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Games Console DevelopmentGames Console Development

Lecture Lecture 55

Topics covered this week:

• Some more on threads

• 3D Pipeline revision

• Optimisations

© Derek Stobbs 2010

Threads and tasksThreads and tasks

 In a system running Linux, the main thread of a program 

normally runs on the PPE.

 This main thread can spawn more Cell Broadband Engine Linux 

tasks

 A Cell BE Linux task has one or more Linux threads that may 

execute on either a PPE or an SPE.

 Note: It is also possible to create a program that runs entirely on an 

SPE, but this is still controlled by a PPE task. (more on this soon…)

DefinitionsDefinitions
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Application partitioningApplication partitioning

 When distributing work around the available processors, 

you should take into account:

◦ Processing-load distribution

◦ Program structure

◦ Program data flow and data access patterns

◦ Cost, in time and complexity of code and data movement among 

processors

◦ Cost of loading the bus and bus attachments

Application partitioningApplication partitioning

 There are two main models for partitioning applications: PPE-centric and SPE-

centric

 The main model is the PPE-centric model:

 In this model the main application runs on the PPE, and individual tasks are 

off-loaded to the SPEs.

PPEPPE--centric modelcentric model

 The PPE acts as a centralised resource manager for the SPEs.

 Each SPE fetches work from main storage, processes it, then 

once processing is complete, it fetches more work and so on…

 SPEs can be used in three ways within the PPE-centric model

◦ The multistage pipeline model

◦ The parallel stages model

◦ The services model
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Multistage pipeline modelMultistage pipeline model

 A stream of data is sent to an SPE, which performs the first stage of 

processing

 The result is then sent to the next SPE, which performs the next stage of 

processing

 The process continues until the final result is returned to the PPE.

 Multistage pipelining is often avoided because efficient load balancing (i.e. 

ensuring that processors have equal share of the work) can be difficult. It is 

often used in graphics, however.

Parallel stages modelParallel stages model

 This model implements data decomposition

 All SPEs perform the same task, but on different portions of the data 

to be processed.

 Each SPE returns the processed data to the PPE

Services modelServices model

 In the services model, the PPE assigns different services to each SPE.

 The PPE calls upon the appropriate SPE when a particular service is 

required
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Revision of 3D PipelineRevision of 3D Pipeline

 The 3D programming that you have done before has been 

made easier by using a graphics API (DirectX or OpenGL).

 With the PS3, we are working directly with the hardware 

and sending 2D Graphics data to an X-Server on the PC.

 It is therefore necessary to review the 3D pipeline in 

order to have a deep understanding of the processes 

behind rendering 3D graphics.

3D Pipeline3D Pipeline

 Objects in a 3D scene are passed through five coordinate 

systems: model space, world space, camera space, clip space 

and screen space.

 In object space, object vertices are defined in a local 

coordinate space with an origin in or on the model. Each 

object has a world matrix (a.k.a. model matrix), which may 

scale, rotate, shear and translate the object into world space. 

◦ Every vertex in a model is multiplied by the world matrix for 

that object.

◦ The world matrix may represent an affine transform (several 

transformations combined).
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3D Pipeline (2)3D Pipeline (2)
 World space defines the entire 3D world, with all vertices in 

the 3D world relative to a single origin.

 Every vertex is transformed from world space to view space 

using the view matrix (a.k.a. camera matrix), which is an affine 

transform composed of a translation and a rotation.

◦ The translation matrix defines the camera position (defined by 

vector p.)

◦ The rotation matrix is formed using the up vector u (normally 

(0,1,0), the right vector r and the “look direction” vector l. 
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3D Pipeline (3)3D Pipeline (3)

 View space defines the entire 3D world relative to a virtual 

camera located at the origin, with the camera looking along 

the z-axis.

◦ The z-axis may be considered to be positive in the direction of the 

camera’s view (left-handed) or negative (right-handed). This is the 

choice of the graphics engine developer.

◦ A viewing frustum is defined in view space, which represents the 

viewable volume using six planes. This is either a cuboid (parallel 

projection) or a pyramid with the apex cut off (perspective 

projection).

Object space

World space

View space

Clip space

Screen space

3D Pipeline 3D Pipeline ((44))

◦ Objects that are not in the viewing frustum are culled from the 

display list. 

◦ Back-facing polygons may optionally be culled.

◦ Primitives are clipped against the front clipping plane, and possibly 

the rear plane as well (although rear plane clipping can also be 

done in clip space).
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3D Pipeline 3D Pipeline (5)(5)

 Vertices in view space are transformed to clip 

space by 

1. a projection matrix

 Can be oblique or perspective

2. divide the x,y and z components by the w 

component.

 Texture coordinates are also divided by w. This is needed 

for perspective-correct texture mapping.
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Clipping PlanesClipping Planes

t and b represent the top and bottom of frustum’s 

near rectangle
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3D Pipeline 3D Pipeline (6)(6)

 Clip space (a.k.a. homogeneous space) 

defines the view frustum as a cube with 

each axis in the range -1 to +1.

◦ Polygons that intersect any of the clipping planes 

(excluding the front plane) are clipped, which 

involves adding some polygons to the display list, 

removing some of them and altering others.

 Done using the Cohen-Sutherland clipping algorithm. 
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3D Pipeline 3D Pipeline (7)(7)

 Finally, in screen space, objects in the scene are defined 

in 2D screen coordinates. 

 Vertices are transformed using a projection matrix, 

which is built using the aspect ratio of the screen, and 

the field of view (FOV) angle.

 The z-coordinate is retained for ordering the primitives 

(painter’s algorithm) and for z-buffering.

◦ Primitives are normally drawn furthest away-first.

◦ The Z-buffer will ensure that a pixel is never drawn on top 

of another pixel whose Z value is closer to the camera.
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3D Pipeline 3D Pipeline (8)(8)

 The world, viewing and projection matrices 

can (and should) be multiplied together into 

a single affine transform: the 

WorldViewProjection matrix (a.k.a. 

ModelViewProjection matrix)
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OptimisationsOptimisations

 General optimisations

◦ Profilers

◦ High-resolution timers

◦ Identify bottlenecks

◦ Improve code efficiency

◦ Concurrency / parallelism

◦ Minimise unnecessary processes
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OptimisationsOptimisations

 3D Pipeline

◦ Don’t draw what can’t be seen

◦ Back-face culling

◦ Occlusion culling

◦ View-frustum clipping

◦ Octree / BSP / Portals

CourseworkCoursework

 Not quite ready yet

 3D application using simple 2D graphics API (Xlib)

 Low frame rate

 Optimise using the techniques you have learned

 The actual application isn’t finished, will try to 

upload for Monday, but next Friday at latest

HomeworkHomework

 Make sure you are up to date with all the labs

 Revise your 3D, you’ll need it for the coursework

 Make a start on the coursework when it is ready

◦ Will be uploaded to Class Materials wiki page

◦ Message will be spammed out via WosGamers


