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Tutorial 1

Now we’ve got the working Tao DLLs installed on auachine, it’s time to start coding.
First, we're going to create a simple program mgkise of the Tao framework, something
we can build on as we develop our 3D and Physigéen

This tutorial will cover the basics of OO designt bot through any upfront design! Rather,
we’ll arrive at an OO solution by creating our apgtion without any objects, like typical C
OpenGL tutorial code, and gradually refactor ibeomore object-oriented. This may seem to
be a bit of a backward way around to do things,| Iboink a good way to get your head
around OO programming is through refactoring exgstode. This is because it's easier to
produce a good OO design through refactoring, ralien the method taught in OO classes
(identify all nouns in the system upfront, as cdatk classes) and this skill is definitely a
useful one to add to your toolkit.

We’'re going to be using GLFW as our applicatiomfeavork — this handles window creation
and user events for us (if you look at one of tle¢ill examples which make use of the Tao
Form control;Tao.Platform.Windows.SimpleOpenGIControl , in the Tao examples folder
you'll see that there is a lot of hideous-lookingpelow management code). | was originally
using GLUT, but all the Tao builds | obtained sindater 2004 refuse to work with
FreeGLUT. We won’t worry too much about which apation/GL framework we use
(GLFW, Glut (if we get it working) or the Tao Uses@trol) as eventually all of our code
should be structured so that it will be fairly taivto easily switch between application
frameworks.

Creating the Solution

Create a new folder called Tutorials somewhereaaur gomputer. Create a new console
application calledraumuon.Jabuka.Application in a folder calledrutoriall in the tutorial
folder created above. To do this with Visual Stu2®5 Express, either selééew Project
from theFile menu, else from the Start Page se&®ate: Project.

New Project 1'5'
e o
Templates: oo ol

¥isual Studio installed templates

7 F ™ @3 & F

indows Class Library Console Empty Project  Screen Sawver Movie
application application Starter kit Collecti. ..

My Templates

Seatch Online
Templates. ..

A project For creating a command-line application

Tarne: Taumuon. Jabuka, Application|
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SelectFile | Save Taumuon.Jabuka.Application.sIn As, name the project
Taumuon.Jabuka.Application and the solution aBaumuon.Jabuka, click theBrowse
button and navigate to yo@iutoriall folder, and save the project.

Save Project e |
ame: I Taurnuon, Jabuka, Application
Location: I Cih\Tukorialsh Tukoriall j Browse. .. |
Solution Mame: I Taumuon, Jabuka v Create directory For solution
Save I Cancel |

You can run the program if you'd like — sel®sbug | Start Without Debugging or press
Ctrl-F5 to get a very unexciting console window appear.

Remove the referencessgstem.Data andSystem.Xml from the Solution Exporer (open the
References tree, right click on the references alaod seledRemove).

Remove the using statements apart fronstsem namespace from the top of the
program.cs file:

using System.Collections.Generic;
using System.Text;

We'll try and keep things uncluttered as much assitide, as there’s a small chance that
unused statements would mislead people maintathimgode. We'll add in references and
using Statements as and when we need them.

Change the namespaceTtmmuon.Jabuka.Application . Namespaces generally take the
form Company.Project.<specific> and the assembly name is given the same name as th
namespace.

Project settings

| know that you're itching to get coding, but wethhange a couple of the project settings now
to make our life easier as we go on.

The first thing we will change is for all compilemarnings to be treated as errors. This is
because the compiler is very good at checkingwieate not doing anything stupid, and we
should make sure that we listen. Right click onghgject to open up its properties, dBwild
tab seflreat Warnings as Errors to All.

Now, in theBuild tab, check the XML documentation file: checkbaxq @nter
Taumuon.Jabuka.Application.xml as the output file. This will prevent the projécm
building (as we'’re treating warnings as errorsyéf omit any XML comments from any
publicly visible items. The XML file provides infedense when shipped with the assembly,
and can be built into NDoc documentation. It's ge@do this now rather than later as it is
more painful to visit months of code adding in domeuntation rather than writing the
comments at the same time as the code.
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Getting GLFW working

Make a folder in the base tutorial directory cal@ependencies — this is where we’ll place
our compile time (assemblies that we have to raferd¢o build our project against) and
runtime dependencies. Copy into thgrefl.dll and the Tao DLLs we’re going to be using
(Tao.Glfw.dll, Tao.OpenGl.dll, Tao.OpenGl.Glu.dll).

I’'m going to base the code for the GLFW applicatsetup and OpenGL framework
management code on the Boing demo supplied witf #eeFramework.

Add a reference tdao.Glfw.dll, by right clicking orReferences in theSolution Explorer,
click on theBrowse tab and navigate to tffeutorials\Dependencies folder and double
click on the assembly. This assembly, and any stieferenced, will be copied into the
bin\release subfolder under th€aumuon.Jabuka.Application project folder (this is
controlled by theCopy Local property by right clicking the assembly in tReferences
section of the solution explorer).

We're now going to add in some code to actually @aFW. This code won’t do very much,
apart from initialising and closing down the franteky just to check that everything is
referenced correctly.

Add a using statement for thieo.Gifw namespace at the top of fRegram.cs file.

using Tao.Glfw;

Add the following two lines in th&ain() method:

/I Initialise GLFW
Glfw .glfwinit();

/I Close OpenGL window and terminate GLFW
Glfw .glfwTerminate();

If you run the application now, you'll get an extiep DIINotFound. When running, the
application tries to locate the unmanaged Dglfw.dlIl. This should either be in the
application runtime path, or in ti$windir$\System32 folder.

There are two options when running our app, weetidner copyglfw.dll into ourbin\release
andbin\debug folders before running our app, or copy all of pineject output and dependent
referenced assemblies from our projebi\release folder into a\Tutorials\Run folder,

along with any unmanaged references.

We could achieve the copying with a post build stepf we move on to using build scripts
to build our project, that could be one of the stdfor now, we'll just copy thglfw.dll
manually intobin\release andbin\debug — we won’t have to do this that often anyway, as
we shouldn’'t have reason to cldzn\ folders.

Now we can run our application again. Nothing eattattering will happen, but at least we
know by initialising and terminating the GLFW framerk that that everything's referenced
correctly, so we're in a good state to add sometionality.

Add a reference tdao.OpenGl.dll, and a using statement at the top of the file for
Tao.OpenGl (necessary for thel.GL_FALSE constant).
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Now we’re going to add code to open a GLFW windimtg which our rendering will take
place. The following code returns from thiein) method and so terminates the application
straight away if the window fails to open. Add fodowing code in-between the two method
calls we just added above:

if (Glfw .glfwOpenWindow(400, 400, 0, 0, 0, 0, 16, O,
Gliw .GLFW_WINDOW) == GI.GL_FALSE)

Glfw .glfwTerminate();
return

}

Run the program, but if you blink you’ll miss itu®window briefly appeared and
disappeared, as execution reached the difvaterminate() call. You can pause the
application briefly by inserting a sleep as follows

System.Threading. Thread .Sleep(1000);

The sleep is where we’ll actually have our maingoaon loop. The program will runin a
loop, drawing the scene, then maybe processingqshgs Al, until the user exits the
application by closing the window. This means thatframe rate will depend on the time
spent performing those actions. There are prolbaoke sophisticated ways to do structure
the program execution (especially when running witkitiple threads), but this is a simple
start that will do us for now.

First, we'll get the window to display without dgaearing:

bool isRunning = true ;
/I Main loop
while  (isRunning)
{
/I Swap buffers
Glfw .glfwSwapBuffers();
/I Check if we are still running
isSRunning = (
Gliw .glfwGetKey(  Glfw .GLFW_KEY_ESC) ==
Glfw .GLFW_RELEASE )
&& Glfw .glfwGetWindowParam(  Glfw .GLFW_OPENED) ==
GI.GL_TRUE);
}

Insert the above code after thisvOpenwindow() if block, and before the final
glfwTerminate() . Thewhile loop continues to loop, determining whether thedew has
been closed. Without thgfwSwapBuffers() call the application hangs, it probably ensures
that the Windows messages are pumped.

Now that our application opens a window, and wealase the application by closing that
window, there’s not much point for the console vandto appear. We'll stop the console
window appearing now. Right click on th@umuon.Jabuka.Application project and select
Properties. On theApplication tab, change th®utput Type to beWindows Application
rather tharConsole Application.
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There is one last thing to do before we can staswihg. We’'ll set up various OpenGL
settings. Again, an OpenGL reference book shoudrilee what these do. Prior to the main
loop insert the following.

/I sync buffer swap to monitor vSync (if supported
/l'in hardware and drivers).
Glfw .glfwSwaplinterval(1);

Gl .glClearColor(0.0f, 0.0f, 0.0f, 0.0f);
Gl.gIShadeModel(  GI.GL_FLAT);
Gl.glEnable( GI.GL_DEPTH_TEST);
Gl.glEnable( GI.GL_CULL_FACE);

Starting to Draw

Now, let’s go ahead and do some drawing. We walwdthree perpendicular axes to the
screen (so that you can see where the x, y andsl@), we will redraw the scene in each
loop of our application. Let’'s add the followinggt method to ouProgram class, called
RenderScene() , and call it in the main loop just before the taljifwSwapBuffers() . The
method is static as there isn’t an instance optiogram class created for thiain) method
to call.

The following is our first taste of proper OpenGAle first clear the scene, then we store our
current viewing transformation (this will becomeaer later on when we start transforming
objects more than once).

/Il <summary>
/Il Draws a frame.
Il </[summary>
private  static  void RenderScene()

{
Gl.glClear( GI.GL_COLOR_BUFFER_BIT |
G|.GL_DEPTH_BUFFER_BIT);
Gl .gIPushMatrix();
/I do our drawing here
/I initial viewing transformation
const float viewAngle = 103.0f;
Gl .gIRotatef(viewAngle, 1.0f, 0.2f, 0.0f);
#region Draw Axes

const float axisSize = 25.0f;

/I draw a line along the z-axis
Gl .gIColor3f(1.0f, 0.0f, 0.0f);
Gl.gIBegin(  GIl.GL_LINES);
Gl .glVertex3f(0.0f, 0.0f, -axisSize);
Gl .glVertex3f(0.0f, 0.0f, axisSize);
Gl .glEnd();

/I draw a line along the y-axis
Gl .gIColor3f(0.0f, 1.0f, 0.0f);
Gl.gIBegin(  GIl.GL_LINES);
Gl .glVertex3f(0.0f, -axisSize, 0.0f);
Gl .glVertex3f(0.0f, axisSize, 0.0f);
Gl .glEnd();

/I draw a line along the x-axis
Gl .glColor3f(0.0f, 0.0f, 1.0f);
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Gl.gIBegin(  GIl.GL_LINES);
Gl .glVertex3f(-axisSize, 0.0f, 0.0f);
Gl .glVertex3f(axisSize, 0.0f, 0.0f);
Gl .glEnd();
Gl .gIPopMatrix();
Gl .gIFlush();
#endregion Draw Axes

}

We’'re now getting somewhere — we can see on tleesdhree different coloured axes. You
can play about with the angles in theRotate()  statement to see the effect.

Handling Window Resizing

There’s still something to fix though. Try resizitige window — you can see that the window
resizes but that as you resize it, it just showsenoo less of the scene; this isn’'t what we
want. We want our scene to be resized to alwayhditvindow. To do this we add a callback
that is called by GLFW whenever the window is rediz

GLFW provides a delegate for us to register oubeak, GLFwwindowsizefun() . A delegate
allows a reference to a method to be passed ards{similar to function pointers in C++).

The delegate provided is defined as having a sigaatf a void return type, and taking two
parameters as ints. We can register whatever metkaslant to be called as long as it has the
required signature.

We register the delegate usigiyvSetwindowSizeCallback() as in the following code
(insert this prior to youGlw.glfwSwaplinterval(1) call above the main loop:

Glfw .glfwSetWindowSizeCallback(
new Glfw . GLFWwindowsizefun (Reshape));

And add thereshape() method in as follows. The implementation is fropme@GL
Superbible, I'm not too worried about how it works:

/Il <summary>

I Handles GLFW's window reshape callback.

Il </[summary>

Il <param name="width">

I New window width.

Il </param>

Il <param name="height">

I New window height.

Il </param>

Il <remarks>

/Il Implementation based on details in OpenGL Superbib le
Il <lremarks>

private  static  void Reshape( int width, int height)

/I Set viewport to window dimensions.
Gl .glViewport(0, 0, width, height);

/I Reset projection matrix stack

Gl .gIMatrixMode(  GI.GL_PROJECTION);
Gl .glLoadldentity();

const float nRange =80.0f;

/I Prevent a divide by zero
if (height ==0)
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height = 1,
}
/I Establish clipping volume (left, right, bottom,
/I top, near, far)
if (width <= height)
{
Gl .glOrtho(-nRange, nRange, -nRange * height / width,
nRange * height / width, -n Range, nRange);
}
else
{ . _
Gl .glOrtho(-nRange * width / height,
nRange * width / height,
-nRange, nRange, -nRange, nRange) ;
}

/I reset modelview matrix stack
Gl .gIMatrixMode(  GI.GL_MODELVIEW);
Gl .glLoadldentity();

}

Adding a Sphere

Now, that we’ve got the window behaving correcliy;s add another object to our scene.
We’'ll add a sphere in, as it's a simple object thatl be making much use of. This
implementation is based on code from NeHe lesson 18

Add a reference tdao.OpenGl.Glu.dll. After the drawing of the last axis, prior to the
popMatrix()  call inRenderScene() , add the following:

#region Draw Sphere
bool drawWireFrame = false ;
int drawStyle = drawWireFrame ? Glu .GLU_LINE:
Glu .GLU_FILL;
double radius = 5.0;
/l From NeHe lesson 18.
Glu . GLUquadric quadric = Glu .gluNewQuadric();
try
{ . .
Glu .gluQuadricDrawStyle(quadric, drawStyle);
Glu .gluQuadricNormals(quadric, Glu .GLU_SMOOTH);
Glu .gluSphere(quadric, radius, 40, 40);
}
finally
{ . .
Glu .gluDeleteQuadric(quadric);
}
#endregion Draw Sphere

The drawing of the sphere makes use of a quadnie.cé@lls are enclosed inra -finally

block as we want to ensure that the quadric istel® the case of any errors. Later on we
may profile the code to see how inefficient cregtimd destroying the quadric on every scene
render is — it may be that we end up caching tteglga in an object and making it

IDisposable  to ensure that it's cleaned up.
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You can see that the sphere is positioned overghtre of the axes. We can change the
position of the sphere by enclosing the code tavdhe sphere that we added above in the
following calls.

#region Draw Sphere

/I Store current view
Gl .gIPushMatrix();
Gl .glTranslatef(3.0f, 3.0f, 3.0f);

.. our code to draw the sphere goes here

/I Restore current view
Gl .gIPopMatrix();

#endregion Draw Sphere

Some Refactoring

We've got a basic application working, with thelépito add and draw many objects on the
screen. This example takes the form of many Opetu@&irials you'll see on the web — it's
simple, which is good to show the basic conceptsatbit too simple to do further work on.
It resembles a C program with all the methods bsiatic, and not an object in sight. We
want to make the example a bit more object-origrgedng a firm foundation for doing
further work. That's what we’ll go ahead and do now

Add a class calledorld in a new file,World.cs. (Do this by right clicking on the project and
selectingAdd | Class), nhame the class World.cs.) Add thepublic  specifier to thevorld
class, this is to ensure that we get warnings lfaniasing XML comments. Add the

following comment:

/Il <summary>

/Il Initialises GLFW, draws various objects.
Il </[summary>

public class World

Add the following using statements at the top effile:

using Tao.OpenGl;
using Tao.Glfw;

Add a public method calle®un() (returning void and taking no parameters) and nibge
contents oEntryPoint.Main() into there. I'll let you add the comments, to thesethods
and others that | don’t add throughout this tutoW@u can look at the downloaded code if
you run out of ideas.

Move theReshape() andRenderScene() methods into th&vorld class, and remove the
static modifiers from their declarations.

In theProgram class’sMain() method, instantiatesorld class, and caktun on it:

World world = new World ();
world.Run();

That's made therogram class much cleaner. Now, it's only doing one joie-
responsibility for rendering the scene has movetti¢avorld class. Therogram class may
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in the future be used for e.g. setting up the séeme XML, measuring the time to perform a
specific run, or number of runs.

Theworld class is still doing two jobs, setting up GLFW drahdling its events, and drawing
the scene, so it’s likely that we’ll split this pemsibility up later. For now though, it's not a
big problem.

There’s still a little more tidying to do. Selebgtlines

Gl .glClearColor(0.0f, 0.0f, 0.0f, 0.0f);

Gl .glShadeModel(  GI.GL_FLAT);
Gl.glEnable( Gl.GL_DEPTH_TEST);
Gl.glEnable(  GI.GL_CULL_FACE);

And select th&Refactor | Extract Method menu item, name the method in the dialog box as
InitGL.

Now perform arExtract Method on the contents of thenile loop, and give it the name
MainLoop . The extract method hasn’t been quite so sucddbsuime — it passes the
isRunning  variable into the method, when all it needs tasdetrieve the value. Remove the
isRunning parameter as follows:

/Il <summary>

/Il The main rendering loop. Draws the scene and handl es
/Il user input

Il </[summary>

Il <returns>

/Il true to indicate that program should continue,

/Il false if the user has closed the window.

Il <[returns>

private bool MainLoop()

RenderScene();

/I Swap buffers
Glfw .glfwSwapBuffers();

/I Check if we are still running
bool isRunning = (

( Glfw .glfwGetKey(  Glfw .GLFW_KEY_ESC) ==
Glfw .GLFW_RELEASE)
&& Glfw .glfwGetWindowParam(  Glfw .GLFW_OPENED) ==
Gl.GL_TRUE);
return  isRunning;
}
And remove the parameter from the call to the metihdhewhile loop:
/I Main loop
while  (isRunning)
{
isRunning = MainLoop();
}

In my mind I've already got some more possiblegtfangs, and the introduction of objects,
but it's best to get some more functionality irsfiand look out focode smells, that is, where
there is duplication of code oesponsibility for performing an action is in theong place.
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That being said, let’s introduce some movementatoapplication. We’'ll move the sphere
along the z axis, and we’ll move the axes alongythgis (hopefully this makes sense!).

Introducing Animation

We’'ll introduce two variables, one to hold the sghe location, and one to hold the axes y
location. Inside th&vorld class, before theun() method, insert the following:

#region Member Variables

double sphereZLocation = 0.0;
double axesYLocation =0.0;

#endregion Member Variables

Now, we’ll change the drawing of the objects to theese variables. IRenderScene() , just
before the drawing of the x axis, at the starhefttraw Axes region, insert the following:

Gl .gIPushMatrix();
Gl .glTranslated(0.0, axesYLocation, 0.0);

And following the drawing of the z axis, before #md of thedraw Axes region, insert:

Gl .gIPopMatrix();

The glPushMatrix() call stores the current viewing transformatiortlm stack, so that we
can make thelTranslated() call and return to our original state afterwardthhe
glPopMatrix() . We already have thgPushMatrix() andglPopMatrix() calls around the
sphere drawing, we just change ti®eanslatef() call to beGl.glTranslated(3.0,

3.0, 3.0 + sphereZLocation)

Run the application and you can see that nothisgchanged. We actually want our main
loop to change the location variables on each pii® loop. InviainLoop() , after the swap
buffers call and before theRunning check, add the following:

const double increment=0.1;
this .axesYLocation += increment;
this .sphereZLocation += increment;

You may want to change this increment to be a targkie on a slow system, and vice-versa.

Now we have the application doing just about eveng we want for this tutorial, but we're
not ready to introduce any Physics yet, we’ll geahand do some more refactoring first.

More Refactoring

The first bit of code that we’ll tackle is tikenderScene() method, it currently is hardcoded
to draw two objects, making use of two member Wdes in the world. We could split out the
drawing of the axes and the sphere into two sepanathodsfrawAxes() and

DrawSphere() ), but this is a good time to introduce classe®present these — we’ve got two
similar methods both using similar data (the lamabf the object). We’ll do them both
together, so let's add two classes to the projees andSphere .

It's a fairly quick and easy job to just move thealand methods over to the new classes, but

for demonstration purposes we’ll take our time. Watroduce the classes in baby steps, at
no point we will move to far away from having a \kiog program.
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Add abraw() method to both of our classes. Into each, copylthering code specific to the
object fromRenderScene() including the preceedingiPopMatrix()  , giTranslated() , and
dIPushMatrix() calls (each separateaw region). We won't delete anything from
RenderScene() for now, as we don’t want to move too far awayrira moving program — in
the worse case we could scrap our new work ifdt &adard-to-find bug in it. This may seem
overly cautious for this simple example, but it'gaod habit to get into for when performing
large and/or complicated program changes.

Add theusing directive forTao.OpenGl at the top of the classes. Now, add the missing
member variables to the classes, making them pudbti@xample in thaxes class insert:

public  double axesYLocation = 0.0;

You may be worried about these being public, bsijutst a shortcut while we’re refactoring,
we’ll soon be making these private. If you wereagned that you may forget to change
these to private, you could always do so now anbpadperties to access them.

In theworld class we’ll add a couple of member variables farrew classes:

Axes axes= new Axes();
Sphere sphere = new Sphere ();

In theRenderScene() method, call th®raw() method of these two new classes:

axes.Draw();
sphere.Draw();

Now, there are two copies of our axes and spheng lagawn, the ones we’ve just introduced
obviously aren't moving (we’re not changing theiember variables).

In theMainLoop() method, after the two lines where we incrementtthed 's members, add
the following:

axes.axesYLocation += increment;
sphere.sphereZLocation += increment;

Now, run the program and it appears that theralig @ne set of objects again — we're
successfully updating the positions of our newlyaduced objects to match the old copies,
and so the old objects are redundant.

From theworld class, remove the two member variables that Hadikes and sphere
locations, and remove the code that increment® thesables from th®lainLoop() method.
Delete the regions of code that draw our objecis1fRenderScene() . Doesn't that feel much
neater? Th&vorld class is no longer cluttered with object-spedaifiawing code.

Introducing Interfaces

Here’s an UML diagram of our classes so far (thediin box represents composition — the
lifetimes of theSphere andAxes are controlled by the lifetime of theorld ).
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Notice that thavorld has two hardcoded members, tlves and thesphere . It won't be
much more work to make thworld totally generic, to allow us to pass in any olgege
want and to get thevorld to draw them.

Sphere
| Program | | World | Draw()
Main() o— Fun() [—]

e Axes

Draw()

In MainLoop() , rather than updating the two location memberaldeis directly, we're going

to delegate to the classes to update their posititemselves. There are two motivations
behind this — the first is that we want to encapt®uthe inner workings of the class, now the
internal representation of the location could lve@or class, and we wouldn’t care. The
other motivation is to get the interface for the wlasses the same, as you'll see below. Onto
theAxes andSphere classes, add a method:

public  void Update( double increment)

The implementation for thexes class is:

axesYLocation += increment;

TheMainLoop() method now can call:

axes.Update(increment);
sphere.Update(increment);

And the member variables contained in Alkes andSphere classes can be made private.
Now theworld class interacts with thexes andSphere though thebraw() andupdate()
methods — it knows nothing of their internal reprgation. Rather than directly calling e.g.
Draw() on the axes and the sphere, we want tobzal() on any object that we will store in
theworld . This is the perfect use of polymorphism, and @& us to use an interface to
achieve this (in C++ you’d have to derive from éstaact base class). Add a new item to the
file (Project | Add | New Item | Code File), and name itDrawable.cs. Insert the following
implementation:

namespace Taumuon.Jabuka.Application

{
/Il <summary>
/Il Allows objects to be drawn.
Il </[summary>
public interface IDrawable
{

/Il <summary>

/Il Draws an object using OpenGL calls.
Il </[summary>

void Draw();

/Il <summary>

/Il Lets the object update its position.

Il </[summary>

/Il <param name="increment">
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/Il Time increment - larger numbers move object faster
Il </param>
void Update( double increment);

}
}

Note that thespdate() method doesn’t really belong here, thawable in the name

suggests that the class has the capability to derd¢similar to anDisposable  class having
the capability of being disposed). The updatintheflocation will be handled by some sort of
physics interface, but we won't worry about this filow — it's not too much hassle to move
things around, and it's probably better to defemitil we have more knowledge of the
system, rather than second guessing ourselves. tlawge theaxes andSphere classes from
this new interface:

/Il <summary>

/Il Draws a sphere on the screen.

Il </[summary>

public  class Sphere : IDrawable

Now, in theworld class, add the following member:

List <IDrawable > drawableObjects = new List <IDrawable >();

Add a constructor, and populate this list by remguhe axes and sphere member variables —
we’ll create them as local variables in the corgtruand add them directly to the list:

/Il <summary>
/Il Constructor.
Il </[summary>
public  World()

Axes axes= new Axes();

Sphere sphere = new Sphere ();
drawableObjects.Add(axes);
drawableObjects.Add(sphere);

}

In theMainLoop() method, rather than callingpdate() on the two objects directly, you can
just iterate over the contents of the list apdate() them, as follows:

foreach ( IDrawable drawableObject in drawableObjects)

drawableObject.Update(increment);

}

And similarly in theRenderScene() method — just iterate over the objects as irfdieach

loop above, and catiraw() rather tharupdate() . This is really tidy, th&vorld class is much
smaller, and its responsibilities have been digkttethe new classes that we've introduced.
We've still got the hardcodetkes andSphere classes in thevorld constructor, but it's an
easy job to construct this in theogram class (maybe from XML), or deserialise it in the
World class. We'll go ahead and make the change foprtiigam class to create our objects.
Change the member variable declaratiowénd to be:

List <IDrawable > drawableObjects = null
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And theworld ’s constructor to be:

/Il <summary>
/Il Constructor.
Il </[summary>
public World( List <IDrawable > drawableObjects)

{

System.Diagnostics. Debug.Assert( null !=drawableObjects);
this .drawableObjects = drawableObjects;
}

Don’t worry about thedssert() method for now, we’ll discuss the strategies (dgses
versus exceptions) for methods’ arguments in andtherial. Now, finally, add asing
directive forSystem.Collections.Generic to theProgram class, and change the class’s
Main() method to be:
static  void Main( string [] args)
Axes axes= new Axes();
Sphere sphere = new Sphere ();
List <IDrawable > drawableObjects = new List <IDrawable >();
drawableObjects.Add(axes);
drawableObjects.Add(sphere);

World world = new World (drawableObjects);
world.Run();

Finally, change th&vorld 's comment to be more descriptive:

/Il <summary>

/Il Initialises GLFW, opens a window and holds a list of

/Il IDrawable objects, drawing them.

/Il Usage:

/Il Construct with IDrawable list, call Run() and loop runs
/Il drawing objects. Run() returns when the user has c losed

/Il the GLFW window.
Il </[summary>
public  class World

Now, this is much better, thigorld only talks to the objects it contains through the

IDrawable interface — it’s trivial for us to create anotludyject and get it to be drawn by the
World . Now, the lifetimes of th&vorld , Axes andSphere are obviously dependent on the
lifetime of theProgram (hence the composition). Thorld has associations to objects
implementing theDrawable interface (I've used association rather than agaitéon in the
diagram as there’s not any difference in the im@etation. There’s a discussion of this to be
found at:http://www.objectmentor.com/resources/articles/ula$SDiagrams.pdf
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Program Warld gl Drawables
Main() — Run() - | Draw()
0. | Update()
X A

I
«instanceOfs kinstanceOf:

There are another couple of little niggles with tloele — the storing of the z location in the
sphere, and the y location in the axis. It's easiynagine introducing some sort\adctor
class, but I'm reluctant to do it without introdngisome unit tests.

In the next tutorial, we’ll introduce some physiaad expand upon this design to get the
physics and 3D coupled together.
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