TWELVE

Procedural programming

Delphi programs are divided intprocedures These are sections of the
overall program with specific tasks, such as redpgnto a button being
pressed or a character being typed into an edit bbyou look back for a
moment at the ADD program which we produced in thap, this is made
up of three separate procedures which are listddruthemplementation
heading:

implementation
{$R *.DFM}

procedure TForml.EditlChange(Sender: TObject);
begin
if editl.text="then
A:=0
else
A:=strtoint(editl.text);
end,

procedure TForml.Edit2Change(Sender: TObject);
begin
if edit2.text="then
B:=0
else
B:=strtoint(edit2.text);
end,

procedure TForml.ButtonlClick(Sender: TObject);
begin

C:=A+B;

edit3.text:=inttostr(C);

end;

end.

Notice that each procedure hasbeagin...end pair around the lines of
program which do the processing. There is a sépaad command,
followed by a full stop, for the overall program.

When you carry out a block analysis you should desamouter box around

each procedure, as well as boxes aroundl@myys or conditional blocks
inside the procedures.
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The procedures in the ADD program areelent handlers which respond
to mouse or keyboard input:

] - procedure EditiChange

responds to a character bein
typed into EditBox1

procedure Edit2Change

B
6 ‘\  responds to a character being

typed into EditBox2

procedure Button1Click
responds to Buttonl
being pressed

The event handler procedures are set up autonhatigathe Delphi system
if we double-click components or select from #eents list in the Object
Inspector.

Sometimes, however, it is useful to set up our pvatedures in a program.
The following project demonstates how this is done

™ Application % House heating costs

A two storey house is rectangular in plan, withidtlwof 16 metres
and a length of 18 metres. The ceilings are 2 Basdigh.

The householders wish to keep the ground floor matra constant
temperature of 20°C and the first floor rooms atc@nstant
temperature of 15°C. The average outside temperaturing the
year is 8°C.

It is known that for this particular type of housiee heating cost is 4
pence per cubic metre of room space per year ferye@entigrade
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degree by which the room temperature exceeds thesideu
temperature average.

The householder has the option of installing dowjtdeing and loft
insulation at a cost of £680.00. This will leadat@0% reduction in
heating costs. The householder will go ahead thighinsulation if
there will be sufficient saving to pay for its cegthin 8 years.

Calculate whether the householder should insufednbuse or not.

A computer program is now needed to carry out similar
calculations for a variety of different houses. uYimay assume that
all houses will be two stories high and rectangimaplan. Also
assume that insulating the house will reduce hgatosts by 20%,
and that the average outside temperature will ke 8°

Your program should input the following data:
* width of the house

 length of the house

* height of ceilings

* required downstairs temperature

* required upstairs temperature

» estimated cost of insulation

As before, the heating cost will be 4 pence peticcatetre of room
space per year for every Centigrade degree by wthiehroom
temperature exceeds the outside temperature average

The program should output:

» the annual heating costs

 the saving on heating bills over 8 years with iasah

e a message to indicate whether or not insulationldhoe
installed.

This is going to be quite a complex calculationguean, so let's try to break
the problem down into stages:

1. Input the house size, required temperaturesirsathtion cost.

2. Calculate the heating costs per year for thesufated house.

3. Calculate the saving over 8 years if insulaisinstalled.

4. Decide whether or not to install insulation.

We will begin by setting up a program to carry the inputs for step 1:
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Set up a directory HEATING and save a Delphi priojeto it. Maximize
theForm, and drag the dotted grid to nearly fill the soaree
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Place armage Boxon the form and load the bitmap file HEATCOST.BMP.
Put sixEdit Boxesalongside or below the labels on the diagram; theéke
be used for entering thiength (m), width (m), ceiling height (m),
downstairs temperature (C) upstairs temperature (C), andinsulation
cost (£)

Add a List Box at the bottom of the Form which will be used later
displaying the results of the calculations. Congpldte form by adding a
button with the captiorcalculate.

Go to thePublic declarationssection and list the variables which will be
needed to store the input values:

public
{ Public declarations }
length,width,height:real,
downtemp,uptemp:integer;
insulation:real;
end;

214



Double-click the 'length' Edit Box to create anmvbhandler and add the
lines:

procedure TForml1.Editl1Change(Sender: TObject);

begin
if editl.text="then
length:=0
else
length:=strtofloat(edit1.text);
end,;

Produce similar event handlers for thvth' and height' Edit Boxes which
also input decimal numbers.

Double-click the Downstairs temperaturé edit box and add the lines to
input an integer value:

procedure TForml1.Edit4Change(Sender: TObject);
begin
if edit4.text="then
downtemp:=0
else
downtemp:=strtoint(edit4.text);
end;

The 'Upstairs temperature' Edit Box will requiresianilar integer input
procedure.

Complete the input event handlers with the procedairaccept a decimal
number for 'Insulation cost'":

procedure TForml1.Edit6Change(Sender: TObject);
begin
if edit6.text="then
insulation:=0
else
insulation:=strtofloat(edit6.text);
end,;

Compile and run the program. Check that the teatpes input boxes are
correctly error trapped to accept whole numbersl @nat the other four
input boxes are error trapped for decimal numbdReturn to the Delphi
editing screen.

We can now consider how to carry out steps 2, 34md the program

which we listed on page 197. These should occuenwihe calculate
button is pressed.
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It would be possible to put all the lines of pragréor steps 2, 3 and 4 into
the event handler for thealculate button, but this would become long and
complicated - increasing the chances of makingssake. Instead, we will
create three new procedures: YEARCOST, SAVING arfiC3ION.
These will need to be called from inside the eVvemtdler for the button.

Double-click the ‘calculate’ button and add thedin

procedure TForm1.Button1Click(Sender: TObject);
begin

yearcost;

saving;

decision;
end;

Go now to thetype' section near the top of the program and findpibiet
where the other procedures are listed. Add owethew ones to the list:

procedure EditsChange(Sender: TObject);

procedure Edit6Change(Sender: TObject);

procedure Button1Click(Sender: TObject);
procedure yearcost;

procedure saving;

procedure decision;

private
{ Private declarations }

Now move down to the bottom of the program and #ux procedure
blocks. At the moment they do not contain lines mbgram to carry out
any processing - just comments to indicate theippse:

procedure TForml1.Button1Click(Sender: TObject);
begin
yearcost;
saving;
decision;
end,
procedure TForml.yearcost; #‘SI[;
begin
{calculate annual heating cost}
end,
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procedure TForml.saving; ADD

begin THIS
{calculate saving in 8 years with insulation}

end;

procedure TForml.decision;
begin

{decide if insulation should be installed}
end;

end.

As in the case of the event handler proceduresiggd\by Delphi, we must
write TForm1.' before the names of our own procedures to shaivttiey
belong to Form1 of the project.

We can now begin work on the first of the proceduyearcost’ which will
calculate and display the annual heating costthfmhouse.

I height
. @ downtemp
lenath

We need to calculate the volume of air heated fmwhestorey of the house.
This can be found with the formula:

volume = length * width * height
The heating cost for the ground floor of the howsk depend on the

difference between the required temperatdavhtemp' and the outside
temperature which averages 8°C.
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The annual downstairs heating cost is given bydhaula:
downstairs cost = volume * (downtemp - 8) * 0.04

The factor 0.04 is the heating cost of 4 pence.(£0.04 ) for each cubic
metre of air space, for each °C hotter than theid@taverage temperature.

A similar formula gives the annual upstairs heatiogt:
upstairs cost = volume * (uptemp - 8) * 0.04

and the total annual heating cost for the houdéeuil
annual cost = upstairs cost + downstairs cost

Let's now put these formulae into tlyearcost' procedure. Add the lines:

procedure TForml.yearcost;

var
volume,upcost,downcost:real;

begin
{calculate annual heating cost}
volume:=length*width*height;
downcost:=volume*(downtemp-8)*0.04;
upcost:=volume*(uptemp-8)*0.04;
yeartotal:=downcost+upcost;

end,

Add the variable yeartotal' to the list under thePublic declarations
heading:

public
{ Public declarations }
length,width,height:real,
downtemp,uptemp:integer;
insulation, yeartotal  real,
end;

Other procedures will need to use tlgeartotal' result, so it must be
publicly available to them. The variable®lume,'upcost and downcost
are used only in the yearcost procedure, so tlsen® ineed to make them
public.

Now that we have calculated the annual heating wesiust display it on
the screen:
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Annual heating costs: £547.20

calculate

Add lines to theyearcost procedure to clear the List Box then display the
annual heating cost:

procedure TForml.yearcost;

var
volume,upcost,downcost:real;
textline:string;

begin
{calculate annual heating cost}
volume:=length*width*height;
downcost:=volume*(downtemp-8)*0.04;
upcost:=volume*(uptemp-8)*0.04;
yeartotal:=downcost+upcost;
listbox1.clear;
textline:='"Annual heating costs: £' +

floattostrf(yeartotal,ffFixed,8,2);

listbox1.items.add(textline);

end,;

Compile and run the program using the example digugiven in the

guestion. Press thealculaté button to check that the yearly heating cost is
calculated correctly, then return to the Delphtiadiscreen.
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The next procedure to work on wsaving, which should calculate the
amount saved over an eight year period if insutaiganstalled. This will be
given by the formula:

8 year saving = annual heating cost * 8 20%

Add lines to the 'saving' procedure to calculat display this result:

procedure TForml.saving;

var
textline:string;

begin
{calculate saving in 8 years with insulation}
saved:=yeartotal*8*0.2;

textline:='Amount saved in 8 years with insulatio n: £
+ floattostrf(saved,ffFixed, 8,2),
listbox1.items.add(textline);
end;

The variablesaved should be added to the list pdiblic declarations
{ Public declarations }

insulation,yeartotal, saved :real;

Compile and run the program. Use the test datehézk that the amount
saved is displayed correctly, then return to thiplediting screen.

m ge /r(

tai 15
outside ::leprrslpa;Zture
temperature ff/ height

downstai
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{dth /
- length

Annual heating costs: £547.20
Amount saved in 8 years with insulation: £875.52 e

z
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The final stage in the program is to decide whettvemot it would be
economic to instal insulation. This is done in greceduredecidé. Add
the lines of program:

procedure TForml.decision;
begin
{decide if insulation should be installed}
if saved>insulation then
listbox1.items.add
(It would be worth installing insulation")
else
listbox1.items.add
(It would NOT be worth installing insulati on');
end,;

The procedure compares the amount which would vedsaver the 8 year
period with the cost of the insulation, and displaglvice according to which
is the larger figure.

Compile and run the completed program. Enter ésedata and check that
correct advice is given, then try the program fdneo sizes of house,
temperatures, and insulation costs. It should bst worthwhile insulating
the house if the occupants want to keep the rooeng warm, or if the
insulation is cheap to install:

e, - | 2319 & |2 ML-I5 1]

insulation

cost 680

Ego

upstairs E
outside temperature
temperature _,__-——""’_J I .
height
downstairs
\ mtemperature E
width
s [T

Annual heating costs: £547.20
Amount saved in 8 years with insulation: £875.52
It would be worth installing insulation :

! calculate
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For our next project we will develop another sirtiola program. This will
require some complicated programming, and is beskem down into a
series of procedures as we did with the housergeatists program:

N Application % Rabbit population model

A population of rabbits lives in burrows in a warreThe

characteristics of this population are as follows:

» The rabbits form pairs and breed, each pair proguailitter each
month throughout the year.

* Newborn rabbits are equally likely to be of eitbex.

* A rabbit is able to start breeding so that it proghiits first litter
at the age of three months.

Some foxes live in a wood nearby and eat the rabbithe rabbit
population is also affected by seasonal factors.

A zoologist wishes to simulate the fluctuations time rabbit

population using a computer. The simulation iséobased on the

following assumptions:

* The size of litters is in accordance with thesebphilities

size probability

0.1

0.2

0.4

0.2

0.1

* By the end of each month half of the rabbits aterehy the foxes
and a further one eighth of the rabbits also dienfother causes.

* In each of the four winter months, a further eigbttithe rabbits
die of starvation.

* Any rabbit in the population is equally likely teelone of the
casualties.

wWhoro N

The zoologist wishes to investigate the effectsarfing the size of
the initial rabbit population, and varying the pertage of rabbits
eaten by foxes if the amount of fox hunting in #inea changes.

222



Begin the program by setting up a directory RABBIdi®] saving a Delphi
project into it. Use the Object Inspector to Maxienthe form, and drag the
dotted grid to nearly fill the screen.

Before running the simulation it will be necessaoy specify the initial
population of rabbits (a suitable range is betw&6nand 200), and the
percentage of rabbits eaten each month by foxes.

Set up the screen display as shown. Place twd EadidlBoxesat the top of
the form withlabels alongside - give these the captiongtial population
(10-200) and % eaten by foxes each month

Add two buttons with the captionsih model' and éxit', and aList Boxin
the middle of the form for text output.

Double-click the 'exit' button to create an eveaidier:

procedure TForml1.Button2Click(Sender: TObject);
begin

halt;
end;
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The initial population of adult rabbits can be stbras the variabladult’,
and the percentage eaten by foxes as the vargditi: Add these to the
Public declarationsection:

public
{ Public declarations }
adult,eaten:integer;
end;

The next step is to transfer the input value fromEdit Boxto the variable
‘adult’. Double-click the Edit Box to produce an eveahdiler and add the
lines:

procedure TForml1.Editl1Change(Sender: TObject);

begin
if editl.text="then
adult:=0
else
adult:=strtoint(edit1.text);
end;

Produce a similar event handler for tte€aten edit box:

procedure TForml1.Edit2Change(Sender: TObject);
begin
if edit2.text="then
eaten:=0
else
eaten:=strtoint(edit2.text);
end;

We can now turn our attention to the calculatiamnshiow changes in rabbit
population over a period of time - five years wobhél suitable. A flowchart
for the model is given on the next page. Duringheanonth of the

simulation the stages in the calculation are:

Calculate the number of newborn rabbits thistimon

Subtract the rabbits killed by foxes

Subtract the rabbits dying from other causes

IF it is a winter month THEN subtract the rablalying from starvation
Increase the ages of rabbits by 1 month

ogkrwnhPE

Each of these steps can be written as a sepamtedure, called from the

event handler for theun model' button. We will discuss the processing
carried out by each of the procedures in detask)diut first we must set up

the event handler.
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no another

month?

increase ages by 1 month,
and add 3 month old
rabbits to the adult tot
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Double-click therun model button and add the lines:

procedure TForml1.Button1Click(Sender: TObject);
var
month:integer;
begin
initialise;
for month:=1 to 60 do
begin
births;
foxdeaths;
otherdeaths;
if (month mod 12) <=3 then
winterdeaths;
older,;
end;
end,

This event handler will respond to thern model' button by:

carrying out a procedurénitialise’ to set all variables to the correct
values before the simulation starts

operating a loop which repeats 60 times for eachtimof a five year
simulation period

carrying out a procedurdirths' to calculate the number of newborn
rabbits in the current month

carrying out a proceduréokdeaths to subtract the number of rabbits
eaten by foxes in the current month

carrying out a proceduretherdeaths to subtract the number of rabbits
dying from other causes in the current month

checking whether it is a winter month - if so, itlwarry out a procedure
‘winterdeaths to subtract the number of rabbits dying from\a#ion.
carrying out a procedurelder' to increase the age of all baby rabbits by
one month - it is necessary to know when rabbigshean age of three
months because they then join the breeding populati

Let us examine in detail the line which checks Whbeft is a winter month:

if (month mod 12) <=3 then
winterdeaths;

The MOD function gives the remainder when divisitakes place, for
example:

24 mod5=4

because there is a remainder of 4 when 24 is dioges. Similarly:

30mod5=0

since there is no remainder in this case. 5 dsvedectly into 30.
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We will take the four winter months when the rablaite most at risk from
starvation to beJanuary, February, March and December

* In the first year of the simulation, these willtbenths 1, 2, 3 and 12
* Inthe second year they will be months 13, 14,ridb 24
* In the third year they will be months 25, 26, 2d 86

and so on...

Notice that all these numbers give a remainder of &ss when divided by
12. For all other months, the remainder is grediban 3. This useful
observation allows us to use the formula:

(month mod Y12=3
to detect if a particular month number representinger month.

Go to thetype section at the top of the program and add ourgaores to
the list:

procedure Button2Click(Sender: TObject);

procedure Editl1Change(Sender: TObject);

procedure Edit2Change(Sender: TObject);

procedure Button1Click(Sender: TObject);
procedure initialise;

procedure births;

procedure foxdeaths;

procedure otherdeaths;

procedure winterdeaths;

procedure older;

private
{ Private declarations }

We can now set up the procedure blocks. It isfllelp include comment
lines to indicate the purpose of each procedund.th® procedure blocks at
the end of the program, just above the fieatl" line:

procedure TForml.initialise;
begin

{set the variables before simulation starts}
end,

procedure TForm1l.births;

begin
{calculate newborn rabbits in the current
month}

end,
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procedure TForml.foxdeaths;

begin
{subtract rabbits eaten by foxes in the
current month}

end,

procedure TForml.otherdeaths;

begin
{subtract rabbits dying from other causes in
current month}

end,

procedure TForml.winterdeaths;

begin
{subtract rabbits dying from starvation in
a winter month}

end,

procedure TForml.older;

begin
{increase the age of baby rabbits by one
month}

end,

end.

We can now start work on the individual procedur&ke first to consider is
initialise’.

At the start of the program the user will input thigial number of adult
rabbits. It will also be necessary to record thmbers ohewborn rabbits,

1 month old and2 month old rabbits which are not yet part of the breeding
population. Add lines to thanitialise' procedure to set these to zero before
the simulation begins:

procedure TForml.initialise;
begin
{set the variables before simulation starts}
newborn:=0;
month1:=0;
month2:=0;
end;

Add these variables to tliublic declarations

public
{ Public declarations }
adult ,newborn,month1,month2 linteger;

eaten:integer,;
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The next procedure ibitths'. This should begin by finding the number of
breeding females - we can take this to be halhtimaber of adults, rounded
to the nearest whole rabbit!

For each female, we need to find the number of bablyits born that month
according to the probabilities given in the questicA random numbeand
number linetechnique similar to the electricity simulatiomeegain be used:

size of litter
7 6 5 4 3
| | | | |
\ \ | | |
0 10 30 70 09 100
<+—» ¢ > < > < > 4>
0.1 0.2 .40 0.2 0.1

A number line from 0 to 100 is divided up in propon to the probabilities

of the different size of litter. A random numbarthe range 0-100 is then
generated by the computer, and the position omtineber line determines
the litter size. For example, a random number&dgives a litter of 4 baby
rabbits:

size of litter
7 6 5 3

| | | |

4
|

| \ | | |

10 30 70 A 09 100

Add lines to thebirths' procedure to calculate the number of newborn
rabbits:

procedure TForm1l.births;
var
breeding,i,n:integer;
begin
{calculate newborn rabbits in the current
month}
breeding:=round(adult/2);
randomize;
for i:=1 to breeding do
begin
n:=random(100);
if n<10 then
newborn:=newborn+7;
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if (h>=10) and (n<30) then

newborn:=newborn+6;

if (n>=30) and (n<70) then
newborn:=newborn+5;

if (n>=70) and (n<90) then
newborn:=newborn+4;

if n>=90 then
newborn:=newborn+3;

end;
end;

Let's look at how this works...

We calculate the number of breeding females aghmlhdult population.
breeding:=round(adult/2);

We then begin a loop which will repeat for eaclhef breeding females:
for i:=1 to breeding do

To find the litter size for the first female, a dam number is produced:
n:=random(100);

If the random number is less than 10, this repitesztitter of 7 baby rabbits
as shown on the number line above. This numbaddaed to the total of
baby rabbits born so far this month:
if n<10 then
newborn:=newborn+7;

Similar lines of program handle the other numbelges. For example, a
random number between 10 and 30 would indicatites 6f 6 baby rabbits:
if (n>=10) and (n<30) then
newborn:=newborn+6;

The next procedure ifokdeaths. This will reduce the numbers of rabbits in
each age category according to the percentage estéoxes. Add the
lines:

procedure TForml.foxdeaths;

begin
{subtract rabbits eaten by foxes in the current
month}
adult:=adult-round(adult*eaten/100);
month2:=month2-round(month2*eaten/100);
monthl:=monthl-round(monthl*eaten/100);
newborn:=newborn-round(newborn*eaten/100);

end,
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The btherdeaths procedure will be similar, but in this case thenber of
rabbits in each age category is reduced by onéheighdd the lines:

procedure TForml.otherdeaths;
begin
{subtract rabbits dying from other causes in
current month}
adult:=adult-round(adult/8);
month2:=month2-round(month2/8);
month1l:=monthl-round(month1/8);
newborn:=newborn-round(newborn/8);
end,

The Winterdeaths procedure again reduces the number of rabbitsaan
age category by one eightrEdit/Copy/Paste could be used to copy the
lines from 'otherdeaths' into the ‘winterdeathstpdure:

procedure TForml.winterdeaths;

begin
{subtract rabbits dying from starvation in
a winter month}
adult:=adult-round(adult/8);
month2:=month2-round(month2/8);
month1l:=monthl-round(month1/8);
newborn:=newborn-round(newborn/8);

end,

The fial stage is to write the 'older' procedureciwipromotes each group of
rabbits to the next age category:

* 2 month old rabbits join the adult breeding popatat

* 1 month old rabbits become 2 months old

» newborn rabbits become 1 month old.

Add the lines of program to do this:

procedure TForml.older;
begin
{increase the age of baby rabbits by one month}
adult:=adult+month2;
month2:=month1;
monthl:=newborn;
end;

The processing procedures for the simulation ave campleted, but there
will not yet be any screen output when the prograns. We can add lines
to the 'run model' button click procedure to wateamments in the List Box
in a similar way to the House heating costs program
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Add lines to the 'run model' button click procedure

procedure TForm1.Button1Click(Sender: TObject);
var
month total :integer;
textline:string;
begin
initialise;
listbox1.clear;
adult:=strtoint(edit1.text);
for month:=1 to 60 do
begin
births;
foxdeaths;
otherdeaths;
if (month mod 12) <=3 then
winterdeaths;
textline:='"Month '+inttostr(month);
listbox1.items.add(textline);
total:=adult+month2+monthl+newborn;
if total<O then

month:=60

else

begin
textline:="Total population: ' +

inttostr(total);

listbox1.items.add(textline);

end;

listbox1.items.add(" *);

older,;

end;
end,

The purpose of the lines:

listbox1.clear;
adult:=strtoint(edit1.text);

is to blank out the List Box and ensure that aexdrstarting value for 'adult'
is obtained from the Edit Box. These lines arededdf the simulation is run
more than once.

The number of the current month is displayed byinkuctions:

textline:="Month '+inttostr(month);
listbox1.items.add(textline);
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The total number of rabbits is found by addingdltiferent age groups:
total:=adult+month2+monthl+newborn;

It is possible that the population will grow sodarthat the total cannot be
displayed correctly as an integer value - the mtegpes out of range and
takes on an incorrect negative value. The purpbskee next IF.. condition
is to stop the simulation if this happens:

if total<O then
month:=60

else

begin
textline:='Total population: ' + inttostr(total);
listbox1.items.add(textline);

end,;

By setting the loop countémonth' to 60, the computer will think that all
60 months of the simulation have been completedlamtbop will end.

If the population total has stayed in range, theevavill be displayed in the
List Box.

The time has now come to compile and try out theulsition. Run the
program with an initial population of00 adult rabbits, and set the
percentage eaten by foxes5@%. Press the 'run model' button:

gFom? . p@ERiPlld EER
Initial population [10-200) % eaten by foxes each month ‘50 | | ......... runmudell i ‘
Month 22 -

Total population: 13

Month 23
Total population: 12

Month 24
Total population: 10

Month 25
Total population: 9

Month 26
Total population: 9

Month 27
Total population: 8

Month 28
Total population; 8 -
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In this run of the model the population decreasedpming stable in month
27 with only 8 rabbits surviving.

Run the model again with the same starting popmradf 100 adults, but this
time set the percentage eaterd@%%:
WIEIL@II IID%

Initial population [10-200 % eaten by foxes each month |40
pop Y

Total population: 1453 +

Month 33
Total population: 2718

Month 34
Total population: 4159

Month 35
Total population: 8130

Month 36
Total population: 14577

Month 37
Total population: 23627

Month 38

This time the population increased, reaching 0&0@0 by month 37 when
the total went out of range and the loop stopped.

Keep the starting population at 100 and vary thregeage eaten by foxes
until you find a % value which keeps the populateastable and close to
100 as possible.

Although the model is giving correct results, thase difficult to interpret in
text form - as in the case of the electricity sitoin, a graph would be
better.

Exit from the program and go back to the Delphtiediscreen. Delete the
List Box from the Form and replace it with &mage Box Use the Object
Inspector to set the/idth to 640 and théleight to 480.

Return to the program listing and delete all lifresn the fun model' button
click procedure which beginlistboxl1. . . -the listbox has been deleted, so
these would cause an error.

NOTE: An easy way to do this is to use tRend option on theSearch
menu at the top of the Delphi editing screen.
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Add two new proceduresaxes which will plot the axes for a linegraph, and
‘plotpoint’ which will draw the graph line. After deletinge instructions
which are no longer needed, thein' model button click procedure
becomes:

procedure TForm1.Button1Click(Sender: TObject);
var
month,total:integer;
begin
initialise;
axes;
adult:=strtoint(edit1.text);
for month:=1 to 60 do
begin
births;
foxdeaths;
otherdeaths;
if (month mod 12) <=3 then
winterdeaths;
total:=adult+month2+monthl+newborn;
if total<O then
month:=60
else
plotpoint(month,total);
older;
end;
end,;

Add the new procedures to the list under the tygmdimg at the top of the
program:

procedure winterdeaths;
procedure older;
procedure axes;
procedure plotpoint(month,total:integer);

Notice that the heading for the procedure haswevariables 'month’ and
'total' shown in brackets:

procedure TForml.plotpoint(month,total:integer);

This is done whenever a procedure needs to makefugariables from
elsewhere in the program which hamet been listed under thBublic

declarations heading. The variables shown in a procedure hgadne

known asinput parameters This topic will be discussed in detail in aelat
chapter of the course.
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Put in the procedure blocks:

procedure TForml.axes;
begin

{draw the graph axes}
end,

procedure TForml.plotpoint(month,total:integer);

begin
{plot a point for the graph line}
end;
end.
0 640
100 {a 6007

300 screen units = 600 rabbits

1 screen unit = 2 rabbits

8 screen units = 1 month

400 (¥ 0
480 screen units = 60 montt

480

100 580

We will scale the graph so that the 60 months efdimulation are shown
along the horizontal axis, and the vertical axigegia range from 0 - 600
rabbits. Thescale factorswill be: 1 screen unit vertically = 2 rabbits, ad
screen units horizontally = 1 month.

Add the lines of program to draw the axes and addytaduations:
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procedure TForml.axes;
var
X,y:integer;
textline:string;
begin
{draw the graph axes}
imagel.canvas.brush.color:=clWhite;
imagel.canvas.rectangle(0,0,640,480);
imagel.canvas.moveto(100,100);
imagel.canvas.lineto(100,400);
imagel.canvas.lineto(580,400);
for y:=0to 6 do
begin
imagel.canvas.moveto(100,400-y*50);
imagel.canvas.lineto(90,400-y*50);
textline:=inttostr(y*100);
imagel.canvas.textout(50,393-y*50,textline);
end;
imagel.canvas.textout(30,60, population’);
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for x:=0 to 30 do
begin
imagel.canvas.moveto(100+x*16,400);
imagel.canvas.lineto(100+x*16,410);
if x mod 5 = 0 then
begin
textline:=inttostr(x*2);
imagel.canvas.textout(92+x*16,412 textline);
end;
end;
imagel.canvas.textout(320,440,'month’);
end;

The loop beginning:
fory:=0to 6 do
draws graduation lines on the vertical axis andbemsnithese 0, 100, 200 ...

The loop counter variablg which runs from 0 to 6 is multiplied by 100 to
produce the figures O - 600 for the graduations:

textline:=inttostr(y*100);
imagel.canvas.textout(50,393-y*50,texi#);

The second loop beginning:
for x:=0 to 30 do

puts graduation lines along the horizontal axi® atonth intervals. We use
a MOD function:

if xmod 5 = 0 then
begin
textline:=inttostr(x*2);
imagel.canvas.textout(92+x*16,412,textlipe
end;

to control the numbers which are displayed. The. I[Eondition only
operates if the loop counter divides exactly by 5. That ® the cases
when:

x=0, 5, 10, 15, etc.

These figures are multiplied by 2 then written e screen as the month
numbers 0, 10, 20, 30 ....

We now only need to finish th@lotpoint' procedure. Add the lines of
program:
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procedure TForm1l.plotpoint(month,total:integer);
begin
{plot a point for the graph line}
if month=1 then
imagel.canvas.moveto(100+month*8,
400-round(total/2))
else
imagel.canvas.lineto(100+month*8,
400-round(total/2));
end;

The procedure contains an IF.. ELSE.. conditibfagk:
if month=1 then
imagel.canvas.moveto(100+month*8,
400-round(total/2))
else
imagel.canvas.lineto(100+month*8,
400-round(total/2));

For month 1, the computer needs to move to the starting ditthe graph
without drawing a line. For each of the other rhgra line is drawn to the
current graph point.
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Compile and run the program. Ent&0 as the initial population, antll%
eaten by foxes. Press the 'run model button agi@dph similar to the one
below should be drawn:

The graph line is generally rising, indicating agaerm increase in the rabbit
population. The 'saw tooth' pattern is due toitlseeased death rate in the
winter months which temporarily reduces the popotat

Now try 48% eaten by foxes:
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The pattern changes. The population now showslkndé¢o a low number
of rabbits surviving.

Experiment with different percentages eaten to &incalue which keeps the
population as stable and close to 100 as possible.

Now try varying the initial population in the rang® - 200 rabbits. Does
this affect the percentage eaten by foxes forlalesfaopulation?
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