Nested Records

| ntroduction

In the last section welooked at how we could create record structures that could be
updated within afunction. In this section we will see how complex nested record
structures can be created and manipulated. We'll start with atriangle structure and
then create amuch more complex structure which we'll useto create aslider visual
component.

The TriangleType Data Structure

The Data

FIG-sup016

The TriangleType
Structure - Concept

FIG-sup017

The TriangleType
Structure - Reality
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DarkBASIC Pro alowsusto draw lines or boxes but not much else, so let's assume
we'd like to be able to draw triangles aswell. Although the most efficient approach
might be to create a new statement using C++ and a DLL, this does require us to
know an entirely different programming language aswell asfinding out how to call
DirectX functions. An easier approach would simply beto create arecord structure
to contain all the information we'll need about our triangle and a corresponding set
of operations to manipulate and make use of that data.

A triangle consists of three points (called apexes). Each apex is identified by its
position in space - in this case 2D space. If we areto display our triangle, we might
also want to record the colour to be used when drawing the triangle, so the record
structure we require can be coded as

TYPE Tri angl eType
apexl AS Poi nt Type
apex2 AS Poi nt Type
apex3 AS Poi nt Type
col our AS DWORD

ENDTYPE

Notice that each apex has been defined as a PointType structure, giving us arecord
within arecord. Conceptually our record has the structure shown in FIG-sup016.

apexl  apex2 apex3 colour

I

However, thereality of our structureisalittle different; thefields apexl, apex2 and
apex3 do not actually contain the coordinates of the pointson thetriangle, but rather
the IDs of memory blocks. It is those memory blocks that contain the coordinates
(see FIG-sup017).

X Yy X y X y

apexl apex2 apex3 colour

TriangleType
structure

This symbol
represents the 1D
of a memory block

[ D i
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Since we require TriangleType stuctures to be updated within functions, this itself
must be stored in amemory block!

The Operations

CreateTriangle()

WEe'l need a CreateTriangleType() function to allocate the memory block for a
TriangleType structure. But, since fields within this structure reference PointType
memory blocks, these blockswill also need to be allocated. The codefor theroutine
is:

FUNCTI ON Creat eTri angl eType()
REM *** Determine |D for block ***
I NC nenbl ockl D
REM *** Al | ocate bl ock (16 bytes) ***
MAKE MEMBLOCK nenbl ockl D, 16
REM *** Renenber |D allocated to triangle ***
result = nenbl ockl D
REM *** Create bl ocks for each Pointype i
REM *** and store their IDs within the il
REM *** first 3 fields of the triangle block ***
WRI TE MEMBLOCK WORD resul t, 0, Creat ePoi nt Type()
WRI TE MEMBLOCK WORD resul t, 4, Creat ePoi nt Type()
WRI TE MEMBLOCK WORD resul t, 8, Creat ePoi nt Type()
WRI TE MEMBLOCK WORD resul t, 12, RGB( 255, 255, 255)
REM *** Return |ID allocated to triangle block ***
ENDFUNCTI ON resul t

Noticethat thefunction "usesup” four memory block I1Ds; onefor the TriangleType
block and one for each of the PointType blocks. Since we cannot allocate namesto
areas within amemory block - as we can in arecord structure - we have to assign
values by specifying the position within the block at which avalue isto be stored.

SetApex1()

The usual function for assigning values to the various fields are also required. The
SetApex1() function sets the values of the first apex of the triangle and has the
following code:

FUNCTI ON Set Apex1(tr AS Tri angl eType, X, y)
REM *** Get the ID of the first PointType nmenory block ***
tenp = MEMBLOCK WORD(tr, 0)
REM *** Assign the values ***
Set X(t enp, x)
Set Y(tenp,y)
ENDFUNCTI ON

The parameters are the structure that is to be updated (tr) and the coordinatesto be
assigned to the point (x,y). Note that the assignment makes use of the functions
available within the PointType structure.

SetColour ()

This function assigns a colour value and has the following code:
FUNCTI ON Set Col our (tr AS Triangl eType, cl)

WRI TE MEMBLOCK WORD tr, 12, cl
ENDFUNCTI ON
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GetApex1X()

Each value stored within the structure must be retrievable, so we'll need a Get
function for each one. The code for retrieving the x coordinate of apex1 is:

FUNCTI ON Get Apex1X(tr AS Tri angl eType)
temp = MEMBLOCK WORD(tr, 0)
result = Get X(tenp)

ENDFUNCTI ON resul t

Again, note the use of an existing function defined within PointTypeto retrievethe
value required.

GetColour()

Retrieving the colour value requires the following code:

FUNCTI ON Get Col our (tr AS Tri angl eType)
result = MEMBLOCK WORD(tr, 12)
ENDFUNCTI ON resul t

Activity Sup047

Start a new project named TriangleType.dbpro and create code for each of the
following functions:

CreateTriangleType()

Creates the memory block required by the TriangleType data.
SetApex1(tr ASTriangleType, x,y)

Sets apex1.x to x and apex1l.y toy.
SetApex2(tr AS TriangleType, x,y)

Sets apex2.x to x and apex2.y to y.
SetApex3(tr AS TriangleType, X,y)

Sets apex3.x to x and apex3.y to y.
SetColour (tr ASTriangleType, cl)

Setstr.colour to cl.
GetApex1X(tr ASTriangleType):INTEGER

Returns the value of apex1.x.
GetApex1Y (tr ASTriangleType):INTEGER

Returns the value of apexl.y.
GetApex2X(tr ASTriangleType):INTEGER

Returns the value of apex2.x.
GetApex2Y (tr ASTriangleType):INTEGER

Returns the value of apex2.y.
GetApex3X(tr ASTriangleType):INTEGER

Returns the value of apex3.x.
GetApex3Y (tr ASTriangleType):INTEGER

Returns the value of apex3.y.
GetColour (tr ASTriangleType, cl)

Returns the value of tr.colour.

ShowTriangle()
Not every function within a data structure involves setting and getting and in this

case of our triangle, we'll need a function to actually display the triangle on the
screen. Thisis coded as:
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FUNCTI ON ShowTri angl e(tr AS Tri angl eType)
REM *** Set the colour to be used ***
I NK Get Col our(tr),0
REM *** Retrieve coords of each point ***

x1 = Get Apex1X(tr)
yl = Get Apex1Y(tr)
x2 = Get Apex2X(tr)
y2 = Get Apex2Y(tr)
x3 = CGet Apex3X(tr)
y3 = Get Apex3Y(tr)

REM *** Draw | i nes between each point ***
LINE x1,y1, x2,y2
LI NE x2,y2, x3,y3
LI NE x3,y3, x1,yl
ENDFUNCTI ON

Activity Sup048
Add the ShowTriangle() function to your code.

Modify ShowTriangle() so that it saves and restores the colour setting used
before the triangle is drawn.

Finishing the Code

All we need to do now isincorporate the PointType code and define ameaning for
TriangleType. These are done with the lines:

#1 NCLUDE " Poi nt Type. dba"
#CONSTANT Tri angl eType | NTEGER

Activity Sup049

Add the two new lines and check your code is correct by compiling the code.

It will not be possible to run the code since it contains only functions.

Testing the Data Structure Code

LISTING-Sup015

Testing TriangleType

With the structure now coded we can createaprogram to informally test what we've
written. This will involve creating a TriangleType variable, setting up its apex's
coordinates, the colour, and displaying the triangle on the screen. The codefor this
new programis given in LISTING-Sup015.

#1 NCLUDE " Tri angl eType. dba"
GLOBAL nenbl ockl D

t1l AS Triangl eType

SET DI SPLAY MODE 1280, 1024, 32
tl = CreateTriangl eType()

Set Apex1(t1, 500, 50)

Set Apex2(t1, 300, 300)

Set Apex3(t1, 700, 300)

Set Col our (t 1, RGB( 255, 0, 0))
ShowTri angl e(t 1)

WAI T KEY

END
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Activity Sup050

Create anew project (TestTriangle.dbpro) and enter the code given in

LISTING-SupO15.

Copy the files PointType.dba and TriangleType.dba into the project's folder.

Test the program.
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Creating Slider Controls

| ntroduction

FIG-Sup018

The Slider Component

A dlider control is similar in concept to a scroll bar, with the user able to drag the
thumb across a scaled background (see FIG-Sup018).

aam
Draggable thumb
Slider background

The slider will be constructed from two sprites; one containing the background
image and one the thumb image. The figure above may be how we want our slider
component tolook when it appearson the screen, but we need to storeaconsiderable
chunk of datato make this happen.

The SliderType Data Structure

The Data

FI G-Sup019

Identifying the Data
Required

Since the thumb must move idependently of the scaled background, each will have
to be created as a separate sprite. Since sprites need to be supplied with an image
and positioned on the screen, we'll need to storethefollowing detail sfor each sprite:

> itsID
» itsimage'sID
> its screen coordinates

Since the thumb can be moved only within a limited range along the x-axis, the
limits of its movement must be recorded.

A slider might be used to choose avaluefrom 1to 12 or Oto 100 (or any other range
of values), so the actual range of values must also be stored in our record structure
(see FIG-Sup019)

TYPE Slider Type ) TYPE Sl i der Type
backl nagel D AS | NTEGER backl nagel D AS | NTEGER
thunbl ragel D AS | NTEGER thunbl negel D AS | NTEGER
\}backSpri telD AS I NTECER
thumbSpritel D AS | NTEGER

We need to store the IDs of the slider |Since sprites will be used to display the
background image and the thumb images, we'll also need sprite Ids.
image.
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FIG-Sup019
(continued)
Identifying the Data
Required ;
TYPE Sl i der Type TYPE Slider Type
| backl magel D AS | NTEGER backl magel D AS | NTEGER
t hunbl magel D AS | NTEGER thunbl magel D AS | NTEGER
backSpritel D AS | NTEGER backSpritel D  AS | NTEGER
thunbSpritel D AS | NTEGER thunbSpritel D AS | NTEGER
backCoor ds AS Poi nt Type backCoor ds AS Poi nt Type
t hunbCoor ds AS Poi nt Type ¢/ t humbCoor ds AS Poi nt Type
t humbM nX AS | NTEGER
t humbMax X AS | NTEGER
The screen coordinates of the The minimum x coordinate to which the
|background and of the thumb are also  Jthumb may be moved needs to be
required. Each of these will be recorded; so does the maximum.
PointType fields.
What value
QOes this rgpre_ser;t backSpritel D AS | NTEGER
in the application? /" O thunbSpritel D AS | NTEGER
backCoor ds AS Poi nt Type
O t humbCoor ds AS Poi nt Type
t humbM nX AS | NTEGER
Different applications :ﬁhﬁ\r;gl’\/ﬁzx g : NTTE§S‘/
will require this to represent mBxXVal ue AS | NTEGER
different values ENDTYPE
\When the thumb is dragged to its So we need to record the values
minimum position on the slider, what represented by the minimum and
value does this represent to the maximum thumb positions so this can
application using the slider? be modified for various applications.
From the above figure we have the final definition for our structure:
TYPE Slider Type
Note that the byte offset backl magel D AS | NTEGER . 0
: t hunbl magel D AS | NTEGER 4
of each field has been . .
included as a comment backSpritel D AS | NTEGER 8
thunbSpritel D AS | NTEGER t12
backCoords AS Poi nt Type T 16
t hunbCoords AS Poi nt Type " 20
t humbM nX AS | NTEGER T 24
t humbMaxX AS | NTEGER " 28
m nVal ue AS | NTEGER " 32
nmaxVal ue AS | NTEGER " 36
ENDTYPE
Activity Sup051

Create a new project (Sider Type.dbpro) and enter the code given above.

Of course, wewon't actually usethis codeto create our dataarea; rather wewill use
amemory block just as we did with PointType.
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Activity Sup052

What size of memory block is required for a Sider Type data structure?

The Operations
CreateSlider Type()

Asusual, with astructure stored within amemory block we need a create function
which will alocate a memory block of the required size and also create any
additional memory blocks required by fields within the record:

FUNCTI ON Creat eSl i der Type()
REM *** Determine |ID for nenory block ***
I NC menbl ockl D
REM *** Create the nenory block ***
MAKE MEMBLOCK nenbl ockl D, 44
REM *** Save a copy of the ID ***
result = menbl ockl D
REM *** Create nenory bl ocks required by PointType fields ***
WRI TE MEMBLOCK WORD resul t, 16, Cr eat ePoi nt Type()
WRI TE MEMBLOCK WORD resul t, 20, Creat ePoi nt Type()
ENDFUNCTI ON resul t

The Setter Functions

Next, we need the functions used to set each of thefieldswithin the record structure:

REM *** Setter Operations ***

FUNCTI ON Set Backl magel D(sl i der AS SliderType, backi ngl D)
WRI TE MEMBLOCK WORD sl i der, 0, backi ngl D

ENDFUNCTI ON

FUNCTI ON Set Thurnbl nagel D(sl i der AS Slider Type, thunbi ngl D)
WRI TE MEMBLOCK WORD sl i der, 4, t hurmbi ngl D
ENDFUNCTI ON

FUNCTI ON Set BackSpritel D(slider AS SliderType, backsprlD)
WRI TE MEMBLOCK WORD sl i der, 8, backspr| D
ENDFUNCTI ON

FUNCTI ON Set ThunbSpritel D(slider AS SliderType, thunbsprlD)
WRI TE MEMBLOCK WORD sl i der, 12, t hunbspr| D
ENDFUNCTI ON

FUNCTI ON Set BackCoords(slider AS SliderType, X,Y)
tenp = MEMBLOCK WORD( sl i der, 16)
Set X(t enp, X)
Set Y(tenp,y)

ENDFUNCTI ON

FUNCTI ON Set ThunmbCoor ds(slider AS SliderType, X,Y)
tenp = MEMBLOCK WORD( sl i der, 20)
Set X(t enp, X)
Set Y(tenp,y)

ENDFUNCTI ON

FUNCTI ON Set ThunbM nX(slider AS SliderType, xm n)
WRI TE MEMBLOCK WORD sl i der, 24, xmi n

ENDFUNCTI ON

FUNCTI ON Set ThunmbMaxX( sl i der AS Sli der Type, xnmax)
WRI TE MEMBLOCK WORD sl i der, 28, xmax
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ENDFUNCTI ON

FUNCTI ON Set M nVal ue(slider AS SliderType, m n)
VR TE MEMBLOCK WORD sl ider, 32, nin
ENDFUNCTI ON

FUNCTI ON Set MaxVal ue(slider AS SliderType, nax)
VR TE MEMBLOCK WORD sl i der, 36, max
ENDFUNCTI ON

The Getter Functions

The corresponding getter functions return the values of each field:

REM *** Getter Qperations ***

FUNCTI ON Get Backl magel D(sl i der AS Slider Type)
result = MEMBLOCK WORD( sl i der, 0)

ENDFUNCTI ON resul t

FUNCTI ON Get Thunbl magel D(sl i der AS Slider Type)
result = MEMBLOCK WORD(sl i der, 4)
ENDFUNCTI ON resul t

FUNCTI ON Get BackSpritel D(slider AS SliderType)
result = MEMBLOCK WORD(sl i der, 8)
ENDFUNCTI ON resul t

FUNCTI ON Get ThunbSpritel D(slider AS SliderType)
result = MEMBLOCK WORD( sl i der, 12)
ENDFUNCTI ON resul t

FUNCTI ON Get BackCoor dsX(slider AS SliderType)
tenp = MEMBLOCK WORD( sl i der, 16)
result = Get X(tenp)

ENDFUNCTI ON resul t

FUNCTI ON Get BackCoordsY(slider AS SliderType)
tenp = MEMBLOCK WORD( sl i der, 16)
result = GetY(tenp)

ENDFUNCTI ON resul t

FUNCTI ON Get ThunbCoor dsX(sl i der AS Slider Type)
tenp = MEMBLOCK WORD( sl i der, 20)
result = Get X(tenp)

ENDFUNCTI ON resul t

FUNCTI ON Get ThunbCoor dsY(sli der AS SliderType)
tenp = MEMBLOCK WORD( sl i der, 20)
result = GetY(tenp)

ENDFUNCTI ON resul t

FUNCTI ON Get ThunbM nX(slider AS SliderType)
result = MEMBLOCK WORD( sl i der, 24)
ENDFUNCTI ON resul t

FUNCTI ON Get ThunbMaxX(sl i der AS Slider Type)
result = MEMBLOCK WORD( sl i der, 28)
ENDFUNCTI ON resul t

FUNCTI ON Get M nVal ue(slider AS SliderType)
result = MEMBLOCK WORD( sl i der, 32)
ENDFUNCTI ON resul t

FUNCTI ON Get MaxVal ue(slider AS SliderType)

result = MEMBLOCK WORD( sl i der, 36)
ENDFUNCTI ON resul t
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ShowSlider ()

The Showdider() routine displays the dider on the screen and is coded as:

FUNCTI ON ShowsSl i der (sl ider AS SliderType)
REM *** Get back data ***
backi magel D = Get Backl magel D( sl i der)
backspritel D = GetBackSpritel D(slider)
backx = GetBackCoordsX(slider)
backy = GetBackCoordsY(slider)
REM *** Get thunb data ***
t hunmbl magel D = Get Thunbl magel D( sl i der)
thunmbSpritel D = Get ThunbSpritel D(slider)
t humbx = Get ThunbCoor dsX(sl i der)
t humby = Get ThunbCoordsY(sl i der)
REM *** Dj splay conplete slider ***
SPRI TE backspri tel D, backx, backy, backi magel D
SPRI TE t hunbSpri t el D, t hunbx, t hunby, t hunbi magel D
ENDFUNCTI ON

SpriteOver Thumb()

The SpriteOver Thumb() routine returns the distance between the thumb sprite's
origin and the mouse tip sprite as measured along the x-axis. If the mouse is not
over the thumb or the left mouse button is not being pressed, zero is returned. The
routine is coded as:

FUNCTI ON SpriteOver Thunb(slider AS SliderType, spritelD)
REM *** Get thunb's |ID ***
thunmbSpritel D = Get ThunbSpritel D(slider)
REM *** | F npuse over thunb and | eft nouse button pressed ***
IF SPRITE H T(t hunbSpritel D, spritel D) AND ( MOUSECLI CK()=1)
REM *** Set result to x offset between thunb and nouse***
result = MOUSEX() - SPRITE X(thunbspritelD)
ELSE
REM *** Set result to zero ***
result =0
ENDI F
ENDFUNCTI ON resul t

DragThumb()

The DragThumb() function moves the thumb as it is dragged by the mouse. The
function requires as a paramater the x offset value calculated by the
ForiteOver Thumby() function. The function's codeis:

FUNCTI ON DragThunb(slider AS SliderType, xoffset)
nmouseCoor dX = MOUSEX()
Set ThunmbCoor ds( sl i der, nouseCoor dX- xof f set, Get ThunbCoor dsY(slider))
| F Get ThunmbCoor dsX( sl i der)< Get ThunmbM nX(slider)
Set ThunbCoor ds( slider, GetThunbM nX(slider),
Get ThunmbCoor dsY(slider))
ELSE | F Get ThumbCoor dsX(slider) > Get ThunmbMaxX(sl i der)
Set ThumbCoor ds( slider, GetThunbMaxX(slider),
Get ThunmbCoor dsY(slider))
ENDI F
ENDI F
SPRI TE
Get ThunmbSpritel D(slider), Get ThunbCoor dsX(sl i der), Get ThunbCoor dsY(sl i
der), Get Thunbl magel D( sl i der)
ENDFUNCTI ON
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GetSlider Value()

The GetSiderValue() function returns the value represented by the thumb's
position. This value will lie between minValue and maxValue. The code for the
routineis:

FUNCTI ON Get Sl i der Val ue(slider AS SliderType)
REM *** Cal cul ate thunb's naxi num novenent ***
I ength = Get ThunbMaxX(slider) - Get ThunbM nX(slider)
REM *** Cal cul ate thunb's actual novenent ***
di stance# = Get ThunbCoordsX(slider) - Get ThunbM nX(slider)
REM *** Cal cul ate actual nopvement as a percentage of ***
REM *** possi bl e novenent xxx
fracti on# = distance#/length
REM *** Cal cul ate val ue range size ***
val uegap = Get MaxVal ue(slider)- GetM nVal ue(slider)
REM *** Cal cul ate thunb's val ue ***
result = GetM nVal ue(slider)+ valuegap * fraction#
ENDFUNCTI ON resul t

Activity Sup053

Add the code for the various functions given above to your Sider Type.dbpro
project.

Comment out the TY PE definition since it was only required in order to give
us a simple-to-follow structure for our memory block.

Compile the code to make sure there are no mistakes.

A Slider in Operation

68

Now we need to create a new project to see a slider operate. In thisfirst program
we will simply check out that the thumb can be moved using the mouse and that it
cannot be dragged outside the area defined.

First we need to include the Sider Type and PointType files as well as define the
memblocklD global variable:

#1 NCLUDE " Sl i der Type. dba"
#1 NCLUDE " Poi nt Type. dba"
GLOBAL nenbl ockl D

The program itself will need a Sider Type variable which we'll make global:

GLOBAL slider AS SliderType

Now comes the main logic:

REM *** Main | ogic ***
Set UpScr een()

Loadl nagesUsed()

Set UpSl i der ()

DO

REM *** Mbve npuse pointer sprite ***

SPRI TE 3, MOUSEX() , MOUSEY() , 3

REM *** Cal cul ate its offset fromthe thunb ***
xof f set = MouseOver Thunb(sli der, 3)

REM *** \WHI LE npuse draggi ng thunb DO ***

WH LE MouseOver Thunb(sli der, 3)
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REM *** Nove thumb to nouse position ***
DragThunb(sl i der, xof f set)
REM *** Nove nbuse pointer sprite ***
SPRI TE 3, MOUSEX() , MOUSEY() , 3
ENDWHI LE
LOOP
END

Now we need the code for each function.

SetUpScreen()

FUNCTI ON Set UpScreen()
REM *** Set Up Screen ***
SET DI SPLAY MODE 1280, 1024, 32
COLOR BACKDROP RGB( 255, 255, 255)
SET | MAGE COLORKEY 255, 255, 255
ENDFUNCTI ON

L oadl magesUsed()

FUNCTI ON Loadl magesUsed()
LOAD | MAGE "slideR bnp", 1,1
LOAD | MAGE "t hunb. bnp", 2, 1
LOAD | MAGE "white. bnp", 3,1
ENDFUNCTI ON

SetUpSlider()

FUNCTI ON Set UpSl i der ()
slider = CreateSliderType()
Set Backl magel D( sl i der, 1)
Set Thunbl magel D( sl i der, 2)
Set BackSpritel D(slider, 1)
Set ThunmbSpritel D(slider, 2)
Set BackCoor ds( sl i der, 20, 50)
Set ThunbCoor ds( sl i der, 20, 70)
Set ThunbM nX( sl i der, 20)
Set ThunmbMaxX( sl i der, 200)
Set M nVal ue(sl i der, 0)
Set MaxVal ue( sl i der, 255)
ShowsSl i der (sl i der)
ENDFUNCTI ON

Activity Sup054

Create the test project (TestSider.dbpro) and enter the code given above.
Copy the PointType.dba and Sider Type.dba files into the project folder.
Copy the images used into the project folder.

Test the program and make sure that the thumb can be dragged within the
specified limits.
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