start of the<script>block and add a line of program code to define #atectStringvariable.

var HscrollSelected=false;
var stationSelected = [];

( var selectString; )

function preload()

409



Web-based programnmg projects

Move now to thesetup( )function and add the block of program code shown below. This code converts
the input variables from PHP to JavaScript, the uses the scroll values to reset the position of the map. The
selectStringvariabk is then split at each comma to recreate stationSelected[ Jarray.

stationObj = <? echo json_encode(Stations::$stationObj); ?>;
stationCount = <? echo json_encode($stationCount); ?>;

/ selectString= <? echo json_encode($selectString); ?>; \
li neChange= <? ech o json_encode($lineChange); ?>;
Hscroll = <? echo json_encode($Hscroll); ?>;
Vscroll = <? echo json_encode($Vscroll); ?>;
if ((Hscroll>0)||(Vscroll>0))
{

VscrollPosition=Vscroll;
HscrollPosition=Hscroll;

}
if (lineChange =="YES")
{
stationSelected=selectString.split(",");
}
else
! J
for (i=1;i<=stationCount ;i++)
{
stationSelected]i]=0;
}

@ )

lineCount= <? echo json_encode($lineCount); ?>;

It just remains to add code to creatie selectStringvariable before the page is reloaded.

Go to thedraw( ) function and add the lines of program code shown.

function draw()

{

selectString=";
for (i=1;i<=stationCount ;i++)

{
selectString=selectString+','+stationSelected]i];
}
transV = map(VscrollPosition, 0, (height -14), 0, 1890 - height);
transH = map(HscrollPosition, 0, (width -14), 0, 2560 - width);

Save theaddRoutes.phdile and copy it to the server.

Refreshthe 'Add link to route' pageSelected stations shoultbw be retained if the line is changeahnd
the map should be redrawn with thecroll positiorunchanged, as in the example below.
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A final task is to activate the 'clear' button. Return to #uelRoutes.phfile and locate theclearLinks()
function. Add the line of program code shown below, thersage the fileand copy it to the server. Check
GKIFIG adriarzya OFry 0S aStSOGSR: GKSy GKS asStSOlAzy

function clearLinks()
{
window.location = "addRoutes.php?Vscroll="+VscrollPosition :i
+"&Hscroll="+HscrollPosition;
}

We now have a functioning user interface and can movéaecordlists of the links entered. These lists
can then be stagd in the database and used in calculating the most suitable journey routes. A first step
will be to collect the ID numbers of stations as they are seleatetlbuild these into a string of data. The
link stringwill be displayed on the web pader test purposes so that we can check that stationlID values

are being added correctly.

Farrin;
| Piccadilly v
Piccadilly
8 51,50,24,17,96,
HER | add links | | clear |
Leicester Square
Piccadilly 2=Ca
Circus

Return to theaddRoutes.phgfile to addthe program codewnhich willrecordthe station sequences.

Go to the start of the<script>block and insertwo newvariables:

var stationSelected = [];
var selectString;

var linkString=";
var currentStation=0;

function preload()
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Move up to the start of the<body>section and add a line of code to obtain tikStringvalue when the
page is reloaded.

<body>
<?

( $lin kString=$_REQUEST['linkString']; )

$selectString=$_REQUEST['selectString'];
$lineChange=$_REQUEST['lineChange';

Within the setup( )function, add line of codeas shown below. e PHRinkStringis convertedo an
equivalent JavaScript variablden displayed as a caption below the selection box on the right of the page.

lineCount= <? echo json_encode($lineCount); ?>;
lineObj = <? echo json_encode(Line::$lineObj); ?>;
lineWanted = <? echo json_encode($lineWanted); ?>;

linkString= <? ec ho json_encode($linkString); ?>;
captionC = createElement('h3', 'linkString");
captionC.position(1050, 140);
captionC.html(linkString);

sel = createSelect();
sel.position(1050, 80);
sel.size(250, 30);

Go next to thedraw( ) function andadd lines of program code as shown below.

if((x<940)&&(y<580))
{

stationID=0;

for (i=1;i<=stationCount;i++)

{
xCentre=int(stationObij[i].xpos);
yCentre=int(stationODbij[i].ypos);

[ if ({(i==currentStation)) J
{

Xdiff =ab s(xCentre - (x+transH));

Ydiff = abs(yCentre - (y+transV));

if ((Xdiff<10)&&(Ydiff<10))

{
station|D=stationObj[i].stationID;
xCentreWanted=stationObj[i].xpos;
yCentreWanted=stationObj[i].ypos;
stationSelecte  d[i]=1;

currentStation = i;
if ((linkString==null)||(linkString=="null’))
linkString=stationObj[currentStation].station|D+",";
else
linkString += stationObj[currentStation].stationID+",";
captionC.html(linkString);
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The p5.js programming system operates by repeatingdttaev( ) function at a frame rate of 30 times per
second. This allows smooth animation for scrolling the map and dragging the mouse to highlight stations.
However, it is necessary to adakt

if (!(i==currentStation))
condition to ensure that each new stationlD is added to the link string only once, and not every time that
the draw( ) function is repeated.

Finally, go to theselectEvent( Yunction andupdate the window.location line, so that the linkString variable
is included in the URL when the page is reloaded after selecting an underground line.

function selectEvent() {

window.location = "addRoutes.php?lineWanted="+se l.value()+"&Vscroll="
+VscrollPosition+"&Hscroll="+HscrollPosition+
"&lineChange=YES&IlinkString=" +linkString+"&selectString="+selectString;

Save theaddRoutes.phdile and copy it to the serveRun the website, logging as a member of staff.
Click the 'Add link to route' menu option.

Select a sequence of statiorsmthat the station markers are highlighted in red as the mouse is dragged
over them. Check that numbers are added to the link string which is displeyed the dropdown
selection box for underground lines.

Go tothe PHP MyAdmin web page and select sketionstable. Check that the correct sequence of
station|Dvalues are now shown in the link string.

With the station selection procedure working coctly, we camow move on to store the data in the
database.

Return to theaddRoutes.phgfile and add lines of program code to thavelLinks( junction as shown.
Save theaddRoutes.phfile and copy it to the server.

function saveLinks()
{
result = confirm('Add these links for the '+lineWanted+' line');
if (result==true)
{
window.location = "updateConnections.php?lineName=" :ﬁ
+sel.value()+"&linkString="+linkString;
}
}

Open a blank file and savt asupdateConnections.php Copy the file to the server.

Run the 'Add link to route' web page and highlight a sequence of stations along an underground line. Select
the correct underground line from the dregiown list. Click theadd links' button. A confirm dialogue box
should appear.

Add these links for the Central line View user map

‘ Central T

e Central
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Clicking 'OK' should take you to the blargdateConnections.phpage This page will handle file

operations. When the program is completed it will not be visible to the user, but we can temporarily allow
the page to display information for test purposes. The first piece of data needed is the ID number of the
underground line. Go tapdateConnections.ph@and add the following code:

<?
$lineName=$_REQUEST[lineName';
echo"<p>lineName = ".$lineName;
include('Line.php");
$linelD=Line::getIDfromName($lineName);
echo"<p>Line ID = ".$linelD;

?>

Save thaupdateConnections.phiile and copy it to the server.

It is necessary to add another method to thime clas$o obtain the linelD. Open thieine.phpfile and add
the method shown below. Save the file and copy it to the server.

public static function getIDfromName($lineName) )
{
$lineCount = Line::loadLines();
for($i=1;$i<=$lineCount;$i++)
{
if (Line::$lineObj[$i] ->lineName == $li neName)
{
$linelD = Line::$lineObj[$i] - >linelD;
}
return $linelD;
\__} J
}
>

Return to the 'Add link to route' web page, enter a sequence of stations and select the corresponding
underground line. Clickhe ‘add links'button and select 'OK'.

TheupdateConnections.phpage should open, with the name and ID number for the underground line
displayed. Go the the PHP MyAdmin web page and opelindaéable. Check that the linelD value is
correct.

The next step is to disptahe sequence of stations which were selected. Return to the
updateConnections.phfiile and add the lines of program code below.

include('Line.php");
$linelD=Line::getIDfromName($lineName);
echo"<p>Line ID = ".$linelD;

4 $linkString = $ REQUEST['  linkString";
$linkArray=(explode(",",$linkString));
$linkCount= count($linkArray);
echo"<p>StationID links:";

for ($i=0;$i<$linkCount;$i++)

{

echo"<br>".$linkArray[$i];
! J

>
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Save thaipdateConnections.phgile and copy it to the serverRefresh the web page and check that the
correct sequence of stationID numbers are now listed.

lineName = Piccadilly

Line ID = 168
StationlD links:
8

51

We can now moven to store the sequence of stations the database.Go to the PHP MyAdmin website
for your database. List the existing tableglaelect the 'new' option.

Createatable with the nameaoutePoint. Insert fields as shown below. All fields are of the data type
integer. Select routePointID as the primary key, and set this to-mgieement as records are added.

# MName Type Collation Attributes Mull Default Comments Extra

1 routePointlD 2> int{11) Mo MNaone AUTO_INCREMENT
2 linelD int{11) Mo  Mane

3 stationlD int{11) Mo  Mane

4 pointer int{11) Mo  Mane

5 backpointer int{11) Mo  Mane

& position int{11) Mo  Mone

Routesegments will be stored as linked lis&.new routePoint record will be created for easgected
station and will be allocated @utePointIDby the databaseas in this example:

12 routePointlD | stationlD | pointer | backpointer
23 1 12 2 -1
2 23 3 1
& 3 ] 4 2
4 15 -1 3
15

The station will be identified by igationID. Apointer will be %t to the routePointID of the next station

along the line with the sequence terminated by-& value. A backpointersequence will operate in the

revese direction, indicating the previous station visited. The use of both a pointer and backpointerimakes i
easy to follow the station sequence in either direction.

We will create &outePoint clas® handle data transfers between the web page and the database

The class begins by defining the attributes for a routePoint object, which correspond to tisedi¢he
routePoint table. A constructor method is provided, along with a method for saving routePoint records into
the database.

Open a blank file and add the program code below. Save the fReatePoint.php
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<?

{

class RoutePoint

public static $pointObj = array();
public $routePointID;

public $linelD;

public $stationID;

public $pointer;

public $backpointer;

public $position;

function ___construct($routePointID,$linelD,$stationID,
$pointer,$backpointer,$position)
{

$this - >routePointID = $routePointID;
$this - >linelD = $linelD;

$this - >stationID = $stationID;

$this - >pointer = $pointer;

$this - >backpointer = $hackpointer;
$this - >position = $position;

}

public static function addRoutePoint($linelD,$stationID,
$pointer,$backpointer,$position)

{
include(‘user.inc");
$conn = new mysqli(localhost, $username, $password, $database);
if (!$conn) {die( "Connection failed: ".mysqli_connect_error()); }
$query = "INSERT INTO routePoint VALUES (",'$linelD','$stationID’,
'$pointer','$Shackpointer','$position’)";
$result=mysqli_query($conn, $query);
$routePo intID = mysqli_insert_id($conn);
mysqli_close($conn);
return $routePointID;

=

=

We can now develop an algorithm for inserting sequences of stations along an undergrourichlses

summarised in the flowchart below

When the first sation is entered, thdackpointeris set to-1. Thepointer value is not yet known,
as this will depend on the routePointID which is allocated to the second station by the database

auto-numbering.

When the second station has been entered, the programredurn to update thepointer value for
the first station. Thdackpointervalue for the second station will be set to the routePointID of the

first station, which is now known.

The process continues, with the program returning to updatepgbmter of the previous station after each

new entry. When the last station is reached, fhanter value is set tel.
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Start

Y

Get stationID and linelD for the
first routePoint record

Y

Set backpointer and pointer
values to -1

Y

Save the record and obtain the
routePointID as an autonumber

routePoint

table

Y

Get stationlD and linelD for the
next routePoint record

\
Set backpointer value to the
previous routePointiD.
Set pointer to -1

Y

Save the record and obtain the
routePointID as an autonumber

routePoint

table

Y

Acess the previously saved record and reset
the pointer to the new routePointiD

'

Anaother route
point?

No

Stop

We will add a method to th®outePoint.phpclass fileo update thepointer value in a routePoint record.
Insert the code shown belowt the end of the file Save the file and copy it to the server.
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/public static function updatePointer($IDwanted,$pointer) N
{

include (‘user.inc');

$conn = new mysgli(localhost, $username, $password, $database);

if (1$conn) {die("Connection failed: ".mysqli_connect_error()); }

$query="UPDATE routePoint SET pointer="$pointer' WHERE :ﬁ

routePointID="$IDwanted";
$result=mysqli_query($conn, $query);
mysqli_close($conn);

\ J

}

Returnto updateConnections.phand add a line at the beginning to include the routePoint class.

<?

( include('RoutePoint.php"); )

$lineName=$_REQUEST[lineName;
echo"<p>lineName = ".$lineName;

Program codsds required in thaupdateConnections.phfiile to implement the algorithm for uploading a
station sequence to the database. Add lineshe end of the program ashown below.

echo"<p>StationID links:";
for ($i=0;$i<$linkCount;$i++)

echo"<br>".$linkArray[$i];
}

addLinks($linelD,$linkArray) ;

echo"<form method=post action="addRoutes.php'>";
echo"<p><input type=submit value='continue'>";
echo"</form>";

function addLinks($linelD,$linkArray)
{
$linkCount= count($linkArray);
for ($i=0;$i<($linkCount - 1);$i++)
{
$stationID=$linkArray[ $i);
$pointer= - 1;
$backpointer= - 1;
if ($i>0)
$backpointer=$previous;
$position=0;
$routePointID = RoutePoint::addRoutePoint($linelD,$stationID, :@
$pointer,$backpointer,$position);
if ($i>0)
{

RoutePoint::updatePointer($previous,$routePointID);

}

$previous=$routePointID;

>
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A loop operates for each of the selected stations. A record is inserted into the routePoint table by means of
the method:

addRoutePoint (linelD, stationID, pointer,  backpointer,  position)

using a provisional value for pointer. The program then returns to update the pointer value when the route
point ID for the next station has been allocated by the dassbaThe update is carried out by:

updatePointer (previous routePointID, new routePointID);

Save theupdateConnections.phgile and copy it to the server. Run the website,-logas a member of

staff and select the 'Add link to route' dph. Choose a simple underground line with no branches and no
other line running alongsideUse the mouse to highlight a seriesatfout eightstations along anid

section of thdine, and select theame of theline from the drop down list.

Goodge

pvater 'y Street

Bond |

Tottenham

Holborn
Court Road

ne
ate

Covent Garden

Lancaster
Rueensway Gate

a
X,

Leicester Square

Piccadilly

=
Circus

Street Kensington
N, =Charing () Aansl

Knightsbridge
N Cross

<& 2= Blackf

pcester

Cick the add linksand 'OK' buttons to reach the update connections page, then click ‘continue’ to return
to the map display.

routePointlD.  linglDd  stationlD  pointer  backpointer  position
1 16 ] 2 -1
2 15 51 3 1 0
3 16 &0 4 2 0
4 16 24 & 3 0
5 16 17 & 4 0
i 16 96 T 5 0
7 16 280 2 & 0
3 16 54 -1 T 0

Go to the PHP MyAdmin web page and open the routePoint table. Check that a correct linked list of
stations has been caeted. Thepointer sequence should terminate with-& value, and thédackpointer
sequence should terminate witl when followed backwards from the last table entry. All position values
are currently set ta default value of 0.

Select a sequence of stahs alonga central section odnothersimpleunderground line and add these to
the database. Refresh the database table display. Check that the new set of routePoint records is correctly
connected by pointers to produce a second linked list

The route egmensjust entered can now benarkedon the'Add link to route'mapdisplay. There isa
problem thatlines drawnwith the correctcolour code will not be visiblevhen superimposed on the map
image so aneutral colourpattern will therefore be usedor all underground lines

Return toaddRoutes.phpand add lines of code near the beginning of tifeeto load the route points from
the database table.
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include('mapFunctions.php");
include (‘Stations.php");
$stationCount=Stations::loadStations();

( include (‘RoutePoint.php"); J

$pointCount=RoutePoint::loadPoints();

include('staffMenu.php’);

Move to thesetup( )function and add lines of program code to convert the set of PHP route point objects
into an equivalent set of JavaScript objects, as shown below.

function setup()

{
createCanvas(1000, 654);
stationObj = <? echo json_encode(Stations::$stationObj); ?>;
stationCount = <? echo json_encode($stationCount); ?>;

pointObj = <? echo json_encode(RoutePoint::$pointObj); ?>;
pointCount=<?  echo json_encode($pointCount); ?>;

selectString= <? echo json_encode($selectString); ?>;
lineChange= <? echo json_encode($lineChange); ?>;

Move now to thedraw( )functionand add a line of code to call a new function which we will dslave the
addRoues.phpfile and copy it to the server.

image(img1, 0, 0);

pop();
displayStations(255,255,255);

C plotLines(); )

if (mouselsPressed==true)

Open themapFunctions.phile. It will be convenient to store the graphics functions in this file so that
they can be accessed by more than one web page. Add the two functions shown below, which use the ID
number of a station to obtain its x,y pixel coordinates on the underground map.

4 function getXfromID(stationWanted) A
{
Xpos = 0;
for (n=1;n<=stationCount jn++)
{

if (stationObj[n].stationID == stationWanted)
Xpos = stationObj[n].xpos;

}
return xpos;
}
function getYfromID(stationWanted)
{
ypos = 0;
for (n=1;n<=stationCount;n++)
if (stationObj[n].stationID == stationWanted)
ypos = stationObj[n].ypos;
}
return ypos;
\ y
</script>
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Also add theplotLines( )function shown below. SaweapFunctions.ph@nd copy it to the server.

4 I
function plotLines()
for (i=1;i<=lineCount;i++)
{
currentLinelD=lineObj[ i].linelD;
for (j=1;j<=pointCount;j++)
if ((pointObij[j].backpointer== - 1)&&(pointObj[j].linelD==currentLinelD))
{
currentPointer=pointObj[j].pointer;
stationIDwanted=pointObij[j].stationID;
finish ed=false;
oldX=getXfromID(stationIDwanted);
oldY=getYfromID(stationIDwanted);
oldX =int(oldX - transH);
oldY =int(oldY  -transV);
count=0;
while(finished==false)
{
for (n=1;n<=pointCount;n++)
{
if (pointObj[n].routePointID==currentPointer)
pos=n;
}
newPointer=pointObj[pos].pointer;
stationIDwanted=pointObj[pos].stationID;
xpos=getXfromID(stationIDwanted);
ypos=getYfromID(station  IDwanted);
Xpos = int(xpos - transH);
ypos = int(ypos - transV);
strokeWeight(4);
stroke(0);
line(oldX,oldY,xpos,ypos);
strokeWeight(2);
stroke(255);
li ne(oldX,oldY,xpos,ypos);
strokeWeight(1);
stroke(255,0,0);
line(ol dX,oldY,xpos,ypos);
oldX=xpos;
oldY=ypos;
if (currentPointer<0)
finished=true;
currentPointer=newPointer;
}
}
}
}
\__} J
</script>

Go to theRoutePoint.phpfile and add thdoadPoints() method shown below
the server.

Save theile and copy it to
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4 N\
public static function loadPoints()
{

include (‘'user.inc');

$conn = new mysgli(localhost, $username, $password, $database);

if (I$conn) {die("Connection failed: ".mysqli_connect_error()); }

$quer y="SELECT * FROM routePoint";

$result=mysqli_query($conn, $query);

$num=mysqli_num_rows($result);

mysqli_close($conn);

$i=1;

while ($i <= $num)

{
$row=mysqli_fetch_assoc($result);
$routePointID =$row[" rout ePointID" ];
$linelD =$row[" linelD" ];
$stationlD =$row[" stationID" ];
$pointer =$row[" pointer" 1;
$backpointer =$row[" backpointer" 1];
$position =$row[" position" ];
$obj = new RoutePoint($routePointID,$linelD,$stationID, :i

$pointer,$hackpointer,$position);
RoutePoint::$pointObj[$i] = $obyj;
$i++;
}
return $num;
\. } J
}

Run the website, logginig as staff. Select the 'Add link to route' option. The sequences tidrsa
entered earlier will be linked by thin red lines. The connections do not exactly follow the curves of
the underground lines on the base map, but will often be sufficiently accurate for our purposes.

Tottenham
Court Road

Lancaster
Isway Gate

St Paul's

Hyde Park Corner_#2<

Piccadilly
Circus

==Cannon Street

t Kensington

In somecases, however, stations cannot lngked satisfactorilyby a direct straight line. An example is the
Waterloo and City linewvhich runsin a curvefrom Waterloo to Bank.
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[sway Gate St Paul's

Leicester Square

==Cannon Street
Monum

Mansion House

= = Blackfriars

Temple y
—
outh Sloane Embankment & % Londo
Isington  Square Bridge
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Fortunately it is quite simple tdo this as can novbe demonstratel:

1 Use the 'Add Underground line' menu ag to set up the name and colour code for ttéaterloo

and Cityline.
1 Go to the 'Add station' option and enter station symbols\éaterloo and Bank
1 Add station points at the two bends in the line, leaving the station name boxes blank and clicking

the 'hide' button.

Leicester Square

Station name

| |
| |

) =Cannon Street,
Charing
Cross

Mansion House

@&
I Ié?]%(égn Bermc:z |_| D
e [(hide | 000

1 Go to the 'Add link to route’ menu option. Click on the sequence of points along the line from
Waterloo to Bank, then enter the data. The curved line connection should appear.

>

Covent Garden

St Paul's

Lelcester Square

ccadilly
Circus

==Cannon Street

Monument

w e

Mansion House

<= 2= Blackfriars

Note: it is important not to add an exti@urve point too close to a station, within a distance of a couple of
station circle symbols, as there is a danger that the curve point may be confused with the station and cause

a program error.

We will now turn our attention to théViewuser mapoption. Asimilar procedurecan be used to display
underground ling, but in this case the linewill be drawnusing ther correct colour cods

Open thestaffDisplayMap.phgfile and addines of code near the beginning to load ttmte point and
line objeds from the database tables.

include (‘Stations.php");
$stationCount=Stations::loadStations();

include('RoutePoint.php");
$pointCount=RoutePoint::loadPoints();
include('Line.php");
$lineCount=Line::loadLines();

$Hscroll=$_REQUEST['Hscroll];

Go to the<scaipt> block and add code to convert the PHP objects to JavaScript objects, as shown below.
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var optionSelected= <? echo json_encode($o ptionSelected); ?>;
stationObj = <? echo json_encode(Stations::$stationObj); ?>;
stationCount = <? echo json_encode($s tationCount); ?>;

pointObj = <? echo json_encode(RoutePoint::$pointObj); ?>;
pointCount = <? echo json_encode($pointCount); ?>;
lineObj = <? echo json_encode(Line::$lineObj); ?>;
lineCount = <? echo json_encode($lineCount); ?>;

Hscroll = <? echo json_ encode($Hscroll); ?>;

Add a line of code to thdraw( ) function as shown below.

pop();
if (optionSelected=="map")

{

( plotLines2(); )

displayNames();
displayStations(225,225,225);

Save thestaffDisplayMap.phgfile and copy ito the server.

Returnto the mapFunctions.phgdile and add theplotLines2( unction shown below andontinuedon the
following page. This is similar to the plotLines( ) function created earlier, but this version accesses the
colour codes for each undemmund line and sets the line display colour accordingly.

Save thanapFunctions.phgdile and copy it to the server.

function plotLines 2() )
{
for (i=1;i<=lineCount;i++)
{

stroke(255);

fill(0);

currentLinelD=lineObj[i].linel D;

colourCode=lineObj[i].colourCode;

solid=lineObj[i].solid;

let ¢ = split(colourCode, ',");

r=int(c[O]); g=int(c[1]); b=int(c[2]);

fill(r,g,b);

stroke(r,g,b);

for (j=1;j<=pointCount;j++)

if ((pointObjl[j]. backpointer== - 1)&&(pointObj[j].linelD==currentLinelD))
{
currentPointer=pointObj[j].pointer;
station IDwanted=pointObj]j].stationID;
finished=false;
oldX=getXfromID(stationIDwanted);
oldY=getYfr omlD(stationIDwanted);
oldX =int(oldX - transH);
oldY =int(oldY  -transV);
finished=false;
count=0;
- J

continued below...
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while(finished==false)
{

for (n=1;n<=pointCount; n++)

if (pointObj[n].routePointID==currentPointer)
pos=n;

}
newPadnter=pointObj[pos].pointer;
stationIDw anted=pointObj[pos].stationID;
xpos=getXfromID(station  IDwanted);
ypos=getYfromlID(station|IDwanted);
Xpos = int(xpos - transH);
ypos = int(ypos  -transV);
strokeWeight(6);
stroke(r,g,b);
line(oldX,oldY,xpos,ypos);
if(solid==false)
{

strokeWeight(4);

stroke(255);

line(oldX,oldY,xpos,ypos);

}

strokeWeight(1);
oldX=xpos;
oldY=ypos;

if (currentPointer<0)

finished=true;

}

currentPointer=newPointer;

\ Y,

</script>

Run the website, logginim as staff. Select the 'View user map' option. The underground line segments
entered earlier should be shown ugji the correct colour code for each line.

7 Street Square =TT
Odordo O O
Circus Moorgate Li
A 7 G s Chancery Lane Sty
Tottenham Holbomn
O Court Road O Bank
D Covent Garden O
Green Park O StPaul's OO
'—) (O  Leicester Square Monument
|/
Piccadilly : Cannon Street
Circus Charing d
Cross .
O Mansion House
Blackfriars
St James’s
Park O Temple @)
Waestminster O Embankment London B
() Bricge
waterdoo O QO ')

There is a slight problemTo avoid confusion, only trectualstations should be marked by circle symbols
on theusermap, and intermediate pointshould notbe marked
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Go tothe mapFunctions.phdile and locate thadisplayStations( Junction. Modify the title lineof the
functionto include an additional parametemidpoints' as shown below This can be set to 'YES' or 'NO',
depending on whether the mid points are to be marked by circle symbottdilank. Add (i K Satio#
name =Qinel Y R Y 2 RM X fadisiiofn.S#ve themapFunctions.phgile and copy it to the server.

C function displayStations(r,g,b,midpoints) )

for (i=1;i<=stationCount ;i++)

{
xCentre=stationObj[i].xpos;
yCentre=stationObj[i].ypos;
show=true;

( stationName=stationObj]i].stationName; )

if ((textWidth(stationName)<8)&&(midpoints=="NQO"))

{

show=false;

if (show==true)

{

fill(r,g,b);

stroke(0);

xpos=int(xCentre) - int(transH);
ypos=int(yCentre) - int(transV);
ellipse(xpos,ypos,14,14);

Return tothe staffDisplayMap.phgfile locate thedraw( ) function. Ald the extra parameteto the
displayStations( ) function call, setting the value to 'NO' as shown below.

if (optionSelected=="map")

plotLines2();
displayNames();

C displayStations(225,225,225,'NO"); )

SavestaffDisplayMap.phpand copy it tahe server. Reun the 'View user map' option. Intermediate
points on the Waterloo and City line should not be marked by circles:

Court Road O Bank
Covent Garden Q
Green Park O St Paul's @]
Leicester Square O Monument
Piccadilly o Cannon Sireet _
Circus Charing T
55
ODro_L Mansion House
Blackfriars
St James's
° % o0 % O o
Westminster Embankment London g
Bridge
Waterloo OOO
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The key showing the colour codes for the different lines nowbe added.Return tostaffDisplayMap.p
and add line®f programnear the beginningf the file to do this

include('Line.php");
$lineCount=Line::loadLines();
$Hscroll=$_REQUEST['Hscroll’];
$Vscroll=$_REQUEST]['Vscroll];

if ($optionSelected=="map")
{

}
>
<htmlI>
<head>

Line::linelist($lineCount);

Save thestaffDisplayMap.fp file and copy it to the server. Run the website, selecting the 'View user map'
option. Check that the list of underground lines dhdir colour codes ishownto the right of the map.

It isimportant that stations are linkdin a correct sequence along each lrefore calculatinghe shortest
route between the starting point and destinatior test proceduravill now be added

Go tothe staffDisplayMap.phpfile and locate thesetup( Yfunction. Add the lines of progranode shown
below.

function setup()

if ((Hscroll>0)[|(Vscroll>0))

{
VscrollPosition=Vscroll;
HscrollPosition=Hscroll;

}
createCanvas(1000, 654);

4 lineWanted='"Bakerloo’; A

if (optionSelected=="map)

{
sel = creat eSelect();
sel.position(1050, 60);
sel.size(250, 30);
for (i=1;i<=lineCount;i++)
{

sel.option(lineObj[i].lineName);

checkbox = createCheckbox('Check linkages', false);

checkbox.position(1080, 100);

_’ J
if ((optionSelected=="station’)||(optionSelected=="editStation"))

The test procedurewill numberthe route points in the order in which they are connected by the linked list,
as in this example for part of the Central Line:

O ) v
Ogoome OBl paican [cente |

e freet

swster 581%”:1 %ﬂfﬁ“ — ( Check linkages

% Voorgate
Marble Arch Dy— O—q B, Chancery Lane

ng Totienham Holborn 4]

hate Court Road '®) Bank
Covent Garden L O
i Lancaster .
Quesnsway  gGale Green Park StPaul's
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Begin by creating drop down list for selecting an underground line, and a tick box to activate the checking
procedure. Move to thedraw( ) functionand add the block of code shown below

if (optionSelected=="map’)
{
plotLines2();
displayNames();
displayStation  s(225,225,225,'NO");

lineWanted = sel.value();
if (checkbox.checked())

{
}

routeTest(lineWanted,lineObj,lineCount);

The program will obtain the name of tlselected underground line from the dragown list box. If the
checkbox isicked, a procedureouteTest( )will display the numbered sequence of points along the route.

Go to the end of thetaffDisplayMap.phgfile and enter the routeTest( Yfunction shownin the two boxes
below. Save the file and copy it to the server.

/ function routeTest(lineWanted,lineObj,lineCount) \
{

var p;

var finished=false;

linelDwanted = O;

for (i=1;i<=lineCount;i++)

if (lineObj[i].lineName == lineWanted)
linelDwanted = lineObj[i].linelD;

}

for(var i=1;i<=pointCou nt;i++)

if ((pointObij[i].backpointer == -1)&& :ﬁ
(pointObij[i].linelD == linelDwanted))
{

count=1,;
current=pointObij[i].stationID;
next=pointObj[i].pointer;
finished=false;
p=i;
while (fin  ished==false)
{
x=getStationX(current);
y=getStationY(current);
Xpos=x- int(transH);
ypos=y - int(transV);
fill(255,0,0);
stroke(0);
ellipse(x pos,ypos,20,20);
fill(255);
stroke(255,0,0);

\ textSize(16); /

428



Chapter 7: London Undergroun

/ 2y G Ay dzSRX

( if (count<10) h

text(count,xpos - 6,ypos+5);
else
text(count,xpos - 9,ypos+5);
count++;
textSize(12);
next=pointObj[p].pointer;
if (next== -1)
finished=true;
else
{
p=getNextArrayPosition(next);
current=pointObj[p].stationID;

}
\ } J
</script>

Open themapFunctions.phdile and addhe three small functionshown below.

function getStationX(IDwanted) R
{
x=0;
for (i=1;i<=stationCount ;i++)
{
if (sta  tionObj[i].stationID==IDwanted)
x=stationObj[i].xpos;
}
return x;
}
function getStationY (IDwanted)
{
y=0;
for (i=1;i<=stationCount ;i++ )
{
if (stationObij[i].stationID==IDwanted)
y=stationODbij[i].ypos;
}
returny;
}
function getNextArrayPosition(next)
{
p=0;
for (i=1;i<=pointCount ;i++)
if (pointObj[i].routePointID==next)
p=i;
}
return p;
}
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ThegetStationX( JandgetStationY( Yunctions take atationlDas the input parameteand return the map
coordinates for the station. ThgetNextArrayPosition( junction takes aoutePointiDas the input
parameter, and finds the location of an object with this value in the array of routePoint objects.

Save thenapFunctions.phgdile andcopy it to the server. Run the websitnd go tothe 'View user map'

option.

Select an underground line from the dralown list for which a sequence of stations has been entered,
then tick the checkbox. The stations should be numbered in the ordehich they were entered.

We will now return to the entry of sections of underground line. Due to the length of @adérground
line, the usemaywish to enterthe route in a series of section#\n overall strategy is summarised in the
flowchart below. We will work through each of the optionstine following sections.

(000

newStart

newFinish

Get linelD for selected underground line

!

Get newStart and newFinish stations
for the new sequence

checkConnections( )

Y

Check if newStart matches the finish station of an

exisiting sequence on the selected underground line

'

Check if newFinish matches the start station of an

exisiting sequence on the selected underground line

newstart

(000 )

newStart  newFinish

newFinish

*—o—0

—o9 (000

newStart  newfFinish

*—oo0

o000

newsStart

430

newFinish

only newStart
links to exisiting
sequence?

only
newFinish links to exisiting
sequence?

newStart and
newFinish both link to exisiting
sequence?

No.

connect to existing sequence

using linkAfter( ) function

connect to existing sequence

using linkBefore( ) function

connect to existing sequences
using linkBetween( ) function

Create new linked list

\ 4

sequence

( Stop )
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It is useful to summarise the procedures which are used to add underground lines to the map.

A new sequence of stations is selected. The first step is then to compare the stéirtighdtations of the
new sequence with the end points of any previously entered sections on the same underground line.

O 000 ©o0o—0—0—0O 0 000O0

start finish

9 If no corresponding end point is found, then the new section is entered as a simple linked list.

1 If a previously entered route seoh matches thestart of the new section, then a single combined
linked list will be created by attaching the new sequence to the end of the existing station group.

9 If a previously entered route section matches firésh of the new section, then a singt®mbined
linked list will be created by attaching the new sequence to the beginning of the existing station
group.

1 If previously entered route sections match both tstart andfinish of the new section, then a
single combined linked list will be created attaching the new sequence to the end of the first
station group and the beginning of the second station group.

For the final sequence to be linked correctly, it is necessary for each group of stations to be linked
sequentially in the same direction alg the underground line. In this example:

GROUP 1 GROUP 2

O 00 0 ©O-0—0—0—0O O -0 0 0O

start finish

the station sequence in group 1 would have to be reversed before the linked lists are joined. The sequence
is group 2 is already running in the correct direction and can be linked directly.

We will first ®nsder the case of a group of statiomdich are to beattachedto the end ofa sequence
which had been entered previously:

o 00 ©-o0—0—0—0

start finish

We will use the example of the Northern Line, as shown below. A sequence of stations from Edgware to
Brent Cross is first entete then a further section of line from Brent Cross to Belsize Park is added:

Edgware

Edgware

Burnt Oak Burnt Oak

Colindale Colindale

stationsto
be added

Hendon Central Hendon Central

Brent Cross

Golders Green mpstead Golders Green Hampstead

Hampstead

s Hill
Willesden Green inch
a e 8:?:-:;::’[ Belsize Park

Hill

/illesden Green

Wilkyeen Belsize Park
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The first group of stations will be stored as a linked list, for example:

v routePointlD | stationlD | pointer | backpointer
23 1 12 2 -1
2 23 3 1
© 3 6 4 2
19 4 13 5 3
5 2 -1 4
2

The additional sequence of stations will be attached by linking the pointer and backpoihtes ¥ar the
routePoint groups There may be other records stored in the table between these hlocks

© routePointID | stationID | pointer | backpointer
23 1 12 2 -1
2 23 3 1
6 3 6 4 2
19 4 19 5 3
5 8 (31) 4 -
O 20 » 31 20 32 (5 ) —
O s 32 5 33 31
33 11 -1 32
On

Open theupdateConnections.phffile and add the block of program code shob&low. This begins by

calling a functiortheckConnections(Which will determine whether the new sequence begins with the
same station as the final station afpreviously enteredequence. If so, a functidimkAfter( ) will add the
new sequence to the end of the exisiting sequence with the poirtemmectedas in theexample above.

echo"<p>StationID links:";
for ($i=0;$i<$linkCount;$i++)
{

}

4 $routePointCount= RoutePoint::loadPoints();

$result = checkConnections($linelD,$linkArra y,$linkCount,$routePointCoun t);

$startRoutePointiD=$result[0];

$finishRoutePointID=$result[1];

if (($startRoutePointID>0)&&($finishRoutePointID==0))
linkAfter($linkCount,$linkArray,$startRoutePointID,$linelD);

echo"<br>".$linkArray[$i];

else
\__if (($startRoutePointID==0)&&($finishRoutePointl D==0)) )

addLinks($linelD,$linkArray);
echo"<form method=post action="addRoutes.php'>";
echo"<p><input type=submit value='continue'>";
echo"</form>";

Go to the end of theipdateConnections.phfile and add thecheckConnections(functionshown below.
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e A
function checkConnections($linelD,$linkArray,$linkCount,$routePointCount)
{

$startlD =$linkArray[0];

$finishID =3$linkArray[$linkCount -2,

$startRoutelD = 0;

$finishRoutelD = 0;

for ($j=1;%j<=$routePointCount;$j++)

if(RoutePoint::$pointObj[$j] - >linelD == $linelD)
if((RoutePoint::$pointObj[$]] ->pointer == - 1)|| :i
(RoutePoint::$pointObj[$j] ->backpointer == - 1))
{
if (RoutePoint::$pointObj[$]] - >stationID == $sta  rtID)
$startRoutelD =RoutePoint::$pointObj[$j] - >routePointID;
if (RoutePoint::$pointObj[$j] - >stationID == $finishID)
$finishRoutelD =RoutePoint::$pointObj[$]] - >routePointID;
}
}
}
return array($startRoutelD,$fin ishRoutelD);
\. ! y,

Continuing to work at the end of thgpdateConnections.phfiile, add thelinkAfter( ) function:

4 )
function linkAfter($linkCount,$linkArray,$startRoutelD,$linelD)
{
echo"<br>Existing segment goes first, then new addition";
$pointe r = RoutePoint::getPointerFromRoutePoint($startRoutelD);
if ($pointer == -1)
echo"<br>current sequence correct";

else
{
echo"<br>current sequence must be reversed";
RoutePoint::reverseSequence($startRoutelD);
}
$linkCount= count($l  inkArray) - 1;

$previous = $startRoutelD;
for ($i=1;$i<$linkCount;$i++)
{
$stationID=$linkArray[$i];
$pointer= - 1;
$backpointer=$previous;
$position=0;
$routePointID = RoutePoint::addRoutePoint($linelD,$stationID, :ﬁ
$pointer,$backpointer,$position);
RoutePoint::updatePointer($previous,$routePointID);
$previous=$routePointID;

}
! J

The function displays comments on screen, to allow us to check that it is operating correctly.
requirement for joining the new sequence of stations to the existing sequence is that both must run in the
same direction along the route.
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Is Hill

Willesden Green Finchley Road
& Frognal_,

D

If the existing station sequence is found to run in the opposite direction, this can easily be rewersed b
swapping thepointer andbackpointervaluesof the linked list For example:

2 routePointlD | stationlD | pointer | backpointer
23 1 12 2 -1
2 23 3 1
6 3 & 4 2
19 4 15 5 3
7 2 5 8 -1 4
becomes:
12
routePointlD | stationlD | pointer | backpointer
23 1 12 -1 2
2 23 1 3
6 3 5] 2 4
19 4 19 3 5
5 8 4 -1
g

Save thaupdateConnections.phgiile and copy it to the server.

Openthe RoutePoint.phpfile andadd thethree methods shown on the next page. Theserg out the
exchange of thg@ointersand backpointesif required. Save the file and copy it to the server.

Run the website. Entestations anda section of underground line, for example: the Northern line stations
from Edgeware to Brent Crqgsumberedl ¢ 5 below. Return to the 'Add link to route' option and select a
further group of stations, beginning at the last point of the previous gBpent Cross. After the new
stations are entered, check that a continuous line appears on the 'View usépagg Select the 'Check
linkages' option, and make sure that all stations are linked in the correct number sequence.

Colindale

Hendon Central

Hampstead

Hill

Villesden Green

lsiz: b
Kilburn Belsize Park
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; )
public static function getPointerFromRoutePoint($routePoint)
{

$pointer=0;

$pointCount = RoutePoint::loadPoints();

f or($i=1;$i<=$pointCount;$i++)

if (RoutePoint::$pointObj[$i] - >routePointID == $routePoint)
{
$pointer = RoutePoint::$pointObj[$i] - >pointer;
}
}
return $pointer;
}
public static function reverseSequence($startRou telD)
{

$pointCount = RoutePoint::loadPoints();
$current = $startRoutelD;
while($current>  -1)

for($i=1;$i<=$pointCount;Ji++)

if (RoutePoint::$pointObj[$i] - >routePointID == $current)

{
$poin ter = RoutePoint::$pointObj[$i] - >pointer;
$bhackpointer = RoutePoint::$pointObj[$i] - >backpointer;

RoutePoint::updatePointer($current,$backpointer);
RoutePoint::updateBackpointer($current,$pointer);
$curren t = $pointer;

break;
}
}
}
}
public static function updateBackpointer($IDwanted,$backpointer)
{

include (‘'user.inc');
$conn = new mysgli(localhost, $username, $password, $database);

if (!$conn) {die("Connection failed: ".mysqli_connect_error()); }
$query="UPDATE routePoint SET backpointer="$backpointer' WHERE :ﬁ
routePointID="$IDwanted";

$result=mysqli_query($conn, $query);
mysqli_close($conn);

}

>

The next situation we must conside is the user adding a new sequence of stagfonsan existing section
of route, for example:

Tottenham Blackhorse
=
[j/ sSiSetveerr; Hale == Road
Manor House ) Walthamstow

%~ Central

7 A
s< [
Hill Walthamstow ‘
- Queen's Road Leyton
ot Qldland Road
Newington Z By
St James Street  Leytor
Rectory High
Road Clantan
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The combined linked list will begin with the new section from Walthamstow to Seven Sisters, where it
connects toan existing station sequence. Pointer and backpointer values will be adjusted to connect the

two groups of route points.

12
AN routePointlD | stationlD | pointer | backpointer
23 1 12 -1 2
2 23 1 3
6 3 5] 2 4
19 4 15 3 5
. E—h 5 g 4 (31 ) —j
O 20 — 31 20 (5) 32 -«
O 5 32 3 31 33
33 11 32 -1
L] O 11

It is essential that the new and existing linked list sequences run in the same direction along the
underground line. In thisxample, the existing route poinfsom Highburyto Seven Sistersould need to

be reversed before the new linked sectisom Walthmstowis added.

Tottenham
Hale

Seven
Sisters

Blackhorse

Road
Manor House O .

Highbury and
Islington

Hackmey
© Cenfral
Canonbury

O

Dalsion Junciion Homarnon

O Walihamstow

< O Central
|

O

Stratford
International

Go toupdateConnections.phand add anotheelse...condition as shown. Save the file.

$star tRoutePointID=$result[0];

$finishRoutePointID=$result[1];

if (($startRoutePointID>0)&&($finishRoutePointID==0))
linkAfter($linkCount,$linkArray,$startRoutePointID,$linelD);

else
if (($startRoutePointID==0)&&($finishRoutePointID>0))
linkBefore($linkCount,$linkArray, $finishRoutePointID,$linelD);

else

if (($startRoutePointlD==0)&&($finishRoutePointID==0))
addLinks($linelD,$linkArray);

echo"<form method=post action="addRoutes.php'>";

Go now to theRoutePoint.phpclasdfile and add aeverseBacksequenceethod. This method can work

backwards from the end of an existing linked list by following backpointers. The pointer and backpointer

values are swapped as it moves along the list, so that the final sequence isegkver
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~

public static function reverseBacksequence($finishRoutelD)
{
$pointCount = RoutePoint::loadPoints();
$current = $finishRoutelD;
while($current> - 1)
{
for($i=1;$i<=$pointCount;$i++)
{
if (RoutePoint::$pointObj[$i] - >rou tePointID == $current)
{
$pointer = RoutePoint::$pointObj[$i] - >pointer;
$backpointer = RoutePoi  nt::$pointObj[$i] - >backpointer;
RoutePoint::updatePointer($current,$backpointer);
RoutePoint::update  Backpointer($current,$pointer);
$current = $backpointer;
break;

SaveRoutePoint.phpand copy it to the server.

Return to theupdateConnections.phffile and add thelinkBefore( )method shown below.

function linkBefore($linkCount,$linkArray,$finishRoutelD,$linelD)
{
echo"<br>New addition goes first, then existing segment";
$pointer = RoutePoint::getPointerFromRoutePoint($finishRoutelD);
if ($pointer ==" -1)
{
echo"<br>current seq  uence must be reversed";
RoutePoint::reverseBacksequence($finishRoutelD);
}
else
echo"<br>current sequence correct";
$linkCount= count($linkArray) -1
for ($i=0;$i<$linkCount - 1;$i++)
{
$stationID=$linkArray[$i] :
$pointer= - 1;
$backpointer= - 1;
if ($i>0)
$backpointer=$previous;
$position=0;
$routePointID = RoutePoint::addRoutePoint($linelD,$stationID, :i
$pointer,$backpointer,$ position);
RoutePoint::updatePointer($previous,$routePointID);
$previous=$routePointID;
}
RoutePoint::updatePointer($previous,$finishRoutelD);
RoutePoint::updateBackpointer($finishRoutelD,$previous);
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SaveupdateConnedbns.phpand copy it to the server. Run the website and enter a section of the Victoria

line, starting atHighbury& Islington,and ending at Seven SisteiBlease note when entering station names
GKFG GKS WsQ aevyoz2t Aa aprodény ThdBtdtionQdiie shbuld bbeSeNterédyaR O |
Wl AGKOdzZNE | Y&NEBE R A @GR y& WA (K

Return to the 'Add link to route' page and insert a station sequence from Walthamstow to Seven Sisters.

Go to the 'View user map' page and use the 'CHietlages' option to check that the stations along the

Victoria line are correctly connected as a single linked list.

Seven Toltenham Elackhorse
Sicters Hale Road
Manor House O i) VValthamstow
Central

Finsbury
Park

Highbury and

Islington O

Stratfeed

One further possibility when entering a route is that two existing station sequences need to be connected,
as in this exampléor the Bakerloo line:

N J
Queen’s Park O St Johr's Waod
Kilbumn Park Faddington Edgwars Road - Marylebone Baker  Great Poriland
\iaida Val {5y &) Streat Sireet
alua Ve wanwick O O O @]
Avenue o '
Edgurare Warren 3
Royal Oak Road Regani's Park
Westhourne Park
) Ladbroke Grove O Bayswater Eond Crxetord
—~ o Street Circus

The combined linked list will be created by adding route points for the new intermediate st&idgveare
RoadandMaryleboneg then adjusting the pointers and backpointers to connect with the two existing route

sections.

AN 12
routeFointlD | stationlD | pointer | backpointer
23 1 12 -1 2 FINISH
c 2 23 1 3
3 6 2 4
19 4 15 3 5
& L » 5 2 4 (43 )
20
O 31 14 (44 ) 32 -
O 7 32 15 31 33
14 33 3 32 -1 START
15 43 20 (5) 44 -
| . 44 7 43 @

Begin by going to thapdateConnections.ph@nd add anotheelse...conditionas shown below
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if (($startRoutePointID>0)&&($finishRoutePointiD==0))
linkAfter($linkCount,$linkArray,$startRoutePointID,$linelD);

else

if (($startRoutePointID==0)& &($finishRoutePointID>0))
linkBefore($linkCount,$linkArray,$finishRoutePointID,$linelD);

else
if (($startRoutePointID>0)&&($finishRoutePointID>0))
linkBetween($linkCount,$linkArray,$startRoutePointID,$finishRoutePointID,$linelD);

else
if (($startRout ePointID==0)&&($finishRoutePointID==0))

Move to the end of theipdateConnections.phfile and addthe linkBetween( )function. This will add any
new intermediate route points and adjust the pointer and backpointer values to connect with the gxistin
route sections.

N
function linkBetween($linkCount,$linkArray,$startRouteID,$finishRoutelD,$linelD)

{
echo"<br>New addition goes between two existing segments”;
$pointer = RoutePoint::getPointerFromRoutePoint($startRoutelD);
if ($pointer ==" -1)
echo"<br>current sequence before correct";
else
{
echo"<br>current sequence before must be reversed";
RoutePoint::reverseSequence($startRoutelD);
}
$pointer = RoutePoint::getPointer FromRoutePoint($finishRoutelD);
if ( $pointer==" -1
{
echo"<br>current sequence after must be reversed";
RoutePoint::reverseBacksequence($finishRoutelD);
}
else
echo"<br>c urrent sequence after correct”;
$linkCount= count($linkArray) -1
$previous = $startR ~ outelD;
if ($linkCount>2)

for ($i=1;$i<($linkCount - 1);9i++)

{
$station|D=$linkArray[$i];
$pointer= - 1;
$backpointer=$previous;
$position=0;
$routePointlD = RoutePoint::addRoutePoint($l inelD,$stationID, :i

$pointer,$backpointer,$position);

RoutePoint::updatePointer($previous,$routePointID);
$previous=$routePointlID;

}

}

RoutePoint::updatePointer($previous,$finishRoutelD )
RoutePoint::updateBackpointer($finishRoutelD,$previous);

SaveupdateConnections.ph@and copy it to the server.
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Run the website and check that two sections of a route can be entered separately and then liidesthe
test function to checlthat the sequence of statioris shown correctly Numbering of route points should
run continuously through the connecting section.

Before leaving the 'Add link to route' page, it would be useful to add an optideltte links from the
map. This may beecessary if an error is made during data entry.

Open theaddRoutes.phdile. Add lines of code to theetup( )function to produce a ‘remove link' button.

button = createButton('clear’);
button.position(1200, 200);
button.mou sePressed(clearLinks);

button = createButton(‘'remove link’);
button.position(1100, 240);
button.mousePressed(removeLink);

}

function draw()

Add a functiorremoveLink( Jat the end of the<script>block. This function will be activated whre
button is clicked, and will load thgpdateConnections.phfile. The station IDs indicating the link to be
deleted will be transferred as the variabiekString Save theddRoutes.phdile and copy it to the server.

4 function removeLink() A
{
re sult = confirm('Remove this link for the '+lineWanted+' line");
if (result==true)
{
window.location = "updateConnections.php?remove=YES&IlineName=" :i
+sel.value()+"&linkString="+linkString;
}
}
- J
</ script>
</body>
</html>

Save theaddRoutes.phdile and copy it to the server. Run the 'Add link to route' page and check that the
‘remove link' button appears to the right of the map.

/ lBakerIoo v
— Bakerloo
[addlinks | [ clear |
remove link

Go now to theupdateConnections.phffile and add lines of program the PHP section near the start of

the file as shown. A bracket pair for thkse...condition must be created around a block of program code
as shown below
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for ($i=0;%i<$linkCount;$i++)
{

}

$routePointCount=RoutePo int::loadPoints();
$remove=$_REQUEST[remove'];

if (fremove=="YES')

{

}

else

{

echo"<br>".$linkArray[$i];

removelLink($linkArray,$linelD,$linkCount,$routePointCount);

$result = checkConnections($linelD,$linkArray,$linkCount,$routePointCount);

else
if (($startRoutePointlD==0)&&($finishRoutePointID==0))
addLinks($linelD,$linkArray);

@ )

echo"<form method=post action="addRoutes.php'>";
echo"<p><input type=submit value='continue'>";

A functionremoveLink( will remove theconnection between two stations, splitting a single linked list into
two separate lists. This is done by resetting pointer and backpointer valugs for example:

12 routePointlD | stationlD | pointer | backpointer
23 1 12 2 -1
2 23 3 1
6 3 5] 4 2
19 4 15 5 3
5 3 -1 4
]
12
routePointlD | stationlD | pointer | backpointer
23 1 12 2 -1
2 23 3 1
° 3 6 =D 2
8 19 4 19 5 (1)
5 3 -1 4
]

Open theRoutePoint.phpclass file and add two small methods which will be regeduring the deletion of
a link as shown in the boxes below

4 public static function getBackpointerFromRoutePoint($routePoint) )
{
$pointer=0;
$pointCount = RoutePoint::loadPoints();
for($i=1;$i<=$pointCount;$i++)
{
if (RoutePoint::$pointObj[$i] - >routePointID == $routePoint)
$pointer = RoutePoint::$pointObj[$i] - >backpointer;
}
return $pointer;
\ J
}
?>
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/

public static function deleteRoutePoint($routePointID)
{

include(‘user.inc');
$conn = new mysgli(localhost, $username, $password, $database);
if (I$conn) {die("Connection failed: ".mysqli_connect_error()); }
$query = "DELETE FROM routePoint WHERE routePointID = '$routePointID™;
$result=mysqli_query($conn, $query);
mysqli_close($conn);

}

>

Save theRoutePoint.phpfile and copy it to the server.
Returnto updateConnections.phmndadd a functiorcheckConnectiong?) at the end of the file.

(" function checkConnections2($linelD,$linkArray,$linkCoun
{

$startlD =$linkArray[0];

$finishID =$linkArray[1];

$startRoutelD = 0;

$finishRoutelD = 0;

for ($j=1;$j<=$routePointCount;$j++)

{

t,$routePointCount)

if(RoutePoint::$pointObj[$j]
{

- >linelD == $linelD)

if(RoutePoint::$pointO bj[$j] - >stationID == $startID)
$startRoutelD=RoutePoint::$pointObj[$]] - >routePointID;
if(RoutePoint::$pointObj[$]] - >stationID == $finishID)
$finishRoutelD=RoutePoint::$pointObj[$]] - >routePointID;
}
}

return array($star tRoutelD,$finishRoutelD);

\_ )

J

>

Finally, add theemoveLink( ¥unction at the end of theipdateConnections.phiile as shown on

the next

page The function handles the additional possibility of a link being removed from the beginning or end of
a stationsequence. In this case, the linked list is simply shortened by removing the end record, rather than

splitting the list into two.

Save thaipdateConnections.phile and copy it to the serveRun the website and go to the 'Add link to

route' page. Linkare removed one at a time. Select two adjacent stations on a route section

as in the

example below. Select the corresponding underground line from the-dowyn list, then click the ‘'remove

link' button. Check that the selected link has now been remofrech the route.

oreen
Lanes

1e0

South Tottenham

I Victoria
Blackhorse
Road

Tottenham
Hale==

2=Seven
Sisters

se

w E— i
Central Victoria

|, Stamford
Hill

191,228,
Walthamstow

Tottenham
Hale

Blackhorse
Road

Seven
Sisters

Queen's Road Leyton

nor House (7)

Finsbury
Park

HH) Walthamstow
Central
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4 N

function removeLink($linkArray,$linelD,$linkCount,$routePointCount)

{
$startStationID=$linkArray[0];
$finishStationID=$linkArray[1];
$result = checkConnections2($linelD,$linkArray, $linkCount,$route PointCount);
$startRoutelD=$result[0];
$finishRoutelD=$result[1];
$pointerS = RoutePoint::getPointerFromRoutePoint($startRoutelD);
$backpointerS = RoutePoint::getBackpointerFromRoutePoint($startRoutelD);
$pointerF = RoutePoint::getPointerFromRoutePoint($ finishRoutelD);
$backpointerF = RoutePoint::getBackpointerFromRoutePoint($finishRoutelD);
if($backpointerS==$finishRoutelD)

if ($pointerS== -1)
RoutePoint::deleteRoutePoint($startRoutelD);
else
RoutePoint::updateBackpointer ($startRoutelD,' -1%;
if ($backpointerF== -1)
RoutePoint::deleteRoutePoint($finishRoutelD);
else
RoutePoint::updatePointer($finishRoutelD,’ -1;
}
else
if($pointerS==$finishRoutelD)

if ($backpointerS== -1)
RoutePoint ::deleteRoutePoint($startRoutelD);
else
RoutePoint::updatePointer($startRoutelD,’ -1Y;
if ($pointerF== -1)
RoutePoint::deleteRoutePoint($finishRoutelD);
else
RoutePoint::updateBackpointer($finishRoutelD,’' -17;

>

This completes the entry procedure for simple underground lines which run along an unshared route. We
must, however, allow for the entry of parallel underground lines running between pairs of stations. For
example, theBakerloq Circleand Hammersmith anl Citylines share the route between Baker Street and
Moorgate:

arylebone ==

-,

Baker GreatPortland Euston (@ =)
Street Street *

Euston
Square

Farringdon
=

Russell

Square Barbican

== Moorgate

A strategy is to create a table of all existing links between route points along with the linelD of the
underground line forming the link, as in the example below. When a new routeesggsito be added,
the number of underground lines already passing between pairs of stations can be counted.
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route point ID 27 28 33 34
e e e Y Y Central line
route link from to linelD
1 27 28 2
2 28 33 2
3 33 34 2

linelD 2

Go to the end of thaeipdateConnections.phflile and add a function to create the table as a two

dimensional array with the nantgroutelink.

function makeLinkArray($lineCount,$routePointCount)
{
$oldStationID=0;
$linkCount=0;
$routeLink = array();
$routeLink[] = array();
for ($i=1;$i<=$lineCount;$i++)
{
$currentLinelD=Line::$lineObj[$i] - >linelD;
for ($j=1;$j<=%route PointCount;$j++)

if ((RoutePoint::$pointObj[$j] - >backpointer== - 1)&&
(RoutePoint::$pointObj[$j] - >linelD==%$currentLinelD))
{

$currentPointer=RoutePoint::$pointObj[$j] - >pointer;
$stationlDwanted=Rou tePoi nt::$pointObj[$j] - >stationID;
$oldStationID=$station|Dwanted,;

$oldRoutePoint=$j;

$finished=false;

while($finished==false)

for ($n=1;$n<=$routePointCount;$n++)
{
if (RoutePoint::$pointObj[$n] - >routePointID==%currentPointer)
$pos=9%n;
}
$newPointer=RoutePoin t::$pointObj[$pos] - >pointer;
$stationIDwanted=RoutePoint::$pointObj[$pos] - >stationID;
$newRoutePoint=$pos;
if ($currentPointer<0)
$finished=true;
else

$linkCount++;

$routeLink[$linkCount][0]= $oldStationID;

$routeLink[$linkCount][1]= $stationIDwanted;

$routeLink][  $linkCount][2]= $currentLinelD;
$currentPointer=$newPointer;

$oldStationID=$stationIDwanted,

$oldRoutePoint=$newRoutePoint;

}
}
}
}

return $routeLink;

~
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The function checks the linked lists for each of the existing route sequences, andaatidsaé of route
points as a new row in the array, along with the ID value for the underground line connecting them.

Continuing to work in thepdateConnections.phile, add the functiorcheckMultiple( )as shown.

4 )
function checkMultiple($previousSta tionID, $stationID, :@
$nextStationID,$routeLink,$linelD)
{
$position = 0;
$arrayCount=0;
$lineArray = array();
$a = $stationID;
for ($h=1;$h<count($routeLink);$h++)
$b = $nextStationID;
if ($b<1)
$b = $previousStationID;
if ((($routeLink[$h][0]==%a)&&($routeLink[$h][1]==$b))|| :@
(($routeLink[$h][0]==$b)&&($routeLink[$h][1]==%a)))
{
$currentLine=$routeLink[$h][2];
$found=false;
for ($p=0;$p<S$arrayCount;$p++)
{
if ($lineArray[$p]==$currentLine)
$found=true;
}
if ($found==false)
$lineArray[$arrayCount]=$currentLine;
$arrayCount++;
}
}
$positio n=count($lineArray);
}
return $position;
}
g J

The function will be called before each new underground line link between pairs of stations is added to the
map. The function accesses thmuteLinkarray and returns a variabfposition, which is thenumber of
existing links between the pair of station points. For example:

Sposition = 0 1 2 2 2 1

O O o0 0 O

The$positionvalue will then be stored in the routePoint record, along with the linelD for the underground
line to be added. This value can then be used to offset the manolh the map if necessary, so that any
existing lines are not obscurred.

Add lines of program code near the startugfdateConnections.phpo create the$routeLinkarray, extend
the array to two dimensions, then call tineakeLinkArray( Junction.
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fo r ($i=0;%i<$linkCount;$i++)
{

}

$routePoint Count=RoutePoint::loadPoints();

echo"<br>".$linkArray[$i];

$lineCount=Line::loadLines();

$routeLink = array();

$routeLink[] = array();

$routeLink = makeLinkArra  y($lineCount,$routePointCount);

$remove=$_REQUEST[remove;
if (fremove=="YES')

Let us consider the case of entering a new line segment which is not connected to any existing section of
the same underground line. Locate theédLinks( function in theupdateConnections.phfiile. Replae
this witha new version of the function as shown below:

function addLinks($linelD,$linkArray,$routeLink) A

$linkCount= count($linkArray);
for ($i=0;$i<($linkCount - 1);$i++)
{
$previousStationID=0;
if ($i>0)
$previousStationl  D=$linkArray[$i - 1];
$stationID=$linkArray[$i];
$nextStationID=$linkArray[$i+1];
$position = checkMultiple($previousStationID,$stationID, :ﬁ
$nextStationID,$routeLink,$linelD);

$pointer= -1,
$hackpointer= - 1;
if ($i>0)
$backpointer=$previous;
$routePointID = RoutePoint::addRoutePoint($linelD,$stationID, :ﬁ
$pointer,$backpointer,$position);
if ($i>0)

RoutePoint::updat  ePointer($previous,$routePointID);
$previous=$routePointID;

}
- J

Go to thesection near the start of thapdateConnections.phfile and nake a change to théne where
the addLinks( function is called. Add throuteLinkarray as aather input parameter.

else
if (($startRoutePointID> 0)&&($finishRoutePointID>0))

linkBetween($linkCount,$linkArray,$startRoutePointID,$finishRoutePointID,$linelD);
else

if ($startRoutePointID==0)&&($finishRoutePointID==0))
¢ addLinks( $linelD,$li  nkArray,$routeLink); )
}

echo"<form method=post action="addRoutes.php'>";
echo"<p><input type=submit value="continue'>";
echo"</form>";
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SaveupdateConnections.ph@and copy it to the server. Run the website and go to the 'Add link to route’
page. Select agint on the map where two different underground lines run alonside each other, such as
the Piccadilly and Metropolitan lines between Uxbridge and Rayners Lane:

== West Ruislip () Nerthwood

MNerthweod H
Hillingdon Rusislip

2
Uxbridge lekenham

Pinner

Ruislip Manor

Eastcote

Rayners Lane

West

Ruislip Gardens =
uislip Garden Harrow

Enter one of the lines, followed by the other. Go to the PHP MyAdmin web page andexhmi
routePoint table. Points along the first line entered should have a position value of 0, while the points
along the secnd line should have a position value of 1.

routePointlD  linelD  stationlD pointer backpointer position
399 15 408 400 398 0
400 15 404 401 399 0
401 15 405 402 400 0
402 15 382 -1 401 0
403 10 133 404 -1 1
404 10 404 405 403 1
405 10 405 406 404 1
406 10 382 407 405 1

When the second underground line is added to the map display, it shouldd®t tf avoid being drawn on
top of the first line. The necessary offset can be calculated using trigonometry. Suppose that a line
connecting two stations is to be drawn from the point (x1,y1) to the point (x2]y®).anglé which this
line makes withthe horizontal can be found using anc tangentfunction, asin the diagram below

(x1,y1)

w o/
6_ dv = w sin(©)

tos{e)

dx = -w 9 = atn (y/x)

y=y2-yl

(x2,y2)

Xx=x2—x1

For the new underground line to be shown running alongside an existing line, a small off6étcathe
route should be applied. The offset will be at the saamgle , but this time in relation to the vertical. For
an offset distance ofv, the horizontalkdx and verticady components can be found usiogsineandsine
functions

Open themapFunctions.phdile and add two small functions talculate the x and y offs®aluesas
shown below.
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4 function xOffset(x1,y1,x2,y2)
{
x=int(x2 - x1);
y=int(y2 -yl);
a = Math.atan(y/x);
dx= 6 * Math.cos(HALF_PI+a);
return dx;

}

function yOffset(x1,y1,x2,y2)
{
X=x2-x1;
y=y2-yl,
a = Math.atan(y/x);
dy= 6 * Math.sin( HALF_PI+a);
return dy;

}
- J

Update theplotLines2( ¥unction by adding or replacing the lines of program code indicasdw and on
the following page.

function plotLines2()

{

var x1=0;
var y1=0;
var x2=0;
var y2=0;

for (i=1;i<=lineCount; i++)

{
stroke(255);
fill(0);
currentLinelD=lineObij[i].linelD;
colourCode=lineObj[i].colourCode;
solid=lineObj[i].solid;
let ¢ = split(colourCode, ',");
r=int(c[0]); g=int(c[1]); b=int(c[2]);
fill(r,g,b);
st roke(r,g,b);
for (j=1;j<=pointCount;j++)

if ((pointObij[j].backpointer== - 1)&&(pointObj[j].linelD==currentLinelD))

currentPointer=pointObij[j].pointer;
stationIDwanted=pointObj[j].stationID;

( positi  onWanted=pointObj[j].position; )

finished=false;
oldX=getXfromlID(stationIDwanted);
oldY=getYfromID(stationIDwanted);
oldX =int(oldX - transH);

oldY =int(oldY  -transV);
finished=false;

count=0;

while(finished==false)

for (n=1;n<=pointCount;n++)

if (pointObj[n].routePointID==currentPointer)
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pos=n;

}

newPointer=pointOb j[pos].pointer;
stationIDwanted=pointObj[pos].stationID;

newPositionWanted=pointObj[pos].position; )

xpos=getXfromlD(station|IDwanted);
ypos=getYfromID(stationIDwanted);
Xpos = int(xpos  -tran sH);

ypos = int(ypos  -transV);

x1=xpos; )

yl=ypos;

x2=oldX;

y2=oldY;

if (positionWanted>=1)

{
dx=xOffset(x1,y1,x2,y2);
dy=yOffset(x1,y1,x2,y2);
if (dy<4)
{

if (dx> - 8)&&(dx<0))
dx = -dx;

}
if(positionWanted==2)
{

dx= -dx;

dy= -dy;
}
x1=int(xpos+dx);
yl=int(ypos+dy);
x2=int(oldX+dx);
y2=int(oldY+dy);

} J

strokeWeight(6);
stroke(r,g,b);

line( x1,y1,x2,y2); REPLACE)

if(solid==false)

{
strokeWeight(4);
stroke(255);

line(x1,y1,x2,y2); REPLACE)

strokeWeight(1);
oldX=xpos;

oldY=ypos;

if (current Pointer<0)

finished=true;

}

currentPointer=newPointer;

positionWanted=newPositionWanted; )
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Savethe mapFunctions.phdile and copy it to the server. Run the web page, cthg the 'View user map'
option. The two underground lines should be shown running alongside one another without overlapping.

Northwood

West Ruislip
Nortimwood Hills

Hillingdon Ruislip

Pinner
Morth Harrow

Ruislip Manor

Uxbridge lckenham

Eastcote

Rayners Lane

Ruislip Gardens West

Harrow

We can now update the functions which allow sections of line to be ibpfdre, after or betweerexisiting
sections othe same underground line. This will allow the user more flexibility when entering long sections
of track which run alongside other lines for parts of their route.

Return to theupdateConnectionghp file and changeother function calls to includthe $routeLinkarray
as shown:

$startRoutePointID=$result[0];
$finishRoutePointID=$result[1];
if (($startRoutePointID>0)&&($finishRoutePointiID==0))

( linkAfter($linkCount,$linkArray,$startRoutePointID,$linelD,$routeLink); )
else
if (($startRoutePointID==0 )&&($finishRoutePointID>0))
( linkBefore($linkCount,$linkArray,$finishRoutePointID,$linelD,$routeLink); )
else
if (($startRoutePoint ID>0)&&($finishRoutePointID>0))

linkBetween($linkCount,$linkArray, $startRoutePointID, :ﬁ

$finishRoutePointID,$linelD,$routeLink);

else
if (($startRoutePointID==0)&&($finishRoutePointID==0))
addLinks($linelD,$linkArray,$routeLink);

}
echo"<form method=post action="addRoutes.php'>";
echo"<p><input type=submit value="contin ue>";

echo"</form>";

Locate thdinkAfter( ) function. Alter the headingline.

( function linkAfter($linkCount $linkArray, $startRoutelD, $linelD SrouteLink) )
{

echo"<br>Existing segment goes first, then new addition”;
$pointer = RoutePoint::getPo interFromRoutePoint($startRoutelD);
if ($pointer ==" -1

echo"<br>current sequence correct";

Add or alter the lines of thinkAfter( ) function indicated below.
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$linkCount= count($linkArray) - 1
$previous = $startRoutelD;
for ($i=1;$i< $linkCount;$i++)
{

$previousStationID=0;

if ($i>1)
$previousStationID=$linkArray[$i -1
$stationID=$linkArray[$i];
( $nextStation|D=$linkArray[$i+1]; )

$pointer= - 1;

$backpointer=$previous;
$position = checkMultiple($previousStationID,$stationID,
$nextStationID,$routeLink,$linelD);

$routePointID = RoutePoint::addRoutePoint($linelD,$stationID,

$pointer,$backpointer,$
RoutePoint::updatePointer($previous,$routePointID);
$previous=$routePointID;

)

position);

Savethe updateConnectiongphp file and copy it to the server. Run the web page, selecting the 'Add link to
route’ option. Choose a section ofgimap where two or three underground lines are shown running
alongside one another. Enter one line, followed by the first section of a secon@liaek that the

remaining section of line can then be entered and displayed correablyexample:

South
Kensington

Sloane
Square

Westminster

South
Kensington

pucester ucesiar
Road St James's Road St James's
Victoria () Park: Victoria {1y  Park

Sloane
Square

Return toupdateConnectiongphp and update thdinkBefore( )function in a similar way by adding or
altering the lines indicateih the two boxeselow:

( function linkBefore($linkCount,$linkArray,$finishRoutelD,$linelD,$routeLink) )
{

echo"<br>New addit ion goes first, then existing segment"”;
$pointer = RoutePoint::getPointerFromRoutePoint($finishRoutelD);

$linkCount= count($linkArray) - 1
for ($i=0;$i<$linkCount - 1;$i++)
{

$previousStationID=  0;
if ($i>0)
$previousStationID=$linkArray[$i

$stationID=$linkArray[$i];
$nextStation|D=$linkArray[$i+1];

-1J;

$pointer= - 1;
$backpointer= -1,
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if ($i>0)
$backpointer=$previous;
$position = che  ckMultiple($previousStationID,$stationID, :ﬁ
$nextStationID,$routeLink,$linelD);

$routePointlD = RoutePoint::addRoutePoint($linelD,$stationID,
$pointer,$backpointer,$p osition);
RoutePoint::updatePointer($previous,$routePointID);
$previous=$routePointID;
}
RoutePoint::updatePointer($previous,$finishRoutelD);
RoutePoint::updateBackpointer($finishRoutelD,$previous);

}

Save thaipdateConnectiongphp file andcopy it to the server. Run the web page, selecting the 'Add link to
route' option. Select a point where multiple lines run in parallel. Enter one line, followed by a section of a
second line. Check that anothgiroup of stationsan be added &fore this, for example:

Marylebone Baker GreatPortland Euston arylebone Baker Great Portland Euston
_O“ Street Street o O {H Street Street O O
O O O - O @T NN e’
Euston <

\ Warren Street

Finally, update théinkBetween( )functionby adding or altering program lines as indicated below:

Euston

Square 7= Square

function linkBetween($linkCount,$linkArray,$startRoutelD, :i
$finishRoutelD,$linelD,$rou teLink)

{
echo"<br>New addition goes between two existing segments";
$pointer = RoutePoint::getPointerFromRoutePoint($startRoutelD);

$linkCount= count($linkArray) - 1
$previous = $startRoutelD;
if ($linkCount>2)

for ($i=1;$i<($linkCount - 1);$i++)
{

$previousStationID=0;
if ($i>1)
$previousStationID=$linkArray[$i -1;

$stationID=$linkArray[$i];
( $nextStation|D=$linkArray[$i+1]; )

$pointer= - 1;
$backpointer=$previ  ous;

[ $position = checkMultiple($previousStationID,$stationID, :ﬁ J

$nextStationID,$routeLink,$linelD);

$routePointID = RoutePoint::addRoutePoint($linelD,$stationID,

$pointer ,$backpointer,$position);
RoutePoint::updatePointer($previous,$routePointID);
$previous=$routePointID;

}
}

RoutePoint::updatePointer($previous,$finishRoutelD);
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Save thaipdateConnectiongphp file andcopy it to the server. Run the web pagelesting the 'Add link to
route’ option. Multiple lines can now be entered, with sections added and joined to form complete
underground routes.You may wish to make bagksiof theroutePointtable at intervalsusing theexport
optionin the databaseThis will allow the data to be reésred if a problem occuras you build up the map.

Edgware Road Marylebone \Baker
—-CP—:“ Street

Edgwara
Road

Euston () Old Street
Square

Farmingdon

Russell

Goodge
@ y Square

Shreef Barbican

Bayswater Bond
Street

Orford
Circus

Moorgate
Chancery Lane

Marble Arch

Tottenham
Court Road

Helbom

Motting

Hil Gate Bankg

This completes the data entry for the London Underground route planning application. We can now move
on to create the public web pages. Open a blank fileadtithe program code shown below. Save the file

asindex.phpand copy it to the server.

<html>
<head>
<title>London Underground route planning</title>
<link rel="Stylesheet" type="text/css" href="styleSheet.css" />

<script src="p5.js"></s cript>
<script src="p5.dom.js"></script>
</head>
<body>
<br>

<script type="text/javascript">
function setup()

createCanvas(1000, 654);
}

function draw()

background(255);
}
</script>
</body>
</html>

Run the website. Thendex.phppage will be loaded by default if no other file name is specified. A white
rectangular window should appear on the page, ready for the addition of the underground map.

Open thestyleSheet.cséile and add formatting commais for alineTable2division. Save the file and copy
it to the server.

~

4 div.lineTable2 {

position: absolute;

top: 700px;

left: 100px;

width: 800px;
background - color: white;
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It will be convenient to display a key beneath thep listing the lines and showing their colour codes.
Open thelLine.phpclass file and add thiinelist2( )method shown below. Save the file and copy it to the
server.

\

public static function linelist2($lineCount)
{

echo"<div class='lineTable2' >"

echo"<table border=0>";

for ($i=1;%i<=$lineCount; $i++)

{
$lineName=Line::$lineObj[$i] - >lineName;
$colourCode=Line::$lineObj[$i] - >colourCode;
$solid=Line::$lineObj[$i] - >solid;
if ($i%2==1)

echo" <tr  height=5px >";
echo" <td width=160px>";
if ($solid==true)
{
echo"<hr size="8' style="background - color:rgh(".$colourCode.");'></td>";
}
else
{
echo'<hr style="height: 4px; border: 1px :@
solid rgb(".$colourCode.");"></td>";

}
echo" <td width=60></td>";
echo" <td width=260 style="font - size: 14px;'>".$lineName."</td>";
echo" <td width=120></td>";

echo"</table>";
echo"</div>";

\} Y,

Return toindex.php. Add lines of PHP code at the start of the file to load and display the list of
underground lines.

<?
include('Line.php");
$lineCount=Line::loadLines();

Line::linelist2($lineCount);
7>

<html>
<head>
<title>London Underground route planning</title>

Saveindex.phpand copy it to the server. Run the web site and check that the key is displayed at the
bottom of the page as shown in the example below may be necessary to hold down the CTRL key twhils
reloading the page, so that the style sheet is updated.
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| Bakerloo E— Central
e Circle —— District
— DLR e Hammersmith and City
e Jubilee —————— London Overground
———— London Trams Matropolitan
— Northern E—— Piccadilly
S Victoria |[— Waterloo and City

The next step is to display the route map in a scrolling window. Retuntéx.phpand add lines of code
to the PHP section at the start of the file.

<?
include('Line.php’);
$lin eCount=Line::loadLines();
Line::linelist2($lineCount);

$Hscroll=$_REQUEST['Hscroll7;
$Vscroll=$_REQUEST['Vscroll;
include('mapFunctions.php");

?>
<html|>
<head>
<title>London Underground route planning</title>

Move down to the<script>block and add lines of code as shown below. The program makes use of
functions which we wrote earlier to display the underground lines and station symbols, and to add
horizontal and vertical scroll bars to the map window.

<script type="text/javascript">

var VscrollPosition=300;

var HscrollPosition=400;

Hscroll = <? echo json_encode($Hscroll); ?>;
Vscroll = <? echo json_encode($Vscroll); ?>;
var Hscroll=false;

var Vscroll=false;

function setup()

if ((Hscroll>0)||(Vscroll>0))
{

Vscr ollPosition=Vscroll;
HscrollPosition=Hscroll;

}

createCanvas(1000, 654);
}

Add lines of program code to thdraw( ) method as shown below.
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function draw()

{

transV = map(VscrollPosition, 0, (height -14), 0, 1890 - height);
transH = map(HscrollPosition, 0, (width -14), 0, 2560 - width);

push();
translate(  -transH, -transV);

background(255);

" pop(; )
plotLines2();
displayNames();
displayStations(225,225,225,"NO");
Hscrollbar(HscrollPosition) ;
Vscrollbar(VscrollPosition);
X=mouseX;
y=mouseY,

\ scrollIMove(); /
}

</script>

It will be necessary to load the PHP objects representing underground lines, stations and route points, and
convert these to equivalent JavaScript obje&sgin by inserting lines of PHP cagkar the beginning of
the index.phpfile, as shown below.

$Hscroll=$_REQUEST['HscrollT;
$Vscroll=$_REQUEST['Vscroll7];
include('mapFunctions.php');

include ('Stations.php’);
$stationCount=Stations::loadSta tions();
include('RoutePoint.php’);
$pointCount=RoutePoint::loadPoints();

?>
<html>
<head>
<title>London Underground route planning</title>

Go now to the<script>block and insert lines of code to convert data to JavaScript objects and varigbles b
means of JSON encoding.

var HscrollPosition=400;

Hscroll = <? echo json_encode($Hscroll); ?>;
Vscroll = <? echo json_encode($Vscroll); ?>;
var Hscroll=false;

var Vscroll=false;

stationObj = <? echo json_encode(Stations::$stationObj); ?>; A
stationCount = <? echo json_encode($stationCount); ?>;

stationList = <? echo json_encode($stationList); ?>;

listCount = <? echo json_encode($listCount); ?>;

lineObj = <? echo json_encode(Line::$lineObj); ?>;

lineCount = <? echo json_encode($lineCount); ?>;

pointObj = < ? echo json_encode(RoutePoint;:$pointObj); ?>;

\__ pointCount = <? echo json_encode($pointCount); ?>; )

function setup()
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Save thandex.phpfile and copy it to the serverRun the web page and check that the route map entered
earlier is visible and can be etted in the screen window.

T

"“l'UCIU Lane LELESIET SUdT=
: ) \ Piccadilly Cannon Street
ponepherd - Circus Ehanng
st & Kensington ross
(Qlymipia) Mansion House
idhawk Road

Blackfrars
Barons

Hammersmith ) Court

StJames’s
Park

Temple

Ravenscourt West
Park Kensington

Earls South Sloane Westminster

Court Kensington  Square

Embankment

Waterloo ™y

The next step is to add HTML components to the panel on the right of the map to produce a user interface
for the route information system. In preparation for this, open 8tations.phpclass file and add a

loadStationLst( ) method as shown below. This will create an alphabetical list of station names which can
be used in a drojglown selection box.

\
public static function loadStationList()
{

include (‘user.inc');
$conn = new mysgli(localhost, $username, $password, $database);
if (I$conn) {die("Connection failed: ".mysqli_connect_error()); }
$query="SELECT * FROM stations ORDER BY StationName";
$result=mysqli_query($conn, $query);
$num=mysqli_num_rows($result);
mysqli_close ($conn);
$i=1;
$count=0;
while ($i <= $num)
{

$row=mysqli_fetch_assoc($result);

$s=$row[" StationName" ];

$s=str_replace("*"," ", $s);

$s=trim($s);

if (!($stationList[$count]==$s)&&(strlen($s)>2))

{

$count++;
$stationList[$count]=$s;
}
$i++;
}

return $stationList;

\ J

Save theStations.phpfile and copy it to the server.

We can make amall improvement to the map display by linking multiple symbols representing the same
undergiound station, as in the case of King's Cross, Euston and Baker Street in this example.

3§

Old Street

- T TTESTEm R
StJonn s wood ot King's Cross
St Pancras

0

\Baker Great Portland  Euston
Street Street

|

Eusloﬁ
Square

Warren Street

Regent's Park Farringdon
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Open themapFunctions.phdile and locate thedisplayStations( Junction. Add the block of program code
below. Save the file and copy it to the server. Runabb page and check that lines are now drawn to
connect the multiple symbols.

if (show==true)
{
fill(r,g,b);
stroke(0);
xpos=int(xCentre) - int(transH);
ypos=int(yCentre) - int(transV);
ellipse(xpos,ypos,14,14);
( position=stati onObj[i].position; )
if ((position==0)&&(midpoints=='NQ"))
for (j=1;j<=stationCount ;j++)
if (1(i==))
{
stationName2=stationObj[j].stationName;
if (stationName==stationName2)
{
xCentre=stationObj[j].xpos;
yCentre=stationObj[j].ypos;
xpos2=int(xCentre) - int(transH);
ypos2=int(yCentre) - int(transV);
fill(0);
line(xpos,ypos,Xxpos2,ypos?2);
}
}
}
\ } J
}
}
}

The next step is to create two drajpwn listsshowing the underground stations in alphabetical order. This
will allow the user to select the start point and destination for their journey.

Return tothe index.phpfile. Add two further lines of code to the PHP block at the beginning of the file.

include (‘Stations.php);
$stationCount=Stations::loadStations();
include('RoutePoint.php");

$pointC ount=RoutePoint::loadPoints();

$stationList=Stations::loadStation List();
$l istCount =sizeof($stationList);

?>

Go to the end of thesscript>blockin index.phpandadd amakeLists( Junction as shown below.
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-
function makeLists(listCount,stationList)
{
selF = createSelect();
selF.position(1050, 80)
selF.size(250, 30);
selF.option(* );
for (i=1;i<=listCount;i++)

{
}

selT = createSelect();
selT.position(1050, 150);
selT.size(250, 30);
selT.option(" ");

for (i=1;i< =listCount;i++)

{
}

selF.option(stationList[i]);

selT.option(stationList[i]);

!}

</script>

Move now to thesetup( )function near the start of thesscript>block. Add lines of program code to
produce captions for the dredown list boxes, then call the functida create the lists.

function setup()
if ((Hscroll>0)||(Vscroll>0))

VscrollPosition=Vscroll;
HscrollPosition=Hscroll;

}
createCanvas(1000, 654);

captionF = createElement(‘h3', 'Travelling from");
captionF.po sition(1050, 40);

captionT = createElement(‘h3’, 'to");
captionT.position(1050, 110);
makeLists(listCount,stationList);

Save thandex.phpfile and copy it to the server. Run the web page and check that stations are listed in the

drop-down selection boxesas in the example belaw

riomingroen
bd Crescant

q's Cross
5t Pancras

—Lo,

Goodge g:ﬁ;f;l Berbican

Street

Moorgate

Liverp DEI
Chancery Lane

Slraet

Toitenham
Court Road Aldga

Covent Garden

9,
StPaul's

|
Cannon Straset s

Park

Leicester Square

|
Piccadily
Circus

Charing

Travelling from

w
to
b
[TTOTTIS IO N
Honor Cak Parlk
Hornchurch

Hounslow East
Hounslow YWest
Hoxton

Hyde Fark Corner
Ickenham
Imperial Wharf

Island Gardens

Hounsiow/Ceniral
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Return to thesetup( )function in theindex.phpfile. Add lines of program code as shown below to create a
‘clear’ button.

captionF = createElement('h3', 'Travelling from");
captionF.position(1050, 40);

captionT = createElement('h3’, 't0");
captionT.position(1050, 110);
makelLists(listCount,st ationList);

buttonC = createButton('clear’);
buttonC.position(1080, 200);

buttonC.mouseClicked(clearSelection);

}

Go now to the end of thescript>block andnsert aclearSelection( junction. This will reset the two
drop-down lists to show blank input boxes.

function clearSelection()
{
selT.remove();
selF.remove();
makeLists(listCount,stationList);
}

Save thandex.phpfile and copy it to the server. Run the web page and select stations from the drop
down lists, then click the 'clear' button. Check that the input boxes are cleared correctly.

As an alternative to selecting stations from the didpwn lists, the user willdable to select the start and
finish points for their journey by clicking on station symbols on the map. The name of the first station
clicked will be inserted into th&tavelling from drop-down list box. The name of the second station
clicked will benserted into theto' box.

Return to theindex.phpfile. Add themouseClicked(junction below thedraw( )function in the<script>
block as shown in the two boxes below

4 function mouseClicked() )
{
X=mousexX;
y=mouseY,
if(x<960)&&(y<620))
{
if ((Vscroll==false)&&(Hscroll==false))
{
for (i=1;i<=stationCount ;i++)
{
xCentre=int(stationObj[i].xpos);
yCentre=int(stationObj[i].ypos);
Xdiff = abs(xCentre - (x+transH));
Ydiff = abs(yCentre - (y+transV));
if (Xdiff<10)&&(Ydiff<10))
stationID=stationObj[i].stationID;
}
selT.remove();
selF.remove();
makelLists(listCount,stationList);
- J
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4 for (i=1;i<=stationCount;i++) A
if (stationObj[i].stationID==stationID)
stationName=stationObj[i].stationName;
stationName = stationName.replace(*'," ");
stationName = trim(stationName);
}
}
if (inputCount==0)
{
fromStation=stationName;
inputCount=1;
for (i=1;i<=listCount;i++)
{
if (stationList[i]==stationName)
selF.selected(stationList[i]);
}
}
else
for (i=1;i<=listCount;i++)
if (stationList[i]==stationName)
selT.selected(stationList[i]);
if (stationList[i]==fromStation)
selF.selected(stationList[i]);
}
}
) }
\ J

MouseClicked( Is activated automatically if the user clicks the mouse on the map area. It begins by
obtaining thex andy map coordinates of the mouse pointer, then checks the station dbjecfind the
name of the station. This is used to select the station name which is displayed in the appropriate drop

down list box.

We keep track of the entry of the first and second stations by means of a vaiighl€Count, which
begins with a vale of 0 and changes to 1 when the first station is selected on the nmtagname of the
first station is stored as a variabfedmStation'. Go to the start of thesscript>block to initialise these.

pointObj = <? echo json_encode(RoutePoint::$pointOb
pointCount = <? echo json_encode($pointCount); ?>;

;7>

var fromStation="";
var inputCount=0;

function setup()

These variables should also be reset when the 'clear’ button is clicked. Godedn8election( junction

andadd lines of code to do this.

selT.remove();
selF.remove();
makelLists(listCount,stationList);

inputCount=0;
fromStation="";
}
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Save thandex.phpfile and copy it to the server. Run the web page. Select start and destirstations

by clicking on the map, and check that these appear in the-dmpn list boxes. Check also that the clear
button cancels the entries correctly.

Now that the start and destination can be selected, either from the edown lists or by atking on the
map, we can move on to find routes between these stations. We will begin by aating route'button
and atext areawhere the route information will be displayed.

Qld Strast to

Farringdon

Busoey  Barican

clear find route

Moorgate

Chancery Lans Str

olbom
Bank
[Garden

5t Paul's
are Monument i
Cannon Streat

Mansion House

Blackfriars

Return to theindex.phpfile and locate thesetup( )function. Add lines of code as shown below to create
the button and text area.

buttonC = createButton('clear’);
buttonC.position(1080, 200);
buttonC.mouseClicked(clearSelection);

buttonR = createButton('find route');
but tonR.position(1180, 200);
buttonR.mouseClicked(findRoute);
textArea = createElement('textarea’);
textArea.position(1020,260);
textArea.attribute("rows","24");
textArea.attribute("cols","40");

Go to thebottom of the <script>block and add &indRoute( )function belowclearSelection). This
functionwill be called when the 'find route' button is clicked. Savaex.phpand copy it to the server.

function findRoute()

{
window.location =" findRoute.php?fromStation="+selF.value()
+"&toStation="+selT.value()+"&Hscroll=" +int(HscrollPosition)+
"&Vscroll="+int(VscrollPosition);
}

We will now create a new page which will be loaddten the 'find route’ button is clicked. The names of
the start and destination stations will be transferred to this page as part of the URL address. Open a blank
file and add the program code below. Save the filéradRoute.phpand copy it to the erver.
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<?
$fromStation=3_REQUEST['fromStation’;
$to Station=$_REQUEST['toStation'];
?>
<htmlI>
<body>
<?
$message=$fromStation." to ".$toStation;
echo $message;
echo"<form method=post action="index.php?me ssage=".$message.">";
echo"<p><input type=submit value='continue'>";
echo"</form>";
?>
</body>
</html>

The program creates a text strifgnessagevhich is made up from the names of the start and destination
stations selected eddr. In the completed system, this message will also contain details of routes which

have been found. It is displayed on the page for test purposes.

Leicester Square to Monument

| continue |

The$messagestring is transferred back to thedex.phppage when the 'continue' button is clicked.

Return toindex.phpand add lines of code near the start to collect the message text.

include('RoutePoint.php’);
$pointCount=RoutePoint::loadPoints();
$stationList=Stations::loadStationList();
$listCount =sizeof($stationList);

$message=$_REQUEST['message;
if (lisset($message))
$message="";

?>
<html>
<head>

At the start of the<body>section, add a block of css code to set the font for the text area.

<script src="p5.dom.js"></script>
</head>
<body>

<style>
textarea {

font -family:  Arial, Helvetica, sans - serif;
}

</style>

<br>
<script type="text/javascript">
var VscrollPosition=300;
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Near the start of he <script>block, add a line of program code to convert the PHP variikessagento
a JavaScript variabdes shown below

var fromStation="";
var inputCount=0;

( message=<? echo json_encode($message); ?>; )

function setup()

Go now to thesetup( )function and add lines of program code to display the message string in the text
area. A slight problem is that the normal HTML <br> command for creating a new line of text does not
work in a text area component. iBhmust be replaced with the character sequencgr'.

textArea = createElement('textarea’);
textArea.position(1020,260);
textArea.attribute("rows","24");
textArea.attribute("cols","40");

message = message.replace(/<br>/g,’ \n\r);
textArea.html(message);

}

Save thandex.phpfile and copy it to the server.

Run the web page and select a start and destination station, either by means of thearoplists or by
clicking the mouse on the map. Click the 'findtedbutton to go to the findRoute.php page. Check that
the correct station names are displayed.

Click ' continue' to return to index,php. Check that the station names are now shown in the text area, as in

the example below.
Dz
Travelling from

mingron
rescant

King's Cross
StPancras

() Old Straet to

clear find route

Goodge
® Street

Moorgate Liverpool

) Chancery Lane Street
: Helbom N South Kensington to Liverpool Street
[ ) Aldga
Covent Garden
[ ) St Paul's
Leicester Square B

. Cannon Straat
Charing
Cross Kansion House

One final tak is to add program code to clear the text area along with the atoywn list boxes when the
‘clear' button is clicked. Return to thedex.phpfile and locate theclearSelection( junction. Add lines of
program code as shown below.

464



Chapter 7: London Undergroun

function clea  rSelection()

{
selT.remove();
selF.remove();
makeLists(listCount,stationList);
inputCount=0;
fromStation="";

textArea.remove();

textArea = createElement('textarea’);
textArea.position(1020,260);
textArea.attribute("rows","24");
textArea.attribute("cols","40");

Save thandex.phpfile and copy it to the server. Run the web page, enter stations, then click the 'find
route' button. Click 'continue' to return to the index.php page and display the message strirgtaxth
area. Check that the message text is deleted when the 'clear' button is clicked.

This completes the design of the user interface. We will now work ofintiRoute.phppage which will
run the algorithm for finding routes between the start and tieation stations.

Thestrategy for finding routesan be summariseds follows

1 We first search for a connection which does not involve a change of underground line. To do this, it
is necessary to produce a list of stations for each line in turn, hadkcwhether both the
departure and destination points are present in tha@melist. Itmay be the casthat more than
one line provides a direct connection between stationsyah the District and Circlelines
betweenSouth Kensingtormand Temple

St James's
Park

Victoria

South Sloane Westminster Embankment

Kensington  Soquare

The lists should be made up from station names rather than stationlD numbers. This will ensure
that multiple station pointavith different ID numbersas atVictoriaand Embankmentin the above
example, are recognised as the same station.

91 If no direct Ink is found, then we search for journeys involving one change of underground line.
Each line serving the start station is compared with each line serving the destination. If a station is
found which is on both a start and finish line, then this is asiibschangestation.

9 If a connection is not found with one change of underground line, we search for a connection
involving two changes. A list is made of all stations which can be reached from the starting point
with one change. A check is made forumerground line running from any of these stations to
the destination.

1 Due to the highly interconnected nature of the London Underground system, it was found that a
journey could be made between any two stations on the netweitk a maximum of two chares.

All the necessary data for finding routes can be obtained fromitteg station androutePointtables as in
the example below

To find the stations on a particular underground line, such ainatralline shown here, we use tHmelD
value to idetify all route points on that line. The names of the stations can then be found from the
stationlDvalue. At this stage we are not concerned about the order in which the stations occur along the
line, but only that they lie on the same underground line.
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routePointlD  linelD  stationlD pointer backpointer branch  position
7 /1\ 235 8 6 1 0
8 1 121 20 7 1 0
9 1 @ 24 10 1 0
10 1 g Q 11 1 i}
11 1 9 StationlD  StationName Xpos Ypos Position
- \ i) 2 1 Tottenham*Court Road 1237 806 T
Oxford*Circus 1131 3807 1
3 Camden Town* 1279 544 8
4  Swiss Cottage™ 1014 588 3
linelD /lineName colourCode solid | 1495 1012 5
dCentral 227,4436 1
2 Northern 36.32,33 1
3 Circle 248,210.8 1

Notice that somestationIDvaluesshowno station name. These represent points which were inserted
between stations simply to allow the line to follow a more accurate route on the map.

We will begin by creating a function to obtain stttion ramesfor points alonga specified underground
line. Go to theRoutePoint.phpclass fileand add astationList( )method as shown belowThis uses an SQL
command to obtairthe stationlDs, then another SQL command to obtain the correspondtagion names.
The results are returned as$stationNamearray.

4 )

public static function stationList($linelD)

{
include (‘'user.inc');
$conn = new mysgli(localhost, $username, $password, $database);
if (!$conn) {die("Connection failed: ".mysqli_connect_error()); }
$query="SELECT stationID FROM rout ePoint WHERE linelD="$linelD";
$result=mysqli_query($conn, $query);
$num=mysqgli_num_rows($result);
$i=1;
$count=0;
while ($i <= $num)
{
$r ow=mysqli_fetch_assoc($result);
$station =$row[" stationID" ];
$stationQuery="SELECT StationName FROM stations WHERE :ﬁ
StationlD="$station™;
$stationResult  =mysqli_query($conn,  $statio nQuery);
$row=mysqli_fetch_assoc( $stationResult );
$name=$row[" StationName" ];
if (strlen($name)>2)

$stationName[$count]=trim(str_replace("*"," ",$name));
$count++;
}
$i++;
}
mysqli_close($conn);
return $stationName;
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Save theRoutePoint.phpfile and copy it to the server.

Return tofindRoute.phpand add lines of program code as shown belde 'ncludé commands will
allow access to thedrutePoint, Line and Stations classes. A lodlpeis used to obtain station lists for each
of the underground lines in turn. Checks are carried out to determine whether'tsothStation' and
‘toStation’ are present in the same list, indicating that foeirney can be carried out without changing line.

<?
$fromStation=$ REQUEST['fromStation;
$toStation=$ REQUEST['toStationT;

include('RoutePoint.php");
include('Line.php");
include (‘Stations.php’);
$routeResul tCount=0;
$routeResult=array();
$routeResult]] = array();

?>

<htmlI>

<body>

<?
$message=%$fromStation." to ".$toStation;
echo $message;

/$IineCount:Line::IoadLines(); )

for ($j=1;$j<=$lineCount;$j++)

{
$linelD=Line::$lineObj[$]] - >linelD;
$fromFound=false;
$toFound=false;
$list=RoutePoint::stationList($linelD);
for ($i=  0;$i<=count($list);Pi++)

if ($list[$i]==$fromStation)
$fromFound=true;

}

if ($list[$i]==%toStation)

$toFound=true;

}

if ($fromFound==true)&&($toFound==true))

{
$lineName=Line::getLineName($linelD);
$routeResultCount++;
$routeResult[$routeResultCount][1]=$fromStati on;
$routeResult[$routeResultCount][2]=$toStation;
$routeResult[$routeResultCount][3]=$lineName;

}

\J Y,
echo"<form method=post action="index.php?message=".$message.">";
echo"<p><input type=submit value='continue'>";
echo"</form>";

>

</body>
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Results will be displayed in a tab@ontinuing to work in théindRoute.phpfile, insertlines of code to
produce table headings, then a loop to output the details of routes which have been found.

SavdindRoute.phpand copy it to the server.

$routeResult[$routeResultCount][2]=$toStation;
$routeResult[$routeResultCount][3]=$lineName;

}
}

4 echo"<p>";

echo'<table border=1 cellpadding=5>";
echo"<tr><th></th>";

echo"<th>F rom station</th>";
echo"<th>To station</th>";
echo"<th>First line</th>";

for ($i=1;$i<=$routeResultCount;$i++)

{

echo"<tr><td>".$i."</td>";
echo"<td>".$routeResult[$i][1]."</td>";
echo"<td>".$routeResult[$i][2]."</td> :
echo"<td>".$routeResult[$i][3]."</td>";

}
\ echo'</table>"; )

echo"<form method=post action="index.php?message=".-$message.">";
echo"<p><input type=submit value='continue'>";

Open theline.phpclass fileand add a small method as shoWwelow. This will take the ID number for an
underground line as the input parameter, then return the corresponding line name. L8asv@hpand

copy it to the server.

( public static function getLineName($linelD) A
{
$lineCount = Line::loa dLines();
for($i=1;$i<=$lineCount;$i++)
if (Line::$lineObj[$i] - >linelD == $linelD)
$lineName = Line::$lineObj[$i] - >lineName;
}
return $lineName;
. i J
}
?>

Run the web site. Carry out tests éyteringa series of jarneys which can be made without changing
underground line. In each caseheck that the program selects the correct line&s)n the examples shown

South Kensington to Monument South Kensington to King's Cross St Pancras
From station To station || First line From station To station First line
1 | South Kensington || Monument | Circle 1 || South Kensington || King's Cross St Pancras || Circle
2 || South Eensington | Monument || District 2 | South Kensington | King's Cross St Pancras || Piccadilly
| continue | | continue |
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We can now move on to considgurneys where one change of line is necessdiye straegy will be to
keep a list of the underground lines serving the start station, and another list of the lines serving the
destination. Stations along these lines can then be compared to find a change point.

Return to thefindRoute.phpfile. Go to the loopstructure and add lines to the twd..." blocks. These will

collect thelinelDvalues for any lines passing through the start or destination stations and store them in
arrays.

$toFound=false;
$list=RoutePoint::stationList($linelD);
for ($i=0;$ i<=count($list);$i++)
{
if ($list[$i]==SfromStation)
$fromFound=true;
$fromCount++;
$fromArray[$fromCount]=$linelD;
}
if (Blist[$i]==$toStation)
{
$toFound=true;
$toCount++;
$toArray[$toCount]=$linelD;
}
}
if (($fromFound==true)&&($toFound==true))

Add three variablesiearthe start of the<body>section.

$message=$fromStation." to ".$toStation;
echo $message;

$direct=false;
$fromCount=0;
$toCount=0;

$lineCount=Line::loadLines();

The Boolean variabldirect will be set to true or false, depending on whether a direct connection is found
from the start point to the destination with no change of line. The integer varigtesnCountand
$toCountwill count the umber of different underground lines serving the start station and the
destination.

Move down towards the end of the <body> section and ddline of program code shown belowh&
value of$directis setto true if a direct connection is found.

if ($fromFound==true)&&($toFound==true))
{

( $direct=true; )

$lineName=Line::getLineName($linelD);
$routeResultCount++;
$routeResult[$routeResultCount][1]=$fromStation;
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Move down and add the block of program cod@wain below. This code will operate only if a change
underground line is necessary.

$routeResult[$routeResultCount][2]=$toStation;
$routeResult[$routeResultCount][3]=$lineName;
}
}
(" if ($direct==false) )
$resultCount= oneChangg$fromStation,$toStation,$fromArray, :ﬁ
$toArray,$fromCount,$toCount);
if ($resultCount==0)
{
echo"<p>No connection found";
}
g ) J
echo"<p>";
echo'<table border=1 cellpadding=5>";

The program will call a functiooneChangé). Set up this furttion at the end of thefindRoute.phpfile,
below the closing </body> and </html> tags.

</body>
</html>
(<’) \

function  oneChange($fromStation,$toStation,$fromArray, $toArray, :@
$fromCount,$toCount)
{

$lineCount=Line::loadLines();

$stationCount=Stations::loadStations();

global $resultArr ay;

global $routeResult;

global $routeResultCount;

$resultCount=0;

for ($i=1;$i<=$fromCount;$i++)

{
$lineName1l=Line::getLineName($fromArray[$i]);
$listl=RoutePoint::stationList($fromArray[$i D;
for ($j=1,$j<=$toCount;$j++)

$lineName2=Line::getLineName($toArray[$j]);
$list2=RoutePoint::stationList($toArray[$j]);
$count=checkConnection($list1,$list2,$lineNamel,$lineName?2);
for ($ k=1;$k<=$count;$k++)

{
$routeResultCount++;
$routeResult[$routeResultCount][1]=$fromStation;
$routeResult[$routeResultCount][2]=$toStation;
$routeResult[$routeResultCount][3]=$lineName1;
$routeResult[$routeResultCount][4]= $resultArray[$K];
$routeResult[$routeResultCount][5]=$lineName2;

}

$resultCount= $resultCount+$count;

}
return $resultCount;
}
7>
- J
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The function takes each of the lines serving the start station in turncangpares it to each of the lines
serving the destination. This is done by calling a funaiwtkConnection(.)The functionreturns a list of
any stations which are on both of the lines. A journey could then be made by travelling on the first line,
changing at any shared station, then completthg journey on the second line, e.g.:

START LINE DESTIMATION LINE

Queensway Baker Street SHARED STATION(S)
Lancaster Gate Regent's Park I:>

Marble Arch Oxford Circus Oxford Circus
Bond Street Piccadilly Circus

Oxford Circus Charing Cross

Add thecheckConnection( andgetStationName( functions at the end of thefindRoute.phppage as

shown below.ThecheckConnection(function makes use anarray_intersec{) command This very
usefulPHP function takes two arrays as its input parameters, then creates a results array containing only
the items which are common tooth of the input arrays.

function checkConnection($list1,$list2,$li neNamel,$lineName2)
{
global $resultArray;
$intersection = array_intersect($list1, $list2);
$resultCount=0;
for ($k=0;$k<count($list1);$k++)

if (strlen($intersection[$k])>1)
{

$resultCount++;
$r esultArray[$resultCount]=$intersection[$k];

}
}

return $resultCount;

}

function getStationName($stationID, $stationCount)

for($i=1;$i<=$stationCount;$i++)

if (Stations::$stationObj[$i] - >stationID == $statio niD)
{ $stationName = Stations::$stationObj[$i] - >stationName;
$stationName=trim(str_replace("*"," ", $stationName));
}
}
return $stationName;
}
>

Add lines of code to add extra columiesextend the results arrayas shown below.
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echo"<th>From station</th>";
echo"<th>To station</th>";
echo"<th>First line</th>";

echo'"<th>First change</th>";
echo"<th>Second line</th>";

for ($i=1;$i<=%routeResultCount;$i++)

{
echo"<tr><td>".$i."</td>";
echo"<td>".$routeResult[$i][1]."</td>";
echo"<td>".$routeResult[$i][2]."</td>";
echo"<td>".$routeResult[$i][3]."</td>";

echo"<td>".$routeResult[$i][4]."</td>";
echo"<td>".$routeResult[$i][5]."</td>";

echo"</table>";

SavefindRoute.phpand copy it to the server. Run the website and select journeys which can be made with
one change of underground line. Check that all route options are displayed correctly. Also check that
journeys requiringnore than one change of underground line display the mesgdge&obnnection found

Queensway to Piccadilly Circus

From station To station First line | First change || Second line

1 || Queensway || Piccadilly Circus || Central || Oxford Circus | Bakerloo

[

Queensway || Piccadilly Circus || Central || Holborn Piccadilly

| continue | Mitcham Tunction to Brixton

No connection found

When testing the programyou may discover that some routes are duplicated by the search algorithm. We
will return to correct this problem later.

We will nowconsider journeys involving two changes of underground ldeeate awoChanges$)
function in thefindRoute.phpfile by addngthe block of code shown on the next page.

The start statiormay beserved by jusbneline, as in the case &ussel Squarey up to a total of six
different linesin the case oKing's CrossAny line passing through the start station selected, for example
the Victoria lineand thisis designated anel. A list of all stations along this line is compiled.

The destinaton stationmay again beserved byone or more lines Any line passing through the destination
station is selected, for example the Northern line, and this is designatide@s A list of all stations along
this line is again compiled.

ey

destination
station

O

first cha\nge

Y

©)

© start
472 station
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4 )

fun ction twoChanges($fromStation,$toStation,$fromArray, $toArray,$fromCount,$toCount)
{
$lineCount=Line::loadLines();
$stationCount=Stations::loadStations();
global $resultArray;
global $routeResult;
global $routeResultCount;
$resultC ount=0;
for ($i=1;$i<=$fromCount;$i++)
{
$lineNamel=Line::getLineName($fromArray[$i]);
$listl=RoutePoint::stationList($fromArray[$i]);
for ($j=1;$j<=$toCount;$j++)

$lineName2=Line::getLineName($toArray[$j]);
$li st2=RoutePoint::stationList($toArray[$j]);
for ($h=1;$h<=3$lineCount;$h++)

$linelD = Line::$lineObj[$h] - >linelD;
if (($linelD != $fromArray[$i])&&($linelD != $toArray[$j]))
{

$list3=RoutePoint::stationList($li nelD);

$lineName3=Line::getLineName($linelD);
$resultl=checkConnection($list1,$list3,$lineNamel,$lineName3);
$resultArrayl=$resultArray;

$result2=checkConnection($list2,$list3,$line Name2,$lineName3);
$resultArray2=$resultArray;

if (($resultl>=1)&&($result2>=1))

for ($k=1;$k<=$resultl;$k++)

for (Sw=1;$w<=%result2;$w++)

{
$routeResultCount++;
$routeResult[$routeResultCount][1]=$fromStation;
$routeResult[$routeResultCount][2]=$toStation;
$routeResult[$routeResultCount][3]=$lineNamel;
$routeResult[$routeResultCount][4]=$resultArray1[$K];
$route Result[$routeResultCount][5]=$lineName3;
$routeResult[$routeResultCount][6]=$resultArray2[$w];
$routeResult[$routeResultCount][7]=$lineName2;
$resultCount++;

}

return $resu  ItCount;

I J

We now search for a third line which connects lines 1 and 2 and would form the central link of a journey
involving two changes. We choose a line different to lines 1 and 2, such as the Central line. This is
designated afine3 andallist of all stations along the line is again compiled.

ThecheckConnection(function is called to determine whether one or more stations are on tiotn 1

andline 3. Itis also called to determinghether any stations are on botme 2andline 3. If shared

stations are found in both cases, then a route has been found. The names of lines 1,2 and 3 are recorded,
along with the names of the possible change stations.
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The program then uses loops to check other start, finish and connecting linest sdl tloaites from the
start station to the destination station involving two changes of underground line are found.

We again ned to extend the results arrap display the additional dataAdd code as shown below.

echo"<th>First change</th>";
echo"<t h>Second line</th>";

echo"<th>Second change</th>";
echo"<th>Third line</th>";

for ($i=1;$i<=$routeResultCount;$i++)

{
echo"<tr><td>".$i."</td>";
echo"<td>".$routeResult[$i][1]."</td>";
echo"<td>".$routeResult[$i][2]."</td>";
echo"<td>".$routeResult[$i][3]."</td>";
echo"<td>".$routeResult[$i][4]."</td>";
echo"<td>".$routeResult[$i][5]."</td>";

( echo"<td>".$routeResult[$i][6]."</td>"; j

echo"<td>".$routeResult[$i][7]."</td>";

echo'</table>";

Continuing to work in théindRoute.phpfile, insert program lines toadl thetwoChanges| function.

if ($direct==false)

$resultCount=oneChange($fromStation,$toStation,$fromArray,
$toArray,$fromCount,$toCount);

if ($resultCount==0)

$resultCount=twoChanges($fromStation,$toStation,$fromArray, :ﬁ
$toArray,$fromCount,$toCount);
}
if ($resultCount==0)
{
echo"<p>No connection found";
}

Save thdindRoute.phpfile and copy it to the server.

Run the website and select journeys which require more than one change of underground line. Check that
all route options are displayed correctly.

Brixton to Lewisham

From station | To station | First line First change Second line Second change | Third line

1 || Brixton Lewisham || Victoria | Oxford Circus Central Bank DLR

2 || Brixton Lewisham || Victoria | Oxford Circus Central Stratford DLR

3 (| Brixton Lewisham || Victoria | Oxford Circus Central Stratford DLR

4 || Brixton Lewisham || Victoria | Victoria District West Ham DLR

5 || Brixton Lewisham || Victoria | King's Cross St Pancras | Hammersmith and City | West Ham DLR
Brixton Lewisham || Victoria || Green Park Jubilee Canning Town | DLR

7 || Brixton Lewisham || Victoria | Green Park Jubilee Canary Wharf | DLR
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When testing the programyou may discover that some routes are duplicated by the search algorithm, as in
the case of options 2 and 3 listed above. This problem can be correctediiging aremoveDuplicates( )
function.

Return tothe findRoute.plp file. Add a line of code to calemoveDuplicates( before the results table is
displayed.

if ($resultCount==0)
{

}
}

( $routeResult=removeDuplicates($routeResult,$routeResultCount); )

echo"<p>No connection found";

echo" <p>";

echo'<table border=1 cellpadding=5>";
echo"<tr><th></th>";

echo"<th>From station</th>";

Go to the end of thdindRoute.phpfile and add theremoveDuplicates( junction, as showibelow. Save
findRoute.phpand copy it to the serwe

4 )
function removeDuplicates($routeResult, $routeResultCount)
{
global $routeResultCount;
for ($i=1;$i<=$routeResultCount;$i++)
{
$c[$i]=FrouteResult[$i][1]." ".$routeResult[$i][2]." " :i
SrouteResult[$i][3]." ";
$c[$i]=%c[$i].SrouteResult[$i][4]." ".$routeResult[$i][5]." *;
$c[$i]=%c[$i].SrouteResult[$i][6]." ".$routeResult[$i][7];
$routeResult[$i][ 10]=0;

for ($i=2;$i<=$routeResultCount;$i++)

$Scurrent=$c[$i];
for ($j=1;%j<3i;$j++)
{

if ($c[$j]==$current)
{

$routeResult[$i][ 10]=-1;
$routeResult[$i][ 8]=-1,

}
}
$tempCount=0;
for ($i=1;$i<=$routeResultCount;$i++)

if ($routeResult[$i][ 10]==0)
{
$tempCount++;
$tempArray[$StempCount]=$routeResult[$i];
}
}
$routeResult=$tempArray;

$routeResultCount=$tempCount;
return $routeResult;
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The function operates by making up a text string for eaust of the results table by combining the station
and underground line entries in each of the columns. This string is then compared with the text strings
producedfor all previous rows, and the current row is marked for deletion if the exact same sattef ro
data is found.

Run the website. Select journeys involving one or two changes of underground line, and chéo&réhat
arenow no duplicatedroutesin the results table.

Brixton to Lewisham
From station || To station || First line First change Second line Second change | Third line
1 | Brxten Lewisham | Victoria || Oxford Circus Central Bank DLR
2 || Brixton Lewisham | Victoria || Oxford Circus Central Stratford DLR
3 | Brixton Lewisham || Victoria | Victoria District West Ham DLR
4 | Brixton Lewisham || Victoria | King's Cross 5t Pancras || Hammersmith and City | West Ham DLR

When testing the program with journeys involving changes of undergronadyiou will discover the
largenumber of different routes may be displayed. Some routes, whilst theoretically possible, may be
much longer than othersWewill recommend that the traveller chooses the route with the least number
of intermediate statbnson the assumption that this will be the shortest and most direct route

Counting the intermediate stations between two points may not be a straightforward task. As we saw in
the introduction to this chapter, the London Underground system has soregvihich includdoops and
some lines with multiple branche#\s a consequence, the processing time reeghimay be significant for a
long list of alternative routes. To reduce the processing time, the more unsuitable routes can be quickly
filtered out by estimating route lengthsn the map display

Considera journey involving two changes of underground line. Straight line distances on the map between
journey points can be found by means of Pythangoras' theorem:

change 1 line 1

destination

change 2

The straight line distaze from the start station to the first change station is given by:
Q Qw Qw

wheredx s the difference in x coordinates between the station points, dyd the difference in the y
coordinates After calculating the straight line lengthls, d, andds for the stages of the journey, the results
can beadded to obtain an estimate for the whole journey distance measured in screen pixels.
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Open theStations.phpclass file and add thgetPixels( )nethod shown below.SaveStations.phpand
copy it to the server.

The getPixels( methodtakes two station ames as input parameters\ loop then checks each Station
object to obtain the xand ycoordinates of the stations. Pythagoras' formula is then used to calculate the
straight line distance between the stations.

4 )
public static function getPixels( $fromStation,$toStation)
{

$stationCount=Stations::loadStations();
$distance = 0;
for ($i=1;$i<=PstationCount;$i++)
{
$s=Stations::$stationObj[$i] - >stationName;
$s=str_replace("*"," ",$s);
$s=trim($s);
if ($s==$fromStation)
$fromX=Stations::$stationObj[$i] - >Xpos;
$fromY=Stations::$stationObj[$i] - >ypos;

}
if ($s==%toStation)

$toX=Stations::$stationObj[$i] - >XpOs;
$toY=Stations::$stationObj[$i] - >ypos;
} }
$distance = sqrt((($fromX - $toX)*($fromX - $toX))+(($fromY - $toY)*($fromY - $toY)));
return $distance;
}
\§ J

Return tothe findRoute.phpfile. Locate th@neChange(junctionandadd lines of program code as
shown below.

$count=checkConnection($list1,$list2, $lineNamel, $lineName2);

for ($ k=1;$k<=$count;$k++)

{
$routeResultCount++;
$routeResult[$routeResultCount][1]=$fromStation;
$routeResult[$routeResultCount][2]=$toStation;
$routeResult[$routeResultCount][3]=$lineName1;
$routeResult[$routeResultCoun t][4]=$resultArray[$k];
$routeResult[$routeResultCount][5]=$lineName2;

$firstStage=Stations::getPixels($fromStation,$resultArray[$K]);
$secondStage=Stations::getPixels($toStation,$resultArray[$K]);
$distance = intval($fir stStage+$secondStage);
$routeResult[$routeResultCount][8]=$distance;

}

$resultCount= $resultCount+$count;
}
}

return $resultCount;
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Continuing to work in théindRoute.phpfile, move up to the section where the resultbie is displayed.
Add a further column heading and data output, as shown below.

echo"<th>Second change</th>";
echo"<th>Third line</th>";

( echo"<th>Map pixels</th>"; )
for ($i=1;$i<=%routeResultCount;$i++)

if ($resultCount<=4)|| ($routeResult[$i][8]>0))
{

echo"<tr><td>".$i."</td>";
echo"<td>".$routeResult[$i][1]."</td>";
echo"<td>".$routeResult[$i][2]."</td>";

echo'<td>" $routeResult[$i][6]."</td>";
echo"<t d>".$routeResult[$i][7]."</td>";
( echo"<td>".$routeResult[$i][8]."</td>"; )

}
}

echo'</table>";

Save thdindRoute.phpfile and copy it to the server.

Run the web site and select several journeys involving one change of undergroundiitences should
be shown in a 'Map pixels' column in the results table. Compare the lengths of the routes on the
underground map and confirm th#he estimatesseem reasonable

South Kensington to Bond Street
From station To station || First line First change Second line | Second change | Third line | Map pixels
1 || South Kensington | Bond Street | Circle Notting Hill Gate || Central 358
2 || South Kensington | Bond Street || Circle Liverpool Street || Central 1181
3 || South Kensington | Bond Street || Circle Westminster Tubilee 517
4 || South Kensington | Bond Street || Circle Baker Street Tubilee 433
5 | South Kensington | Bond Street | District Ealing Broadway || Central 1192
6 | South Kensington | Bond Street || District Notting Hill Gate || Central 358

Return to thefindRoute.phpfile andlocate thetwoChanges( jundion. Add program code as shown
below. This calls thgetPixels( )nethod three times, for each stage of the journey, then adds the results.

$routeResult[$routeResultCount][5]=$lineName3;
$routeResult[$routeResultCount][6]=$resultArray2[$w] ;
$routeResult[$r  outeResultCount][7]=$lineName2;

$firstStage=Stations::getPixels($ fromStation,$resultArray1[$k]);
$secondStage=Stations::getPixels($resultArray1[$k],$ resultArray2[$w]);
$thirdStage=Stations::getPixe Is($toStation,$resultArray2[$w]);

$distance = intval($firstStage+$secondStage+$thirdStage);
$routeResult[$routeResultCount][8]=$distance;

$resultCount++;
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SavdfindRoute.phpand copy it to the serverRun the web site. Select\seral journeys requiring two
changes of underground line. Again check that the estimated distances in the 'Map pixels' column seem
reasonable for the routes shown.

London City Airport to Blackhorse Road
From station To station First line | First change Second line Second change Third line | Map pixels
1 || Londen City Airport | Blackhorse Road | DLR Bank Central O=xford Circus Victoria 1971
2 | Londen City Airpert || Blackhorse Road | DLR Stratford Central Oxford Circus Victoria 2285
3 || Londen City Airport || Blackhorse Road | DLR West Ham District Victoria Victoria 2402
4 || Londen City Airport || Blackhorse Road | DLR West Ham Hamersmith and City | King's Cross St Pancras | Victoria 1691
5 || Londen City Airport | Blackhorse Road | DLR Canning Town || JTubilee Green Park Victoria 2135
6 || Londen City Airport || Blackhorse Road | DLR Canary Wharf || Jubilee Green Park Victoria 2003
7 || London City Airport || Blackhorse Road | DLR Stratford Jubilee Green Park Victoria 2454

Go to the end of théindRoute.phpfile and add thecompareDistances(function siown on the next page.

A loop checks through the list of routes, picking out the row with the largest map pixel value. The pixel
entry on this row is then replaced by a rogue valuelof

From station To station First line | First change Second line Second change Third line | Map pixels
1 || London City Airport | Blackhorse Road || DLR Bank Central Onford Circus Victoria 1971
London City Airport || Blackhorse Road | DLR Stratford Central Ouford Circus Victoria 2205
3 || London City Airport | Blackhorse Road | DLR West Ham District Victoria Victoria -1
4 | Londen City Airport | Blackhorse Road | DLR West Ham Hammersmith and City | King's Cross 5t Pancras || Victoria 1691
5 || London City Airport | Blackhorse Road || DLR Canning Town | Jubilee Green Park Victoria 2135

The procedure is repeated, setting the highest remainiglpsalue to-1 on each pass, until only the four
routes with the shortest estimated distances remamaltered

function compareDistances($routeResult, $routeResultCount) )
{
for ($j=1;%j<=($routeResultCount - 4);9j++)
$max=0;
f or ($i=1;$i<=%routeResultCount;$i++)
if (SrouteResult[$i][8]>0)
if ($routeResult[$i][8]>$max)
{
$max=$routeResult[$i][8];
$maxpos=%i;
}
}
}
$routeResult[$maxpos][8] = -1;
}
return $routeResult;
\ by
?>
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Move to the section of théindRoute.phpfile where the results table is displaye@all the
compareDistances ) function and ad anif.. conditional block so that only the routes left unaltered by the
compareDistances(function are displayed.

echo"<th>Map pixels</th>";

($r0uteResuIt:compareDistances($routeResuIt,$routeResuItCou nt); )

for ($i=1;$i<=$routeResultCount;$i++)
{

if (($resultCount<=4)||($routeResult[$i][8]>0)) )
{
echo"<tr><td>".$i."</td>";

echo"<td>".$routeResult[$i][1]."</td>";
echo"<td>".$routeResult[$i][2]."</td>";

echo"<td>".$routeResult[$i][7]."</td>";
echo"<td>".$routeResult[$i][8]."</td>";

G )

echo"</table>";

Save thdindRoute.phpfile and copy it to the serveRun the web site and select a varietyjaifrneys
involvingone or two changes of underground line. In each case, no more than four possible route options
should be listed.

Hounslow Central to London City Airport

From station To station First line | TFirst change | Second line | Second change | Third line | Map pixels
1 [ Hounslow Central | London City Airport || Piccadilly || Holborn Central Bank DLR 2066
16 | Hounslow Central | Londen City Auwrport || Piccadilly || Green Park Tubilee Canary Wharf || DLR 2032
18 | Hounslow Central | Londen City Auwrport || Piccadilly || Green Park Tubilee Canning Town || DLR 2074
21 || Hounslow Central | London City Airport | Piccadilly || Leicester Square | Northern Bank DLR 2043

| continue |

Thenext step is to count the number of intermediate stations along each roftereferred routecan then
be seleted with the leastintermediate stationsand an alternative routeelected withthe secondeast
number ofintermediate stations.

Anew class vl be created with the nameBranch. This differs fronthe other classes in the program as it
is not linked to a particular database table. InsteBdynchwill obtain its data from theoutePoint, station
andline tablesas necessary

A Branch objecwill represent each separate branch of an underground line. The line may be simple with
all stations on a single branch, or may have a number of branches serving different destinations.

BRANCH 2

Chalfont and
Latimer

Chesham

BRANCH 3
Watford

Amersham BRANCH 1

Chorleywood Croxley

Rickmansworth Moor Park

Northwood
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Open a new file and add the program code shown beBavethe file asBranch.php

4 )
<?

class Branch

{
public static $branchObj = array();
private $branchiD;
private $linelD;
private $stationID = array();
private $stationName = array();
private $pointCount;

function __cons truct($branchiD,$linelD,$pointCount,$stationID, $stationName)
{

$this - >branchID = $branchiD;

$this - >linelD = $linelD;

$this - >pointCount = $pointCount;

$this - >stationID = $stationID;

$this - >stationName = $stationName;

TheBranch objectswill be constructed by accessing linked lists of stations stored iRthaePoint
database table. Each linked list, as in the example below, represents the sequence of station points along a
branch of an underground line.

routePointID | linelD | stationID | pointer | backpointer
1 2 -1
3 2 A
4 2
5 2 bt
6 2 -1
7 4 -1
8 4 L3 Bl
9 4
10 4 -1
12 5 o
13 5 C
15 7. P |
17 4 : 1 B2
18 4 ] -1
22 5 b
24 5 C
25 5 v -1

1 Each linked list begins withbackpointerset to-1, and ends with pointer set to-1. Thelinked list
isaccessed in sequenty means of pointers which refer toutePointIDvalues.

1 Alinkedlist may move forwardge.g.list A)or backwardge.g. list Bl)hroughthe set of records in

the database table.

An underground line with several branches will appear as separate linked lists (e.g. B1 and B2).

The linkedlist may besplit acrosseveral blocksf records depending on the patten in which the

data was entered, (e.g. list C). The sequence can, however, be easily followed from start to finish

by means of the pointer values.

= =
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Continuing to work on th&ranch.phpfile, add theloadBranch( )nethod shown below.

public static function loadBranch($linelDwanted)
{
echo"<p>Loading branches for line ".$linelDwanted;
$pointCount = RoutePoint::loadPoints();
$stationCount = Stations::loadStations();
$count=0; $objectCount=0;
$stationID =arr  ay();
$stationName = array();
for ($n=1;$n<=$pointCount;$n++)
{
if (RoutePoint::$pointObj[$n] - >backpointer==-1)

{
$linelD=RoutePoint::$pointObj[$n] - >linelD;
if ($linelD==$linelDwanted)
{
$count++;
$routePointID=RoutePoint::$pointObj[$n] - >routePointID;
$stationID[$count]=RoutePoint::$pointObj[$n] - >stationID;
$stationName[$count]=Branch::getStationName($stationID[$count],
$stationCount);
$pointer=RoutePoint::$pointObj[$n] - >pointer;
$next=$pointer;
$finished=false;
while ($finished==false)
{
fo r ($m=1;3m<=$pointCount;$m++)
{
$routePointID=RoutePoint::$pointObj[$m] - >routePointID;
if ($routePointID==$next)
{
$count++;
$stationID[$count]=RoutePoint::$poin tObj[$m] - >stationID;
$stationName[$count]= :ﬁ
Branch::getStationName($stationID[$count],$stationCount);
$next=RoutePoint::$pointObj[$m] - >pointer;
}
}
if (next== -1)
{
$objectCount++;
echo"<p>Branch ".$objectCount;
for ($s=1;$s<=$count;$s++)

{

}
$obj = new Branch($objectCount, $linelDwanted, :@

$count,$stationID,$stationName);
Branch::$branchObj[$objectCount] = $obj;
$finished=true; $count=0;

echo"<br>".$s.": ".$stationID[$s].", ".$stationName[$s];

}
}

}
}

return $objectCount;

\_}

}

>

482



Chapter 7: London Undergroun

The method creates a Branch object for eankdd list found in th&RoutePointtable. Thestructure ofthe
objectis:

Attribute Data type Description

branchlID integer identification number for the branch

linelD integer identification number for the underground line

stationID array of integers | sequence ofstationIDvalues along the branch
stationName | array of strings | corresponding sequence efation namesalong the branch
pointCount | integer number of entries in the stationID array

The station names are obtained from the stationID numbers bgmaef agetStationName( method.
Add this to theBranch.phgfile. Save the file and copy it to the server.

private static function getStationName($IDwanted,$stationCount)
{
$name:"";
for ($i=1;$i<=$stationCount;$i++ )
{
if (Stations::$stationObj[$i] - >stationID==$IDwanted)
$name=Stations ::$stationObj[$i] - >stationName;
}
$name=str_replace("™"," ", $name);
$name=trim($name);
return $name;

'Echd text outputlines were included itbadBranch( Yo allow testing of the method. We can carry out
these tests now.Return tothe findRoute.phpfile andadd a line of code near the start to include the
Branchclass:

<?
$fromStation=$_REQUEST[fromStatio  n';
$to Station=$_REQUEST['toStation";
include('RoutePoint.php’);
include('Line.php");
include (‘'Stations.php");
$routeResultCount=0;
$routeResult=array();
$routeResult[] = array();

( include (‘Branch.php’); )

>
<html|>

Locate the block of code fmdRoute.phpwhich operates when a journey connection is found without a
change of underground line. Add program lines to create Branch objects.
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{

$direct=true;

if ($fromFound==true)&&($toFound==true))

$lineName=Line::getLineName($linelD);

$routeResultCount++;

$routeResult[$routeResultCount][1]=$fromStation;
$routeResult[$routeResultCount][2]=$toStation;
$routeResult[$routeResultCount][3]=$lineName;

( $branc hCount=Branch::loadBranch($linelD);

}

SavefindRoute.phpand copy it to the server.

Run the web site and select a journey between two stations on the same underground line. When the 'find
route' button is clicked, a list should be disped which shows the stations in sequence along each of the

branches of the selected line.

[ R R L i v

Belsize Park to Archway

Loading branches for line 2

Branch 1

1:

197, High Barmnet

: 243, Totteridge and Whetstone
- 244 Woodside Park

: 201, West Finchley

- 193, Finchley Central
: 239, East Finchley

Branch 2

En L e b b e

- 22, Edgware

- 157, Burnt Oak

- 156, Colindale

- 154, Hendon Central
- 155, Brent Cross

- 6, Golders Green

Branch 3
1: 198, Mill Hill East
2: 193, Finchley Central

In some casestationlDs are shown with no station nansalongside. These@the additionalpoints
inserted to allow the line to follow the map more acately.

The next step is to calculate the number of intermediate stations between the start and destination
stations for a journeylong oneunderground line. The procedure can be extended later to allow journeys
where a change of line i®cessaryAlthoughonly a single underground line will be involved, the start and
finish stations may lie on different branches of the line as in the example below.

1 2 3
O—C—=0O

start @ 1

4
O

g

5
)

# 4
3

Q&m
o

6
)

branch 1

Q.
3 ™ finish
4 Q.
’?9,7 2 e O
%, 1

A strategy for calculating the number of intermediate stations is outlined in the flowchart onetkiepage.
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Get start and finish points for
current leg of jouney
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Get station sequence for each branch
of the specified underground line

Get sequence of branches
which link the start and finish
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Select branch along the route.
Count intermediate stations.

Branch links ta

Yes

Y

Count intermediate stations in

hoth directions around the loop.

Select the lower number.

itself?

No

Branch links
1o another branch at
two points between start and
finish ?

No

Another
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finish?

No

Another leg of
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No

.

Calulate total of intermediate stations
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1 branch1
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“‘B
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)l

)l

TheloadBranch( )method will be used to create lists of stations in sequence along each of the
branches of the required underground line.

If the start and destination lie on a single branch, the number of intermediate stations can be
counted directly.

If the start and destination lie on different branches, the number of stations which the route
passes through on each branch are added to obtain the total number of intermediate stations for
the completejourney.

In the special cases of jmeys involving loops of track, the numbers of intermediate stations will

be calculatedor both directions of travel around the loop. The smaller of these results will then
be selected.

The calculations will be coordinated bg@untStationg ) method inthe Branchclass. This will take the
linelD of an underground line and th&tationIDs of two points on that line, then calculate and return the
number of intermediate stations between these points.

T
1

For a route where the start and destination stationsdiethe same underground line, though not
necessarily on the same branch, theuntStationg ) method will be called once.

For a route involving one change, tbeuntStationg ) method will be called to find the number of
stations between the start and chga point on the first line. It will be called again to find the
number of stations between the change point and destination on the second line, then the results
will be added to obtain the complete journey.

For a route involving two changes, tbeuntStations( ) method will be called three times for the
different legs of the journey.

Return to theBranch.phpclass file anédddthe locateStations( )nethod.

Ve

public static function locateStations($fromStation,$toStation,$branchCount)

for ($i=1;$i<=$branchCount;$i++)
{
$pointCount=Branch::$branchObj[$i] - >pointCount;
$location[$i][0]=0;
$location[$i][1]=0;
for ($j=1;%j<=$pointCount;$j++)

$currentStation = Branch::$branchObj[$i] - >stationName[$j];
if($currentStation == $fromStation)

$location[$i][0]= Branch::$branchObij[$i] - >stationID[$j];

}
if($currentStation == $toStation)

$location[$i][1]= Branch::$branchObij[$i] - >stationID[$j];
}
}
}

return $location;

}

7>

Continuing to work in th&ranch.phpclass file, create theountStations( )method as shown below. This
begins by calling thivcateStations( method to determine the numbers of the branches on which the
start and finish stationBe. Save theéBranch.phpfile and copy it to the server.
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4 )
public static function countStations($fromStation,$toStation,$branchCount)
{
$location = Branch::locateStations($fromStation,$toStation,$branchCount);
for ($i=1;$i<=$branchCount;$i++)
{
echo"<br>Branch ".$i.": From location = ".$location[$i][0] :ﬁ
.": To location = ".$location[$i][1];
}
. J J
}
>

Return to thefindRoute.phpfile and again locate the block of code which operatesafjourney on a single
underground line. Add a line to the program to call deaintStations( Jnethod.

if (($fromFound==true)&&($toFound==true))

{
$direct=true;
$lineName=Line::getLineName($linelD);
$routeResultCount++;
$rou teResult[$routeResultCount][1]=$fromStation;
$routeResult[$routeResultCount][2]=$toStation;
$routeResult[$routeResultCount][3]=$lineName;
$branchCount=Branch::loadBranch($linelD);

$intermediate = :i
Branch::countStations  ($fromStation,$toS  tation,$branchCount,$lineName);

}
}

SavdfindRoute.phpand copy it to the serverRun the website and select a journey involving only one
underground line, but beginning and ending on different branch@gck the 'find rate' button and
examine the output, as in the example below.

Woolwich Arsenal to Tower Gateway

Loading branches for line 8

Branch 1 Branch 3

1: 86, Bank [ 1:42, Woolwich Arsenal |
2: 459, 2: 112, King George V

3: 460, 3: 18, London City Airport

4: 80. Shadwell 4: 141, Pontoon Dock

5: 10, Limehouse 5: 176, West Silverton

Branch 2 Branch 4

1: 48, Lewisham R % R
2: 146, Elverson Road [ }’: -Stngo‘.\ S S ]
3 ol 3

: 145, Deptford Bridge
4: 57. Greenwich
5: 11, Cutty Sark for Maritime Greenwich
6: 19, Island Gardens

Branch 1: From location = 0: To location =0
Branch 2: From location = 0: To location =0
Branch 3{From location = 42:)To location =0

Branch 4: From location = 0:[To location = 88
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The stations should be shown in sequence for each branch as previoulsy. A further block of text indicates if
the requiredstationIDvalues have been found on any of these branches, withltestiO shown if not
present.

Test the program for several journeys on different underground lines, but each time beginning and ending
the journey on the same line. Check that the correct start branch and destination branch are selected, and
that the cormrect stationID values are shown.

If stations are located correctlyhe '‘echo’ lines in thébadBranch( methodin the Branch.phpfile cannow
be removed. Alternatively, the output lines can beatgivated by inserting // symbols at the start of the
line, e.g.

public static function loadBranch($linelDwanted)

{
( /I echo"<p>Loading branches for line ".$linelDwanted; )

$pointCount = RoutePoint::loadPoints();

We can now begithe calculaton of intermediate stations during journeys. Tresultswill be displayed as
another column in thesummarytable.

Go to thefindRoute.phpfile and locate the block of code which produces the table. Add lines of code as
shown below, save the file and copy it to the server.

echo"<th>Second change</th>";
echo"<th>Third line</th>";
echo"<th>Map pixels</th>";

( echo"<th>Intermediate stations</th></tr>"; )

$routeResult=compareDistances($routeResult,$routeResultCount);
for ($i=1;$i<=$routeResultCount;$i++)

if ($resultCount<=4)||($rou teResult[$i][8]>0))

{
echo"<tr><td>".$i."</td>";
echo"<td>".$routeResult[$i][1]."</td>";
echo"<td>".$routeResult[$i][2]."</td>";
echo"<td>".$routeResult[$i][3]."</td>";
echo"<td>".$routeResult[$i][4]."</td>";
echo"<td>".$routeResult[$i][5]."</td>";
echo"<td>".$routeResult[$i][6]."</td>";
echo"<td>".$routeResult[$i][7]."</td>";
echo"<td>".$routeResult[$i][8]."</td>";

( echo"<td>".$routeResult[$i][9]."</td>"; )
}

echo"</table>";

Return to theBranch.phpclass file and locate theountStations( )method. Add the lines of program code
shown below.

The program has a loop which checks each of the branches of the specified underground line. If the branch
includes the stationIDs for both the start and destinatiorstationsBetween( )method is called to
determine the number of intermediate stations for the journey.
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public static function countStations($fromStation,$toStation,$branchCount)
{
$loca tion = Branch::locateStations($fromStation,$toStation,$branchCount);
for ($i=1;$i<=$branchCount;3$i++)
{
echo"<br>Branch ".$i.": From location = ".$location[$i][0]
." To location = ".$location[$i][1];
4 $first=true; )
$foundRoute=false;
for ($i=1;$i<=$branchCount;$i++)
if (($location[$i][0]>0)&&($location[$i][1]>0))
$foundRoute=true;
$stations=Branch::stationsBetween($location[$i][0], :i
$location[$i][1],$i);
if ($first==true)
{
$intermediate = $stations;
$first = false;
}
else
if ($stations<$intermediate)
$intermediate = $stations;
}
} }
\§ J
}
( return $intermediate; )
}

We allow for the start and destination both occurrittggetheron more than one branch, as in the case of
journeys between Kennington and Camden Town on the Northern line, or Leytonstone and Woodford on
the Central ling, as shown belowln this case, calculations are carried out for both branches and the lower
number of intermediate stations is selected.

Camden Town
Woodford ¢

Leytonstone (

Kennington

Continuing to work in th&ranch.phpclass file, add thetationsBetweerf ) methodon the nextpage Save
the Branch.phpfile and copy it to the server.
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-

public static function stationsBetween($startStationID,$finishStationID,

{
$pointCount=Branch::$branc  hObj[$branchID] - >pointCount;
$fromFound=false;
$toFound=false;
$intermediate=0;
$first=false;
echo"<br>";
for ($j=1;$j<=$pointCount;$j++)
{

~
$branchiD) :ﬁ

$stationID = Branch::$branchObj[$branchID] - >stationID[$j];
$stationName = Branch::$branchObj[$branchiD] - >stationName[$j];
echo"<br>".$j.": ".$stationID.", ".$stationName;
if (($stationiD==%finishStationID)||($stationID==%startStationID))
{
if ($fromFound==false)
{
$fromFound=true;
$first=t  rue;
EChO" *****************from Statlon",

}

else
{
$toFound=true;
echo" *****************to Statlon" .

}
if ($fromFound==true)&&($toFound==false)&&($first==false))

if (strlen($stationName )>1)

{

$intermediate++;
echo" [".$intermediate."]";

}

$first=false;

}

echo'"<br>";
return $intermediate;

!}
}

>

Go tofindRoute.phpand locate the block of code whichlted thecountStations( )Jnethod. Add a line of

code to copy the number of intermediate stations into the results array, ready to display in the summary
table. Save the file and copy it to the server.

$routeResult[$routeResultCount][2ptoStation;
$routeResult[$routeResultCount][3]=$lineName;
$branchCount=Branch::loadBranch($linelD);

$intermediate = Branch::countStations($fromStation,$&ti®n,$branchCount,$lineName);
( $routeResult[$roueResultCount][9]=$intermediate; )
}
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Run the web site. Select a journey which can be

completed on a single branch of one undergrour] Stockvrell to Oxford Circus

I|ne C“Ck the If|nd I’OUte' button and exam|ne th Branch 1: From location = 23: To location =2
output.

- 7, Brixton

0 23, Stockwe]] FEEsEssssssEsE=EE om station
29, Vauxhall [1]

c435,

1
ThestationlDs andstationNamesshould be listed | 2
3
4
5: 46, Pimlico [2]
&
7
3

in sequence along the branclstart and finish
stations for the journey are indicated. The
direction of travel is not important, as we will
simply count the number of intermediate stations
for the journey. Note that route points with no
station name are not included in the count.

- 374, Victoria [3]

- 98, Green Park [4]

c451,
Q: 2, Oxford Circug #EssssEsssssss=itn station
10: 104, Warren Street

The final result should be displayed as an 11: 106, Euston
. . 12: 43, King's Cross 5t Pancras
additional column in the summary table.

Check that the correct numbers of intermediate stations are found for journeys involving only a single
branch of anyof the underground lins. Correct countshould be show, with thepossible exceptionf

some journeys on the Circle line where the program has counted the 'long way' following the loop in the
wrong directionas shown belowWe will return to the problem of the Circle line later.

Edgware Road to King s Cross 5t Pancraz

From station To station First line First change | Second line | Second change | Third line | Map pixels | Intermediate

—_

Edgware Road | King's Cross St Pancras || Circle

12

2

[B]

Edgware Road | King's Cross St Pancras || Hammersmith and City

L

We now move on taconsider start and destination stations lying on the same underground line, but on
different branches. Let us assume that the start and destination branches are directly linked, as in the
example below:

branch 1
1 2 3 4 3 5] 7 2 5 10 11 12X 13 14 15

OO0 O O OO CC0C=0O Co—CC—=0

74 finish Q.
A= 3 Q7 3 O
-
T2 & %, 2 G
start (O 1 0 2] s 1

The total number of intermediate stations cas found by counting the stations along the route from the
start station on branch 2 to the finish station on branch 1.

Return to thecountStations( )method in theBranch.phpclass file. Add a block of code as shown below
which will call a&heckLink( )nethod if a direct route is not found between the start and destination on a
single branch of the underground line
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$stations=Branch::stationsBetween($location[$i][0], $location[$i][1],$i);
if ($first==true)
{

$intermediate = $sta tions;

$first = false;
}
else
{

if (stations<$intermediate)

$intermediate = $stations;

}
}
}
}

if ($foundRoute==false)
{

$intermediate=Branch::checkLink($fromStation,$toStation, :ﬁ

$branchCount,$location);

}
return $intermediate;

Add thecheckLink( )nethod to theBranch.phpclass file, as showelow. Save the file and copy it to the
server.

-
public stati ¢ function checkLink($fromStation,$toStation,$branchCount,$location)
{
$intermediate = 0;
for ($i=1;$i<=$branchCount;$i++)

if ($location[$i][0]>0)
{

echo"<p>Start station on branch ".$i;

$fromArray = Branch::$branchObj[$i] - >stationID;
$fromCount = Branch::$branchObj[$i] - >pointCount;
$fromBranch=%$i;

}

}
for ($i=1;$i<=$branchCount;$i++)

{
if ($location[$i][1]>0)
{

echo"<p>Finish station on branch ".$i;
$toArray = Branch::$branchObj[$i ] - >stationID;
$toCount = Branch::$branchObj[$i] - >pointCount;
$toBranch=$i;
}
}

return $intermediate;

}

?>

Run the web site. Select a journey along a single underground line, but starting and finishing on different
branches. Clicthe 'find route' button and examine the text outputhecheckLink( Jnethodidentifies the
branches for the start and destination stations, and creates two arrays dedied\rray andtoArray which
contain the sequence of stationIDs along these branches.
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Watford to Amersham

Branch 1: From location = 0: Te location =0
Branch 2: From location = 0: To location =71
Branch 3: From location = 0: To location =0
Branch 4: From location = 131: To location =0

Start station on branch 4

Finish station on branch 2

ThecheckLink( )nethodidentifies the branches for thstart and destination stations, and creates two
arrays calledromArray andtoArray which contain the sequence of stationlDs along these branches.

The next step is to compathe arrays todetermine whether one or more statiopoints occur in bothlf
S0, a connection between the branches has been fouReturn to thecheckLink( )nethod in the
Branch.phpfile and add lines of program code to cal@mpareArrays( jnethod.

$toCount = Branch::$branchObj[$i] - >pointCount;
$toBranch=$i;
}
}
$resultArray = Branch::compareArrays($fromArray,$fromCount,$toArray,$toCount);
$resultCount=count($resultArray);
return $intermediate;
}

Add thecompareArrays( methodat the end of theBranch.phpfile, as shown below

4 N
private static function compareArrays($arrayl,$countl,$array2,$count2)
{
$stationCount=Stations::loadStations();
echo"<p>Array 1";
$resultCount=0;
for ($k=1;$k<=$countl;$k++)

echo"<br>".$k.": ".$array1[$k].", ".Branch::getStationName($array1[$k], :ﬁ
$stationCount);
echo"<p>Array 2";
for ($k=1;$k<=$count2;$k++)
echo"<br>".$k.": ".$array2[$k].", ".Branch::ge tStationName($array2[$k], :ﬁ
$stationCount);

for ($i=1;$i<=$countl;$i++)
for ($j=1,$j<=$count2;$j++)
if (Sarrayl[$i]==$array2[$j])
{

$resultCount++;
$resultArray[$resultCount]=$array1[3$i];

}

echo"<p>Link points between branches";
for ($k=1;$k<=$resultCount;$k++)
echo"<br>".$k.": ".$resultArray[$Kk].", "
.Branch::getStationName($resultArray[$k], $ stationCount); :i
return $resultArray;
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Save theéBranch.phpfile and copy it to the server. Run the web site. Select a journey along a single
underground line, where the start and destination stations lie on two connected branches. Click the 'find
route' button and examine the program output. Stations are listed for the start and destination branches
and any shared stations are identified as link points, as in this example.

Ealing Broadway to Perivale
Branch 1: From location = 120: To location =0

Branch 2: From location = 0: To location =0 Array 2
Branch 3: From location = 0: To location = 235
2: 121, Hanger Lane
Start station on branch 1 3- 235 Perivale
. 9 |
Finish station on branch 3 -: i:g Cercatong
Arrav 1 6: 311 Northolt
1: 120, Ealing Broadway 7: 161, South Ruislip
2: 205, West Acton 8: 312, Ruislip Gardens
0: 159, West Ruislip
4: 204, North Acton
5:234, East Acton (Link points between branches j
6: 295, White City 1: 477,

Return to theBranch.phpfile and add anothemethodasshown below This takes the name of a station
and obtains the equivalent stationID from the array within the branch object.

4 N\
private static function getStationID($stationWanted,$branch)
{
$stationID=0;
$pointCount = Branch::$b ranchObj[$branch] - >pointCount;
for ($i=1;$i<=$pointCount;$i++ )
{
$currentStation = Branch::$branchObj[$branch] - >stationName[$i];
if ($currentStation==%stationWanted)
$stationID=Branch::$branchObj[$b ranch] - >stationID[$i];
}
}
return $stationID;
. } J
}
?>

We now have the components needed to calculate the number of intermediate stations for a journey
between twoconnected branches of a single underground line. Retoithe checkLink( )nethod in the
Branch.phpfile and add the block of program code shown below.

Save theBranch.phpfile and copy it to the server. Run the web site and select a journey on a single
underground line between two linked branches.
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$toCount = Branch::$branchObj[$i]
$toBranch=3i;

- >pointCount;

}
}
$resultArray = Branch::compareArrays($fromArray,$fromCount,$toArray,$toCount);
$resultCount=count($resultArray);

$fromStationID = Branch::getStationID($fromStat ion,$fromBranch);
$toStationID = Branch::getStationID($toStation,$toBranch);
$stationCount=Stations::loadStations();

$first=true;

if ($resultCount>0)

for ($k=1;$k<=$resultCount;$k++)
{

$intermediatel = Branc  h::stationsBetween($fromStationiD,
$resultArray[$k],$fromBranch);
$intermediate2 = Branch::stationsBetween($resultArray[$k],

$toStationlD,$toBranch);

JJ

$total = $intermediatel + $intermediate2;
$linkPointName=Branch::getStationName($resultArray[$k],$stationCount);

if (strlen($linkPointName)>2)
$total++;
if ($first==true)
{
$first=false;
$intermediate=%$total;

}

else

if ($total<$intermediate)
$intermediate=$total;

}
}
}

else

{

!

echo"<p>Checking for connections between three branches...";

return $intermediate;

}

The program listshie stations in each branchnd

also identifies the start and finish points for the journey

segments on each of the branches. The numbers of intermediate statiomscneled and the total

displayed in the results table.

2131, Watford *#=s#ssssss:2253rom station
2317, Croxley [1]
. 465: a:*i—cxxa:$$xxa:$$:<xa:$to Statltlll

Lad bl

- 71, Amersham =##ssskkssseessstfrom station

Journey from Watford to Amersham
1 1 intermediate station found on
the Watford branch.
3 intermediate stations found on
the Amersham branch.

4463, Chesham
314, Chalfont and Latimer [1]

464,

318, Chorlevwood [2]

315, Rickmanzworth [3]

45, FHEsEFRIEEsEER= L0 station
309, Moor Park

318, Northwood

Lad P

e Lh

Amersham

Chalfent and
Lafimer

Waiford

Choreywood Croxley

Rickmanswaorth Moar Park

495




Web-based programnmg projects

Return to thechecKk.ink( )method in theBranch.phpfile. Program code can now be added to find routes
where the start and destination brances are linked via a third intermediate branch. Insert the block of code
shown below and continued on the next page.

else

{

echo"<p>Checking for connecti ons between three branches..."”;
/ for ($i=1;$i<=$branchCount;$i++) \
{

if ($location[$i][0]==0)&&($location[$i][1]==0))
{

echo"<p>Checking for connection via branch ".$i;

$linkArray = Branch::$branchObj[$i] - >stationID;

$linkCount = Branch::$branchObj[$i] - >pointCount;

$linkBranch=%i;

$resultArrayl = Branch::compareArrays($fromArray, :@
$fromCount,$linkArray,$linkCount);

echo"<p>Returned RESULT fromArray to linkArray *****kitikiiikn,
$resultCountl=count($resultArrayl);
fo r ($k=1;$k<=$resultCountl;$k++)
echo"<br>".$k.": ".$resultArray1[$k];
$resultArray2 = Branch::compareArrays($toArray, :@
$toCount,$linkArray,$linkCount);
echo"<p>Returned RESULT toArr ay to linkArray *****ikitkkkik "
$resultCount2=count($resultArray2);
for ($k=1;$k<=FresultCount2;$k++)
echo"<br>".$k.": ".$resultArr ay2[$K];
if (($resultCount1>0)&&($resultCount2>0))
{

echo"<p>Connection found ****#kkkkkkitiiiiikitikt
for ($a=1;$a<=%resultCountl;$a++)

for ($b=1;$b<=%resultCount2;$b++)
{
echo"<br>Travel from ".$fromSt ation." on branch "
$fromBranch.". Link point ".$resultArrayl[$a]
" to branch ".$linkBranch." Link point ".$resultArray2[$b]
."to branch ".$toBranch.". Finish at ".$toStation;
$intermediatel = Branch::stationsBetween($fromStationID,
$resultArrayl[$a],$fromBranch);
$intermediate2 = Branch::stationsBetween($resultArray1[$a],
$resultArray2[$b],$linkBranch);
$intermediate3 = Branch::stationsBetween($toStationID,
$resultArray2[$b],$toBranch);
$total = Sintermediatel + $intermediate2 + $intermediate3;
$linkPointName1=Branch::getStationName($resultArray1[$a],
$stationCount);
if (strlen($linkPointName1)>2)
$total++;
$linkPointName2=Branch::getStationName($resultArray2[$b],
$stationCount);

J JJIII

if (strlen($linkPointName2)>2)
$total++;
if ($first==true)

$first=false;
$intermediate=S$total;
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if ($first==true)

$first=false;
$intermediate=$total;

}

else

if ($total<$intermediate)
$intermediate=$total;

}

echo"<p> Total intermediate sta tions = ".$intermediate."<br>";

return $intermediate;

Save theBranch.phpfile and copy it to the server. Run the web site and select a journey involving travel
from a start branch, via an intermediate branch, to a destination branch of the same underground line. An
exanple would be the journey from West Croydon on branch 2 of the tram netwaaidyranch 1, to the
destination of Harrington Road on branch 3.

Birkbeck
Avenue
Road
(O Harrington Road
BRANCH 3 O Elmers E
(O Arena
BRANCH 2
/ \ (O Woodside
West Croydon
O O O O Blackhorse Lane
Reeves Corner Centrale Wellesley East O
Road Croydon Sandilands Addiscombe
O O O O O O—0O O
Ampere Waddon Wandle Church George Lebanon
Way Marsh Park Street Street Road ° G | Adsnat
Lloyd Park rave ington
< BRANCH 1 ! O~ Hil Village
Coombe Lane O O
I

P

An extract from the program output is shown on the next page.

9 The procedure begins by detaming the branches on which the start and destination stations lie.
It is already known that there is no direct connection between these branches.

1 The program tests each of the remaining branches in turn as a possible link between the start and
destinaton. If shared station points are found with both the start and destination branches, then a
connection is possible.

9 Each set of connect stationpoints is considered in turn. For the example above, the journey
from West Croydon could be made by twoféi&nt routes:

West Croydon Wandle Park- Sandilands- Harrington Road
West Croydon East Croydon Sandilands- Harrington Road
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1 The two possible routes are considered in turn. Start and finish stations for each leg of the journey
are identfied, and the number of intermediate stations counted. A provisional total is obtained for
the whole journey.

1 The program checks whether the branches are linked at stations or at intermediate points along the
line. If links occur at stations, then thesee added to the total of intermediate stations.

1 When calculations are completed, the lowest total is selected from the alternative rotites.
result is displayed in the summary table.

Travel from West Croydon on branch 2. Link point 382 to brancink jhoint 384 to branch 3.
Finish at Harrington Road

: 379, Wandle Park

: 407, Reeves Corner

: 406, Centrale

: 404, West Croydon *rxxskkkirrikkrxfrom station
: 405, Wellesley Road [1]

: 382, East Croydon *xxskkkkkrkkikikitg station

DU~ WNPEP

: 369, Wimblelon

: 367, Dundonald Road
449,

: 368, Merton Park

450,

: 370, Morden Road

: 371, Phipps Bridge

: 372, Belgrave Walk

: 348, Mitcham

10: 373, Mitcham Junction
11: 375, Beddington Lane
12: 376, Therapia Lane
13: 377, Ampere Way

14: 378, Waddon Mah

15: 379, Wandle Park

16: 380, Church Street

17: 381, George Street
18: 382, East Croydon *****¥xkxkkkiixrxfrom station
19: 383, Lebanon Road [1]
20: 384, Sandilands *****xxxkkkkkxrkkig station
21: 385, Lloyd Park

22: 395, Coombe Lane
23: 396, Gravel Hil

24: 397, Addington Village
25: 398, Fieldway

26: 399, King Henrys Drive
27: 400, New Addington

©CONOUAWNR

: 384, Sandilands ***x**xxkxkixixxfrom station

: 386, Addiscombe [1]

: 387, Blackhorse Lane [2]

: 388, Woodside [3]

: 389, Arena [4]

: 390, HarringtorRoad *******rixkkikiritg station
: 391, Birkbeck

: 392, Avenue Road

: 393, Beckenham Road

0: 394, Beckenham Junction

P OoOO~NOOT,WNE

Total intermediate stations = 8

498



Chapter 7: London Undergroun

Almost all journeys on the London underground network can be made via one, two or three branches of
any line. Itis left as a programming exercise to count the number of intermediate stations for a journey
involving four branches of an underground line if required.

We now return to the problem identified earlier for some journ@ysthe Circle lineThe line is
topologically a loop with a tail.

link

o

1 A journey from point A to point B could be made by travelling around the loop in either a clockwise

or anticlockwise direction. The route passing throtlgla leastnumber of intermediate stations
would be chosen.

A journey from point A or B to point C would first involve travelling around the loop to the link
point, clockwise or aritlockwise depending on which route passed through the least number of
intermediate stations.

Consequently, most jourys on the Circle line require a choice to be made about the direction of travel
around the loop.This choice will be made bycacleCount( )nethod which we will add to the Branch class

file.

Go to theBranch.phgfile and add lines girogramcode tothe beginning of theountStations( Jnethod
as shown below.

{

public static function countStations($fromStation,$toStation,$branchCount)

(o . . )
$linelD = Branch::$branchObij[1] - >linelD;

$lineName = Line::getLineName($linelD);

if ($lineName=="Ci  rcle’)

{
echo"<p>Calculating for Circle line....";
$intermediate=Branch::circleCount($fromStation,$toStation);

}

else

! J
$location = Branch::locateStations($fromStation,$toStation,$branchCount);

$first=true;

Add a further bracket to close thedse..condition before theeturn line at the end of the method.

}

if ($foundRoute==false)
{

$intermediate=Branch::checkLink($fromStation,$toStation,
$branchCount,$location) ;

@ )

return $intermediate;
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Addthe circleCount( )methodat the end of theBranch.phpfile. Save the file and copy it to the server.

4 public static functi on circleCount($fromStation,$toStation) )
{
$count=Branch::$branchObj[1] - >pointCount;
for ($i=1;$i<=$count;$i++)
{
$stationID = Branch::$branchObj[1] - >stationID[$i];
$stationName = Branch::$branchObj[1] - >stationName[$il;
echo"<br>".$i.": ".$stationID.", ".$stationName;
}
return $intermediate;
\ y
}
>

Run the web site and select a journey beginning and ending on the Circle line. Click the 'find route' button.
The program will disply a list of thestationsin sequence along the Circle lin€he order may be reversed
from the example below, depending on the direction in which the line evdered.

Shepherd’s Bush Market to High Street Kensington

Calculating for Circle line ...

1: 481, Hammersmith

- 207, Goldhawk Road

: 200, Shepherd s Bush Market
206, Wood Lane

202, Latimer Foad

122, Ladbroke Grove

- 203, Westbourne Park

o [ (O R SR WS

A loop is created by either the first or last station connectm@ {ink station along the line.

link link

o . - O
O finish O start

O start O finish

The next step is to identify the link station. Return to tireleCount( )method in theBranch.phpclass
file. Add lines of code as shown belo8ave the file and copy it to the server.

The method beginby noting the names of the first and last stations along the line. As the loop prints each
station name, a watch is kept for the first or last station name appearing again to create the Circle link.
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public static function circleCount($fromSt ation,$toStation)
{
$count=Branch::$branchObj[1] - >pointCount;
$first = Branch::$branchObj[1] - >stationName[1];
$last = Branch::$bra nchObj[1] - >stationName[$count];
for ($i=1;$i<=$count;$i++)
{
$stationlD = Branch::$branchObj[1] - >stationID[$i];
$stationName = Branch::$branchObj[1] - >stationName[$i];
echo"<br>"$i.": ".$stationID.", ".$stationName;
4 if(($i>1)&&(Si<Scount)) N\
{
if (($stationName==$%first)||($stationName==%last))
{ EChO" *kkkk Ilnk *****“;
$linkLocation = $i;
$linkStationCount= $betweenStations;
$loopFirst=true;
if ($stationName==%last)
$loopFirst=false;
}
}
- } J
}
return $intermediate;
}

The method begins by noting the names of the first and last stations along the line. As the loop prints each
station name, a watch is kept for the first or last station name appearing &gaieate the Circle link.

Run the web site. Again select a journey on the circle line. Check that the link station is identified in the
station list.

7: 203, Westbourne Park — - -
2- 201 Roval Oak 39: 52, High Street Kensington
0-475. 40: 100, Notting Hill Gate
10: 125, Paddington 41: 211, Bayswater
11- 21{] Edoware Road **=## link *#%== 42: 126 Paddington

(13: 35, Baker Street )‘"“‘“H(@: 209, Edgware Road )
13: 135, Great Portland Street last station in the list

Return to theBranch.phpclass file. Go to the start of tteércleCount( )nethod and add severahriables.

public static function circleCount($fromStation,$toStation)

{
$count=Branch::$branchObj[1] - >pointCount;
$first = Branch::$branchObij[1] - >stationName[1];
$last = Branch::$branchObj[1] - >stationName[$count];
$wanted=0;

$betweenStations=0;
$countingBetween=false;
for ($i=1;$i<=$count;$i++)
{
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The next step is to identify the start and destination stations for a journey on the Circle line, and to count
the number of stations betweethese points. Add the lines of program code to tireleCount( method.

if (stationName==$last)

{
$loopFirst=false;
}
}
}
4 if (($stationName==$fromStation)||($stationName==$toStation) ) I
{

echo" ***** STATION WANTED #*****"
$wanted++;
$wantedLocation[$wanted] = $i;

if (wanted==1)

{
$countingBetween=true;
}
if ($countingBetween==true)
if (strlen($st ationName)>2)
{
$betweenStations++;
echo" [".$betweenStations."]";
}
}
if ($wanted==2)
{
$countingBetween=false;
- } 4

}

return $intermediate;
}

Save theBranch.phpfile and copy it to the swer. Run the web site and select a journey on the Circle line.
Click the 'find route' button. The list of stations is again displayed, but the start and destination are
identified, as shown in the example belowA count is kept of the number of stati® from the start to the
destination, as displayed in square brackets in the screen output.

Shepherd’s Bush Market to High Street Kensington
Calculating for Circle line. .
1: 481, Hammersmith
2: 297, Goldhawk Road
3: 290, Shepherd's Bush Market ***** STATION WANTED ****= [1]
4: 296, Wood Lane [2]
52202, Latimer Road [3]
6- 122, Ladbroke Grove [4] 35- 16, Sloane Square [28]
7: 293, Westbourne Park [3] 36: 55, South Kensington [20]
§: 201 Royal Oak [6] 37 268, Gloucester Road [30]
9475, 38: 484,
10: 125, Paddington [7] 30: 52, High Street Kensington ****= STATION WANTED ***** [31]
11: 210, Edgware Road ***** link ***** [§] 40: 100, Notting Hill Gate
12: 25, Baker Street [9] 41: 211, Ba';.'s'n;ter
42: 126, Paddington
43: 209, Edgware Road
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We now have all the data necesgdor calculatinga shortest journey routen the Circle line The
procedure is illustrated in the flowchalbelow.

For the simple case of the journey starting and finishing on the section of line outside the loop, the number
of intermediate stations has already been calculated. For journeys which occur partly or completely within

the Circle loop, we must findhé journey distances in both the clockwise and -aidckwise map directions
and choose the shortesif these

Depart and
destination both outside Yes
the loop?

No Calculate intermediate stations

l

Depart and
Yes destination both inside the No
loop?

Y

Get intermediate stations

clockwise Separate the journey into
sections inside and outside
the loop
Y
Get intermediate stations Y

anti-clockwise
Get intermediate stations

clockwise

Y

Select smaller number of Y
intermediate stations

Get intermediate stations
anti-clockwise

Y

Select smaller number of
intermediate stations

\

Add intermediate stations for
section outside the loop
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Return to thecircleCount( )nethod. Add lines of program code which wadbat the number ofstations
around theCircleloop, ignoring norstation route points which were added to make the map display more
accurate.

if (Pwanted==2)

{
$countingBetween=false;
}
}
4 $loopStations=0; N\

$countingLoop=false;
if ($loopFirs t==true)
{
$a=1;
$b=$linkLocation;
}

else

$a=$linkLocation;

$b=%count;
}
for ($i=$a;$i<=$b;$i++)
{
$stationName = Branch::$branchObj[1] - >stationNamel[$il;
if (strl en($stationName)>2)
{
$loopStations++;
}
}
\_ echo"<p>Loop station count = ".$loopStations; Y,

return $intermediate;

Save theéBranch.phpfile and copy it to the server. Run the web site and selectimmgy on the Circle line.
Click the 'find route' button. The number of stations around the Circle loop should be found and displayed.
Check that the count is correct.

41: 211, Bayvswater
42: 126, Paddington
43: 209, Edgware Foad

Loop station count = 28

The next stage is to split a selected journey into sections inside and outeidg&rcle loop.This can be
done because we earlier recorded the position of the link station if it occurred between the start and finish
of a journey along the Circle line.

Return to thecircleCount( Jnmethod and add the lines of program code below.
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}
echo"<p>Loop station count = ".$loopStations;
4 $insideLoop=0; )
$outsideLoop=0;
if ($loopFirst==true)
if ($linkStationCount==0)
$outsideLoop=$betweenStations;
else
if ($linkStationCount==$betw eensStations)
$insideLoop=$betweenStations;
else
{
$insideLoop=$linkStationCount+1;
$outsideLoop=$bet weenStations - $linkStationCount;
}
}
if ($loopFirst==false)
if ($linkStationCount==0)
$insideLoop=$betweenStations;
else
if ($linkStationCount==$betweenStations)
$outsideLoop=$betweenStations;
else
{
$outsideLoop=$linkStationCount+1;
$insi deLoop=$betweenStations - $linkStationCount;
}
}
echo"<p>Outside loop = ".$outsideLoop;
\_ echo"<p>Inside loop = ".$insideLoop; )
return $intermediate;
}

Save theéBranchphp file and copy it to the server. Setexjourney on the Circle line which occurs partly
inside and partly outside the Circle loop, such as from Ladbroke Grove to Euston Square.

Paddington Edgware Road Marylebone Great Portland

Street

\Baker
Street

Warwick
Avenue

Royal Oak Regent's Park

0,

O Ladbroke Grove

Westbourne Park

Bond

Warren Street

Euston

Euston
Square

Farringdor

Russell

Goodge
g Square

Street .

Click the 'find route' button and examine the program output. Thwete has beersplit into two sections.
Caunts have been made to the link stationBfigware RoadThe results arénclusive othe end stations of

eachjourneysection. Check that the values are correct.

Ladbroke Grove to Euston Square

Outside loop =3
Inside loop =4
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The final step is to calculate the number of stations for travel in the opposietdinwithin the Circle
loop. The smaller number of intermediate stations can then be seledieg.additional stations for a
section of journey outside the loop can then be added.

echo"<p>Outside loop = ".$outsideLoop;
echo"< p>Inside loop = ".$insideLoop;

4 if ($insideLoop==0) N\

$intermediate=$outsideLoop - 2;

else

{
$intermediatel=$insideLoop - 2;
$intermediate2=($loopStations - $insideLoop);
if ($intermediate1<$i ntermediate?2)

$intermediate=$intermediatel;
else
$intermediate=$intermediate2 -1;
if (SoutsideLoop>=2)
$intermediate=$intermediate +($outsideLoop - 1);

\_ } /

ret urn $intermediate;

Save theBranch.phpfile and copy it to the server. Select a variety of journeys on the Circle line, such as
the journey from Latimer Road to Notting Hill Gate in this example.

Fani\_%)_,_ Paddington Edgware Road Marylebone

laida Vala

Warwick
Avenue

Royal Oak
Q

Westhourne Park
C‘ Ladbroke Grove Bayswater

O Latimer Road Marble Arch
White Shepherd' s Mottin )
City Bush Hil Gate
—C_ —
et Lanc

In each case, check that the numlzgrintermediate stations is displayed correctly in the summary table.
The calculation assumes that a journey joining thel€loop maythen continue in either a clockwise or
anti-clockwise map direction.

Return to theBranch.phpfile. All 'echd lines can now be removed de-activated, so that just the results
table is output. Save theBranch.phpfile and copy it to the server.

Go now to thdfindRoute.phpfile and identify the section of the program where the results table is output.
We will extendthe program to output the total numbers of intermediate stations for journeys involving
one change of underground line. This will be done by callingdghatStations( Jmethod for each separate
leg of the journey, then adding the numbers of intermedistations. One additional station will be added
to the total, to include the station where the traveller changes underground line.
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