EIGHT

Maximums and Minimums

In computer programs it is often necessary to find largest or smallest of a set of

numbers stored in an array. The next program dstrates how this is done:

We are going to write a program which will recote tprices of a number of different
makes of printer, then search for the most and 2gsensive. Begin by setting up a new
subdirectory PRINTER and save a Delphi project itoUse the Object Inspector to

maximize the form, then drag the grid to nearlytlie screen.

Place a string grid component on the form andtsgirbperties:

FixedCols 0
ColCount 2
RowCount 7
DefaultColWidth 100
Options:

goEditing True
ScrollBars None




Add abutton with the captioncheck prices below the string grid, and twaglit boxes
and the labelsriaximum' and minimum', as shown above.

Take the mouse pointer to the top grey row of thegsgrid and move to the right edge
of the first column. A column sizing symbol wifppear:

Hold down the mouse button and drag the first calimbe about twice as wide as the
second column.

The columns of the string grid are going to holkesaof printer and their prices, as in the
example below:

gFOPRQIL ____ EdERl
printer ‘pricc ‘
Multiprint 267.99
Speedjet 456.22
Mitsubishi 122.80
IBM 345X 788.22
Lazercolor 188.94
Oficsjet 30432

The column headings can be set up by a 'FormCreateht handler. Double-click the
dotted form grid to produce the procedure, thenthddines:

procedure TForml. For nCr eat e( Sender: TObj ect);
begi n
stringgridl.cells[0,0]:="printer";
stringgridl.cells[1,0]:='price";
end;

Compile and run the program. Check that you aletaltype information into the string
grid, then return to the Delphi editing screen.
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When figures are entered in tpeice' column, these need to be stored in an array in a
similar way to the exam marks program in the pneviohapter. Begin by setting up the
array in the 'public declarations' section nearttipeof the program:

public
{ Public declarations }
price:array[1..6] of real,
end;

Click on thestring grid component and go to the Object Inspector. FronEthents list
double-click alongsideOnKeyUp'. Add lines to the procedure to transfer valuesnf
column 1 into theorice array:

procedure TFornil. StringGi dlKeyUp(Sender: TObject;
var Key: Word; Shift: TShiftState);
var
y:integer;
begi n
if stringgrid1.col=1 then
begin
y:=stringgridl.row;
if stringgrid1.cells[1,y]=" then
price[y]:=0
else
price[y]:=strtofloat(stringgridl.cells[1,y]);
end;
end,

This procedure begins by checking whether an dmsyjust been made in column 1:
if stringgrid1.col=1 then . . .

If so, the variable y is used to record the row benwhere the entry has taken place:
y:=stringgrid1.row;

If that cell of the string grid is blank, the caspending array element is set to zero:
if stringgridl.cells[1,y]=" then
price[y]:=0

Otherwise, the text in the cell is converted to eximhal number and stored in the
corresponding array box:
else
price[y]:=strtofloat(stringgrid1.cells[1,y]);

This is illustrated in the diagram below.



stringgrid array

I
column O column 1
row Q |printer ‘price | .
row 1 [Multiprint 26799 —» | 267.99] price[i]
row 2 |Speedjet 45622 ————p | 456.22| price[2]
row 3 |Mitsubishi 122.80 — |
row 4 |igm 345x 788.22 \\} 122.80| price[3]
Lazercolor wese B 788500 pricefd]
Officejet 304.82

Compile, and run the program. Enter correct andrigct data in therice column to
check the error trapping, then return to the Dedgliting screen.

The next stage is to write a procedure to checkpifies, select the maximum and
minimum, and display these in the edit boxes belbes string grid. Set up an event
handler procedure for theh'eck prices button and add the lines:

procedure TFornil. Buttonld i ck(Sender: Tnoject);
var
maxprice,minprice:real;
izinteger;
begi n
maxprice:=price[1];
minprice:=price[1];
fori:=2to 6 do
begin
if price[i]>maxprice then
maxprice:=pricel[i];
if price[i]l<minprice then
minprice:=price[i];
end;
editl.text:=floattostrf(maxprice,ffFixed,8,2);
edit2.text:=floattostrf(minprice,ffFixed,8,2);
end,

The way this works is illustrated by the diagramgize next page.
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We begin by assuming that box 1 of fwice array contains the both tineaximum and
the minimum price so far...

max so far: 267.99

267.99 456.22 122.80 788.22 188.94 304.82

price[1] price[2] price[3] price[4] price[5] price[6]

min so far: 267.99

The procedure then uses a loop to move along datie eemaining array boxes in turn,
seeing whether a nemaximum or minimum occurs. Each time a new winner is found,
the results are updated:

max so far: 456.22

267.99 456.22 122.80 788.22 188.94 304.82

price[1] price[2] price[3] price[4] price[5] price[6]

min so far: 267.99

Themaximum is updated at array box 2.

max so far: 456.22

267.99 456.22 122.80 788.22 188.94 304.82

price[1] price[2] price[3] price[4] price[5] price[6]

min so far: 122.80

Theminimum is updated at box 3, and so on...
By the end of the search we know timaximum and minimum prices for the whole
array.
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Compile and run the program. Enter the test dath check that the maximum and
minimum prices are shown correctly when the buisopressed. Try varying the prices
and make sure the program always gives the coresalt. Return to the Delphi editing
screen.

We are now going to tackle a slightly more difficptoblem. As well as showing the
prices of the most expensive and cheapest prineglso want to display the make. Add
two extra edit boxes to the form:

The event handler procedure for the button needsetmodified so that as well as the
maximum and minimum prices, we keep track of phations in the array where these
occur. Refering back to the diagrams, we updatenth&imum position andminimum
position each time a new winner is found during the search:

max so far: 267.99

in position 1
267.99 456.22 122.80 788.22 188.94 304.82
price[1] price[2] price[3] price[4] price[5] price[6]

min so far: 267.99
in position 1

122



max so far: 456.22

in position 2
267.99 456.22 122.80 788.22 188.94 304.82
price[1] price[2] price[3] price[4] price[5] price[6]

min so far: 267.99

in position 1

Themaximum position is updated at array box 2 as well as the maximuece [gself.

max so far: 456.22

in position 2
267.99 456.22 122.80 788.22 188.94 304.82
price[1] price[2] price[3] price[4] price[5] price[6]
min so far: 122.80
in position 3

Theminimum position is updated at box 3, and so on...

By the end of the search we know the position$iefriaximum andminimum prices in
the array, as well as the actual values.

maximum: 788.22

in position 4
267.99 456.22 122.80 788.22 188.94 304.82
price[1] price[2] price[3] price[4] price[5] price[6]
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minimum: 122.80
in position 3




We can then use this information to print the cgponding entries from column O of the
string grid on the screen - this will show the atinames of the printers.

printer price

Multiprint 267.99

Speedjet 456.22

Mitsubishi 122.80 _
— |BM345X ¢——— 78822 4— gqr‘?‘fgcvuzn

Lazercolor 188.94

Officejet

maximum  (7§8.22 IBM 345X

check prices

minimum  (122.80 Mitsubishi

Make changes to the button click event handlergntare as shown below:

procedure TFornil. Buttonld i ck(Sender: Tnoject);
var

maxpri ce, m nprice:real;

i , maxpos,minpos : i nteger;
begi n

maxpri ce: =price[ 1] ;

m nprice: =price[1];

maxpos:=1,
minpos:=1,
for i:=2 to 6 do
begi n
if price[i]>maxprice then
begin
maxprice: =pricel[i];
maxpos:=i;
end;
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if price[i]<m nprice then
begin
m nprice: =pricel[i];
minpos:=i;
end,
end,
editl.text:=floattostrf(maxprice,ffFixed,8,2);
edit2.text:=floattostrf(m nprice,ffFixed, 8, 2);
edit3.text:=stringgridl.cells[0,maxpos];
edit4.text:=stringgridl.cells[0,minpos];
end,

Compile and run the completed program. Enter éise data and check that the names of
the most expensive and cheapest printers are foomectly.

Appliuaﬁnn % Stock market prices

The next program is to show changes in the priaafpany shares on the stock market,
and to identify the companies with the largest oiséall in share value.




Set up a new sub-directory SHARES and save a Dplgect into it. Use the Object
Inspector to maximize the form, and drag the gridearly fill the screen.

Place a string grid component on the form andtsgirbperties:

FixedCols 0
ColCount 4
RowCount 6
DefaultColWidth 100
Options:

goEditing True
ScrollBars None

Add alabel with the captionStock Market' above the string grid, and batton below
with the captioncheck shares Also add two pairs addit boxes and the labelgréatest
rise' and greatest fall, as shown above.

Take the mouse pointer to the top grey row of thegsgrid and move to the right edge
of the first column. A column sizing symbol wifppear:

) lig

Hold down the mouse button and drag the first calumbe about twice as wide as the
others.

The columns of the string grid are going to holenpany names, the old price of their
shares, the new share price, and the change ia galaie, as in the example below:

company old price new price change
Northern Chemicals 2.54 2.12
Next Day Carriers 1.26 1.48
Central Electricity 347 1.22
Trent Water 1.80 1.60
Home Farm Foods 1.68 1.7

The column headings can be set up by a 'FormCreatent handler. Double-click the
dotted form grid to produce the procedure.
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Add the lines:

procedure TForml. For nCr eat e( Sender: TObj ect);

begi n
stringgridl.cells[0,0]:='company’;
stringgridl.cells[1,0]:='old price’;
stringgridl.cells[2,0]:='new price',
stringgridl.cells[3,0]:='change’;

end;

Compile and run the program. Check that you aletaltype information into the string
grid, then return to the Delphi editing screen.

We will need three arrays of real (decimal) numlberstore theld price, new price, and
change in pricefor each of the shares. Set up the arrays ipuhkc declarations
section:

public
{ Public declarations }
old,new,change:array[1..5] of real;
end,

Click on the string grid and press ENTER to bripgtike Object Inspector. Click the
Eventstab, then double-click alongsid@riKeyUp' to produce an event handler. Add the
lines:

procedure TFornil. StringGi dlKeyUp(Sender: TObject;
var Key: Word; Shift: TShiftState);
var
X,y:integer;
begi n
x:=stringgridl.col;
y:=stringgrid1.row;
if x=1 then
begin
if stringgrid1.cells[1,y]=" then
old[y]:=0
else
old[y]:=strtofloat(stringgrid1.cells[1,y]);
end;
if x=2 then
begin
if stringgridl.cells[2,y]=" then
new[y]:=0
else
new[y]:=strtofloat(stringgrid1.cells[2,y]);
end;
end,



This procedure begins by setting x and y to bectii@mn and row numbers where an
entry has been made in the string grid:

x:=stringgridl.col;

y:=stringgridl.row;

column 1 column 2
column T\ \ /
\ \

company old price new price change
Northern Chemicals 2.54 2.12
1.43

Next Day Carriers

Central Electricity 347 o
—__ column 1: x=1

Trent Water 1.80 1.60 row3: y=3
Home Farm Foods 1.68 1.7

If the entry is in column 1 then the text is conedrto a decimal number and put into the
‘old price' array:
if x=1 then
begin
if stringgridl.cells[1,y]=" then
old[y]:=0
else
old[y]:=strtofloat(stringgrid1.cells[1,y]);
end;

If the entry is in column 2 then the text is conedrto a decimal number and put into the
'new price array:
if x=2 then
begin
if stringgridl.cells[2,y]=" then
new[y]:=0
else
new[y]:=strtofloat(stringgrid1.cells[2,y]);
end;

Compile and run the program. Enter correct andriecd data in theld price and new
price columns to check the error trapping, then retarthe Delphi editing screen.
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The next stage is to write a procedure to calcutate changes in price, select the
maximum and minimum change, and display the resultse edit boxes below the string
grid. Set up an event handler procedure fordheck shareSbutton and add the lines:

procedure TFormnil. Buttonld i ck(Sender: Tnject);
var
y,maxpos,minpos:integer;
max,min:real;
begi n
fory:=1to 5do
begin
changely]:=new][y]-old[y];
stringgridl.cells[3,y]:=
floattostrf(change[y],ffFixed,8, 2);
end;
max:=change[1];
min:=change[1];
maxpos:=1,
minpos:=1,
fory:=2to 5do
begin
if change[y]>max then
begin
max:=changely];
maxpos:=y;
end;
if change[y]<min then
begin
min:=changely];
Minpos:=y;
end;
end;
editl.text:=stringgridl.cells[0,maxpos];
edit2.text:=floattostrf(change[maxpos],ffFixed,8, 2);
edit3.text:=stringgrid1.cells[0,minpos];
edit4.text:=floattostrf(change[minpos],ffFixed,8, 2);
end;

This procedure begins with a loop which takes ed¢he shares in turn and calculates the

change in price - this is stored in ttleangearray
fory:=1to 5do

begin v change in price = new price - old pri

changely]:=new[y]-old[y];
stringgridl.cells[3,y]:=floattostrf(change[y]ffFixed,8,2);
end,

The loop then displays the change in share prich@mappropriate line of the string grid.
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The next part of the procedure is very similarhe printer program we completed earlier
in this chapter. We record that the first array bontains the maximum and minimum
changein share values so far:

max:=change[1];
min:=change[1];
maxpos:=1;
minpos:=1;

A loop then checks the other entries in piee changearray. If a new maximum or
minimum is found, the variables are updated:

fory:=2to 5do
begin

{a new maximum has been found}
if change[y]>max then
begin
max:=changely];
maxpos:=y;
end,;

{a new minimum has been found}
if change[y]<min then
begin
min:=changely];
minpos:=y;
end,;
end,

The last step is to display the company name aadgehin price for the maximum and
minimum price variations:

editl.text:=stringgridl.cells[0,maxpos];
edit2.text:=floattostrf(change[maxpos],ffFixed,82);
edit3.text:=stringgrid1.cells[0,minpos];
edit4.text:=floattostrf(change[minpos],ffFixed,82);

Notice that all prices are being displayed with wezimal places to represent pounds and
pence.

Compile and run the program. Check this with &lataest data.
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There is one final problem we should deal with erehmay be no shares which have
increased in price, or no shares which have deetemsprice. These situations require
special screen messages:

company old price new price change
Consolidated Tin Mines  3.47 124 -0.26
International Wines 2.38 2.24 -0.14
Vortex Pharmaceuticals  1.78 1.45 -0.33
Elderado Health Spa 4.22 4.08 -0.14
Meirion-Dwyfor Industries K& 0.68 0.21

NO SHARES INCREASED IN PRICE

greatest fall Vortex Pharmaceuticals -0.33

Add lines near the end of tleheck sharesbutton click procedure to do this:

i f change[y]<m n then

begi n
m n: =change[ y] ;
m npos: =y;
end;
end;
if change[maxpos]>0 then ADD
begin THIS

label2.caption:='greatest rise’;
editl.visible:=true;
edit2.visible:=true;
editl.text:=stringgridl.cells[O, maxpos];
edit2.text:=floattostrf
(change[ maxpos], ff Fi xed, 8, 2);
end
else
begin
label2.caption:='NO SHARES INCREASED IN PRICE;
editl.visible:=false;
edit2.visible:=false;
end;
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if change[minpos]<0 then ADD
begin THIS
label3.caption:='greatest fall’;
edit3.visible:=true;
edit4.visible:=true;
edit3.text:=stringgridl.cells[0, mnpos];
editd.text:=floattostrf
(change[ m npos], f f Fi xed, 8, 2) ;
end
else
begin
label3.caption:='NO SHARES FELL IN PRICE’,
edit3.visible:=false;
edit4.visible:=false;
end,
end;

The sections we have added contain IF.. THEN..EL8&nditional blocks. The first of
these checks whether any change in share priceasey than zero:

if change[maxpos]>0 the# IF there has been an increase in share price}
begin
{ display details of the company shares with m@num price increase}

end

else

begin

{ give a message that no shares have increasegiice}
end;

To display the message about no increase in shiaeevpe use the line:
label3.caption:='"NO SHARES FELL IN PRICE";
to change the label text at the bottom of the sgraed the lines:

edit3.visible:=false;
edit4.visible:=false;

to turn off the edit boxes where the company namd €hare price would have been
displayed.

Compile and test the completed program with a txaoé share prices. Check the cases

where all shares rise in price, and where all shialein price, as well as a combination of
prices rising and falling.
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Block analysis

A very useful technique to show the structure ebmplicated piece of programbock
analysis Boxes are drawn around egatocedure, loop andconditional (if..then..else..)
block in the program. As an example, this is dimneéhe Button Click event handler:

procedure TFornil. Buttonld ick(Sender: TQbject); procedure
var
y, maxpos, m npos: i nt eger;
max, m n: real ;
begi n
for y:=1 to 5 do
begin
change[y]: =new y] -ol d[ y] ;
stringgridl.cells[3,y]:=
floattostrf(change[y], ffFixed,8, 2);

loop

end,
max: =changel[ 1] ;
m n: =change|[ 1] ;

maxpos: =1;
m npos: =1;
for y:=2 to 5 do
begi n 0P
i f change[y]>max then "
begi n conditional
max: =change[ y] ;
maxpos: =y;
end,
i f change[y] <min then conditional
begi n
m n: =change[ y] ;
m npos: =y;
end;
end;

editl. text:=stringgridl.cells[O0, maxpos];

edit2.text: =floattostrf(change[ maxpos], ffFi xed, 8, 2);

edit3.text:=stringgridl.cells[0, mnpos];

edit4d.text: =floattostrf(change[ m npos], ffFi xed, 8, 2);
end,

Notes can then be added to explain the purposedf ef the procedures, loops and
conditionals which you have identified. This typledocumentation would be very useful
for a programmer who needed to modify the prograenlater date.

13z



SUMMARY

In this chapter you have:

set up string grids with multiple columns, and ratecolumn widths

transferred decimal numbers from a string grid tea array

used an algorithm to search an array for the mamiramd minimum value
modified the algorithm to record the positions maaray of the maximum and
minimum values

seen howblock analysiscan show the structure of a program more cleayly, b
identifying the procedures, loops and conditionatks which are present.
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