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[bookmark: _Toc60861266]1.Declaration
The work of this report has been completed under the supervision of Gordon Dickers. I declare that this report is the product of my own work and is not being submitted for any other degree etc.

May Davies.

[bookmark: _Toc60861267]2.Abstract
Game loops are discussed in this report, as well as a breakdown of a chosen game loop, how features were implemented, future considerations, and then an appendix containing testing data and code.
[bookmark: _Toc60861268]3.Introduction
This report is a report that has been made in order to describe a Game Loop, which is typically present in most games. There are several different methods in which such a game loop can be done, two of which are described in this report.
[bookmark: _Toc60861269]4.Game loops
A game simple loop that loops for as long as a game window is open. At a basic level, this loop can consist of an input function to handle user inputs, an update function, which is responsible for handling object and object updates (i.e physics, and other changes) and then a render function which will display the game to the user.
[bookmark: _Toc60861270]4.1 Considered Game Loop
The game loop that was initially considered would have looked something similar to this:
oldTime = getCurrentTime();
while (game.isStillRunning)
{
     currentTime=getCurrentTime();
     elapsedTime=currentTime – oldTime;
     game.input();
     game.update(elapsedTime);
     game.render();
     oldTime = currentTime;
}
For players with faster machines, this is a very rewarding game loop as updates and rendering occurs much more often than it would on lower end machines [1].
This loop is not without fault. It was not chosen because the rate that the game updates will be different on machines with varying system specifications [1]. This is a problem is because if a game is multiplayer, and an object is being updated between two or more players who have different hardware at different speeds, objects that have had updates performed on them will be in different positions or states between each player [1]. For instance, one player might throw a grenade, on one players end it could land next to them, while on the other players end it could land 20 ft behind them instead.


[bookmark: _Toc60861271]4.2 Chosen Game Loop
The following algorithm is an example of the Game Loop that was chosen for this particular case.

oldTime = getCurrentTime();
msForEachUpdate = 16.67;
lag = 0.0;
while (game.isStillRunning)
{
    currentTime = getCurrentTime();
    elapsedTime = currentTime – oldTime;
    oldTime = currentTime;
   lag = lag + elapsedTime;

   game.input();
   while ( lag > msForEachUpdate)
   {
        game.update();
       lag = lag – msForEachUpdate;
    }
   game.render();
}

This game loop was chosen over the previously discussed game loop is because the game is being updated at a fixed rate[1] based on if lag is greater than the value of msForEachUpdate(16) (The reason its about 16 is because the aim in this particular scenario is to update the game consistent to 60FPS, 1000ms/60 happens to be around 16~).

The big problem with the game loop through this approach though, is that on lower end machines, due to the render only being performed after the little “catch up” while loop, the game may appear to be choppier than one would prefer as the machine would be waiting on updates to be performed before rendering the scene once more [1]. However, this is still better than the first example as it means that for the case of multiplayer games things will be less likely to be out of sync between player to player.
[bookmark: _Toc60861272]4.3 Implementation
So, how did this loop get implemented in practice? Well, the image below is a screenshot of the code.
[image: ]
Some changes were made to the game loop as can be seen, SDL_Delay was used, as even with the game loop implemented as previously discussed, open using a program called FRAPS which can be used to monitor frame rate [2], the frame rate was higher than 60.
Other features that were implemented included updates to dummy objects, inputs to control the camera (WASD keys), depth, and lighting (though lighting is currently disabled).
For testing and further explanations of some of these implementations, please see Appendix A.
For the full code of this program, please see Appendix B.



[bookmark: _Toc60861273]4.4 Considered future implementations
Something that would be considered for future would be an object loader. The reason for this is because objects can become much more complicated than the house in this scenario, and it would be impractical to write complex models manually. Thus, a program would need to be used to make models, and then an object loader would be used to load these models in. Here is an example of an object file for a cube, which can be found in this programs files under the name of “box.obj”
[image: ]
The letter at the start of each line represents different things. With # being comments, v representing vertex, vt representing texture coordinates of a vertex, vn representing normal coordinates of a vertex, and f which represents a face made up of 3 different vertices of each to create a triangle [3].
The aim of an object loader is to read this file, and then use this data in order to draw objects.
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[bookmark: _Toc60861275]Appendix A – Test logs and Extra Descriptions of Features
Timer Tests
The following tests were tests performed on the timer, displaying results and changes made.
By the end, the program was keeping track of time for the update system, and time for SDL_Delay to make use of.
	Test No.
	Description
	Expected Result
	Actual Result
	Success Y/N? Other notes

	1
	Check that old time is different to current time
	Old time should be different to current time
	[image: ]
	N.
Perhaps changing old time to be set after updates could fix this?

	2
	Repeat of test 1 with notes discussed as changes.
	Old time should be different to current time.
	[image: ]
	Y

	3
	Check that multiple updates will occur between frames when lag is occuring
	More than one update should occur.
	[image: ]
	Y
Note: the cout takes place after the updates are done, not before.

	4
	Check that the fps does not go above 60 by using FRAPS
	Shouldn’t be above 60
	[image: ]
	N.
Looking in to other solutions. So far SDL_Delay() seems like a good idea.

	5
	Repeat test 4 except with SDL_Delay() implemented
	Should stay at around 60 FPS
	[image: ]
[image: ]
	Y.
Note: FPS stayed roughly around 60 going slightly under/over for brief moments.

	6
	Test that multiple updates occur with artificial load by adding a for loop that does nothing inside the objects being updated.

	Multiple updates per render should be performed.
	[image: ]
	Y

	
	
	
	
	




Input, OpenGL, and Camera tests
Controls for the camera are A, W, S and D. They change the eyeX, eyeY, and eyeZ values of gluLookAt.
	Test No.
	Description
	Expected Result
	Actual Result
	Success Y/N? Other notes

	1
	Check that the camera moves when pressing A.
	Camera should move when pressing A
	[image: ]
[image: ]
	Y

Note: Sometimes the camera doesn’t always update when pressing a key? Not sure why this is.

	2
	Same as test 1, except this time with the letter D.
	Camera should move
	[image: ]
[image: ]
	Y

	3
	Same as previous, this time W.
	Camera should move
	[image: ]
[image: ]
	

	4
	Same as previous except this time for S.
	Camera should move.
	[image: ]
[image: ]
	Y

	5
	NOTE: This test was redone as originally it was not logged.

Check for depth
	Houses should have depth, which can be observed by moving the camera
	[image: ]
	N

enable depth.

	6
	Previous test, though with depth enabled.
	See previous test.
	[image: ]
	Y

	7
	Test lighting. Each house should look different
	Each house should have a different colour as previously, with lighting effects on them.
	[image: ]
[image: ]
	N
All houses were the same colour, however the lighting did work when changing the cameras position.

This will be left disabled for now.



Other bugs discovered during testing:
For some reason, at times, the program will not close when pressing the X. Unsure what the current cause of this bug is, as its been noticed both with and without the delay added to the object class.

Object Testing
Before heading straight in to the tests, the objects in this were designed as dummies. They aren’t actual objects with their own physics. In this case they are nothing more than an object with two values within them. One being an int for health, and an int for speed. In addition, these objects also have their own 
	Test No.
	Description
	Expected result
	Actual result
	Success Y/N? Other notes

	1
	Test that multiple updates occur with artificial load by adding a for loop that does nothing inside the objects being updated.

	Multiple updates per render should be performed.
	[image: ]
	Y

Yes, this is from the first test. This was just repeated here to show that if we take too long updating our objects, things need to catch up before rendering the next frame.

	2
	Check that objects values (health and speed) can be updated.
	Health and speed should be a new number to what they were previously.
	[image: ]
	Y

	3
	Check that if the object speed and health aren’t randomized in objectUpdate that they should be 0, as stated in the constructor.

(After test, the objectUpdate will function as normal again, these parts are only being commented out for this test)
	Health and speed should be 0, and so should speed.
	[image: ]
	Y

Note: Couts have been disabled after this test, as doing so many couts per loop kept the time so far behind it was never possible to catch up, resulting in the game loop staying at 0 or 1 FPS due to such a big load.

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	





[bookmark: _Toc60861276]Appendix B – Code
This appendix contains all of the code found within the project.
[bookmark: _Toc60861277]Source.cpp
[image: ]
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[bookmark: _Toc60861278]Display.h
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[bookmark: _Toc60861280]Objects.h
[image: ]





[bookmark: _Toc60861281]Objects.cpp
The couts here were used purely for testing.
[image: ]
[bookmark: _Toc60861282]Mesh.h
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[bookmark: _Toc60861285]Transform.cpp
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