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For each frame 
Check all collision points for track intersection  
For each wheel 

Update position of suspension 
Apply effect of acceleration and turning 
Add wheel force to car body 

  End For 
  If collisions have occurred, calculate response 
  Apply collision response forces to car body 
  Apply wheel forces to car body 
  Apply drag and gravity forces to car body 
  Calculate new position of car body and wheels 
 End For 
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Get the current angular velocity of one of the drive wheels 
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Calculate the engine torque 
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Calculate the traction torque for each drive wheel 
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<Form Bounds="20,20,300,300" 
BackColour="Blue"> 

 <Label Bounds="0,0,280,280" 
    FontSize="30.0" 
    ForeColour="White" 

  Text="Hello World" /> 
</Form>  
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Metric C# C++ 

Lines of code 6168 6319 

Number of classes 42 54 

Number of methods 263 264 

Average memory usage  80Mb 40Mb 
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// C# code 
FontDescription tDesc = new FontDescription(); 
tDesc.FaceName = “Arial”; 
if (bBold) tDesc.Weight = FontWeight.Bold; 
tDesc.Height = 12; 
tDesc.Quality = FontQuality.ClearTypeNatural; 
Font pFont = new Font(pDevice, tDesc); 
 
// C++ code 
FontDescription tDesc; 
ZeroMemory(&tDesc, sizeof(tNewDesc)); 
strcpy(tDesc.FaceName, “Arial”); 
if (bBold) tDesc.Weight = FW_BOLD; 
tNewDesc.Height = 12; 
tNewDesc.Quality = 6; 
ID3DXFont pFont; 
D3DXCreateFontIndirect(pDevice, &tDesc, &pFont); 
 

��	��$����	�
�� :��
�	�������� .�
�	� 
�	��%%����	�
�� ;��
�	������1� ��	��$����	�
����	��	���

��
������
�
��
������/*	�

�	�*���	�	�
1�



0��
 

������ �����
��� 
�� ����� ���	� �
���
��	�� 
�� 
�	� �����	�� �	��
��� ��� 
�	� '
�	�
(� ,#21�

�������	��'
�	�
(�,#2��	
�����������	
����������	�
��
�
��
��
	������	��������
���	1�2��
�
��

�	
���� ����	� 
�� ��
� ��	�"	��� 
�	�� 

� 
�� ����
/�	� 
�� ���

��	� 	&	��

��� 
�	� �������� .

���
�

�	��
�
��� 
��
� ��� 	����� ���� ������	�1� =�.	�	��� �����	�� '
�	�
(� 
���.�� 	&�	�

���� .�	��

	�����������������
�	�	�	&�	�

�������
�/	�	&��
�

��������
�����	��	�
�	���������.
���
	��
��
	1�

��	������.
������	���
��	
��	����
��
	��
�
�+�

// C# code 
try { 
 // test the cooperative level to see if it's okay to render 
 m_pDevice.TestCooperativeLevel(); 
} 
catch (DeviceLostException) { 
 // if the device was lost, do not render until we get it back 
 return; 
} 
catch (DeviceNotResetException) { 
 // reset the device 
 m_pDevice.Reset(m_pDevice.PresentationParameters); 
} 

// C++ code 
// test the cooperative level to see if it's okay to render 
if (FAILED(hr = m_pDevice->TestCooperativeLevel())) { 
 // if the device was lost, do not render until we get it back 
 if (hr == D3DERR_DEVICELOST) 
  return; 
 
 // check if the device needs to be reset 
 if (hr == D3DERR_DEVICENOTRESET) { 
  if (FAILED(m_pDevice->Reset(&m_tPresentParams))) 
   return; 

 } 
} 
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// C# code 
Matrix tMatrix = Matrix.Identity; 
tMatrix = Matrix.RotationY(Math.PI); 
Vector3 tWheelPosition = pWheel.Attach; 
tMatrix.Multiply(Matrix.Translation(tWheelPosition)); 

// C++ code 
Matrix tMatrix; 
D3DXMatrixIdentity(&tMatrix); 
D3DXMatrixRotationY(&tMatrix, PI); 
Vector3 tWheelPosition = pWheel->Attach; 
D3DXMatrixMultiply(&tMatrix, &tMatrix, 

 D3DXMatrixTranslation(&g_tTempMatrix, tWheelPosition.x, 
 tWheelPosition.y, tWheelPosition.z)); 
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Desktop PC Laptop 

In-Game Replay In-Game Replay 
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 Desktop PC Laptop 

Processor AMD Athlon 2000+ Intel Pentium P4 3.0GHz 

Memory 512Mb 266MHz DDR RAM 1Gb 400MHz DDR RAM 

Graphics Card ATI Radeon 9600Pro ATI Mobility Radeon M10 
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 C# (�s) C++ (�s) 

1024x768 120.1 120.1 Torq.Graphics.ShadowVolume.AddEdge 
This method is used to construct the 
silhouette used in shadow volume extrusion 1400x1050 120.6 121.6 

1024x768 168.8 212.1 Microsoft.Direct3D.Device.Present 
This method presents the contents of the 
buffer to the graphics card 1400x1050 879.0 864.8 
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How would you rate the following areas of the game?

1 2 3 4 5

GUI

Graphics

Physics

Sound

C
at

eg
or

y

Very good                                                                                           Very poor

Compared with other driving games, would you say the following 
areas are similar?

1 2 3 4 5

GUI

Graphics

Physics

Sound

C
at

eg
or

y

Definitely                                                                                             Not at all
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