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Introduction
The multicore era
Playstation3Architecture

Cell Broadband Engine Processor
= CellArchitecture

- Howgames arausingSPUs

- CellSDK

RSX Graphics Processor

- PSGL

= Cd

COLLADA

Playstation Edge
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| EPEEUEEOm

Developing games for consoles

Restrict to professional certificated developers

Development kits are expensive
= Nintento Wii ~US$ 2.000,00
- Playstation 3 ~US$30.000,00

= Development kits are necessary

L1}

L1}

Development kits contains software ankardware
You need the hardware to deploy and test your games
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| EPEEUEEOm

In this lecture we will focus on

- The SDKs, APIs and Tools used by professional
developers to create games for the Playstation 3

But almost all the SDKs, APIs and Tools used on
the Playstation 3 are based on open standarts
= Cell Processor, OpenGL ES, Cg, COLLADA

= Everything Is also available to you!
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yhemultiZco nerena

Microprocessors are approaching the physical
limits of semiconductors

= Smallgains in processor performance frofrequency
scaling

One possible solution
s |ncreasethe number of cores

We are in the multicore eral!!

= Intel Core2 Duo, AMD X2, IBMell

= Quadcores arecomming

= Singlecoreprocessorsare vanishing
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Playstation 3
= 9 cores CellProcessoy

Xbox 360
= 3 cores PowerP(hased

In the next generation all consoles should be
multi-core!!!
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CPU: Cell Processor
PowerPGhase Core @3.2GHz

6 x accessible SPE®3.2GHz
1 SPE runs in a special mode (OS)
1 of 8 SPEs disabled to improve production yields

GPU RSX@550MHz (based on GeForce 7 serig
Full HD (up to 1080p) x 2 channels

Multi -way programmable parallel floating point
shader pipelines

Memory:.
256MB XDR Main RAM @3.2GHz
256MB GDDR3 VRAMT@0MHz

System Floating Point Performan@TFLOPS
Sound: Dolby 5.1ch, DTS, LP&it,
Communications: Ethernet, Wi, Bluetooth
Storage: Deatachable HDD slot

Disc Media: CD/DVD/Bhiay
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Calll Broadibamd! |2mEfine Processor

The CBE(Cell Broadband Engine) processor is the
result of a collaboration between Sonyoshiba
and IBM

Alliance formed in 2000 and design center opened in
2001

First implementation in 2004
Investments approaching US$400 million

L1}

L1}

L1}

SONY

& TOSHIBA

COMPUTER
ENTERTAINMENT ®
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Celll Breoadivamnd Zmngine [Processer

Heterogeneoussingle-chip multiprocessor

= Nine processor elements operating on a shared,
coherent memory

Designedo support a very broad rangef
applications

Overcomedhree important limitations of
contemporarymicroprocessors

- Poweruse, memoryuseand clockfrequency
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Calll Broadband Znlne Processen

Power use
= NonHomogenougCoherentMultiprocessor

- Improve power efficiency at approximately thesame rateas
the performanceincrease

Memory usage
= AsynchronousDMA transfers

- 3-level SPE memory structure (main storage, local stores, and
large registerfiles)

Clock Frequency

- Specializeahe PPE for contreintensive tasks and the SPEs for
compute-intensive tasks

= Run at high frequencies without excessieeerhead
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Celll Breoadivamd nEine Processor
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Callll ArEinitecture

Heterogeneous singkehip multiprocessor

- 1x PPE (PowerPC Processor Element)

- 8x SPHESynergistidProcessoiElemeny
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CellpAVEchitechune

P P E wowe r P C P rOCeSSH e m e nt) PowerPC Processor Element (PPE)
64‘b|t POWGrPCAI’Ch Itectu re R I SC COre PowerPC Processor Unit (PFU)

m

L1 Instruction L1 Data
General purpose processor | Cache cacne
= Dual Th read PowerPC Processor

Storage Subsystem (FPSS)

Two way multiprocessor with shared
dataflow

= 32 x 128 biregisters
= 2X 32KB LTCachegInstruction/Data)
= 512KB LZachgInstruction and data)

= VMX {ector/SIMD multimedia
extensiong

L2 Cache
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CelPAEChiteEctuse

SPE (Synergic Processor Element
= 128bit RISC core

= Execute a new SIMD instruction set

= Specialized for dataich compute
Intensive SIMD and scalar applications

= 128 x 128 bireqisters

16

Synergistic Processor Element (SPE)

Synergistic Processor Unit (SPLU)

Local Store (LS)

Memaory Flow Controller (MFC)

DMA Confroller

= 256KB Locédbtore (Instruction/Data)
= Coherentwith main storage
= SPU camnly accesdts local store

Bruno Pereira Evangelista
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CellpAtchitectuse

SPE (Synerglc Processor Element Synergistic Processor Element (SPE)

M FC Synergistic Processor Unit (SPLU)

=  DMA controller that moves instructions
and data between its LS and mastorage

= DMA1/2/4/8/16 bytes up to 16KB |
= Up to 16 inflight DMAtransfers DA Controllet

Local Store (LS)

Memaory Flow Controller (MFC)

The PS3 has 7 SPUs but oblgre
available to use
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Callll ArEinitecture

Element InterconnecBus (EIB)

= Communication path for commands and data between
all processors

= Four 16byte-wide data rings

Memory InterfaceController (MIC)

= Providesthe interface betweenthe ElIBandthe physical
memory

Cell Broadband Engine Interfadénit (BEI)

s Provides a wide connection texternal devices
= Supportstwo Rambus Flexlnterfaces
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CellpAtnchitectue

Source: M. Gschwind et ai., Hot Chips-17. August 2005
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WhatdmakesfCellfditenenitsy

Different programs running on the PPU and the
SPU

- PPU: Genergburposeprograms

- SPUlintensivecomputation programs

= Both cooperatingto carryout computations
SPE

= All'the instructionsare SIMD

= SPUcanonly accessts local store

= Access tanain memorydonethrough asynchronous
DMA
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sl 19ast Crovwdl [IReymneldls, 2000

Video
Simulating 12.000 boids at 60 fps
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1l 19ast Cranvdl [IReyneldls, 2000

Goal
= Simulatelarge groupsof autonomouscharacters

Running on the Playstation 3

- Make use of the PPU, SPUs and RSX

= All the simulation runs on the PPU artsPUs
= Simulate up to 15.000 boids Iin real time

Individualssorted by position into buckets
- Each SPU is used to update one bucket
- SPUs are idlenore than half of eacHrame!
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L lONY Famnes are using tne SIPUSY

MotorStorm Video
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HOMFATESFALERUSIT
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2 1@ SIPUSY

MotorStorm SPU tasks

-
=

-
=

-
=

-
=

-
=

Havokphysics

Determination of object visibility
Concatenationof hierarchies

Billboardobject cullingand vertex buffer creation
Updatingof particlesand vertex buffer creation
Updatingof vehicledynamics

Audio (MultiStream)

Videodecoding

Only uses 15%~20% of available SPU resources
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L2 lON Gain

@S are usling tUae SIPUSY

Lair Video
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LN Fames are using tne SIPWUSE

Lair SPU tasks
= Physics
= Skinningmodels
= Cullingtriangles
= FluidDynamics
= Others
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v Wne SIPUs?

The SPUs are the key strenght of the PS3
- Ideal for offloading work from the PPU and RSX
= Could be used to do a lot of different tasks

Many studios are trying to offload as much work
as possible to the SPUs

How to use the SPU?

- Directcreatethreadson the SPUandrun your code

- Runakernelandajob manageron eachSPU
- Sendjobsandtasksfor eachSPU
- Sonyhasdevelopedthe SSWob managerfor this purpose
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Cellll SIDLS

Complete Cell Broadband Engine development
environment

= Documentation, libraries, samples, tools, IRiad a full
system simulator foPC

= Compatible withFedoraCoredistribution
. 2dz R2y QU YSSR | [/ Stf L
IBM Cell
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Cellll SIDLS

Documentation

= ProgrammingHandBook

- SPHRuntimeManagementLibrary
- PPU & SPUanguagd=xtension

= Tutorials

Libraries

- SPHRuntimemanagementLibrary

- SPH.ibraries FFTgmath, matrix, surface syng vector
Samples

- Many SPUsamples

= Optimizingcodeon SPUsamples(Euler)
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Tools

IBM XL C/C+&€ompiler
GNUbasedC/C++compiler

GNUGDB

GNUbased binutils (assembler, linker, othexs

IDE

= Eclipse3.1.1

= CDT (C/C++) Plugin

= IBM Cell System Simulator Plugin

L1}

L1}

L1}

L1}
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System Simulator

= Full system simulator (emulates the behavior ofGell
Processoy

= Providesmodesof functionalonly and performance
simulation

Fast Mode/Simple Mode/Pipeline Mode
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west@ summit:/fopt/IBM/systemsim-cell/run/cell/linux

imple .ok sroot_disk.cow.table

E|[:| TSI E Icpu j Cycles: 0
B[] FFEOD 1
D = dvance Cycle Amu:nun1|1 I_l_l
3 0 =1 o =[] _
|:| SFE1 Achvance Cycle I Go I Stop I Service GDEBE | NI
|:| SFPE2 TriggersfBreakpoints I Update GUI I Crebug Controls I Options |
B[ SFE3 _ o N
: Ernitters I Fazt Mode I SFU Modes I SFE “isualization | "
B[] SFPE4
B[] SPES I I Track &ll FCs I Ewent Log |
B[] SPES Exit |
H-[] SPET
o Load-Eif-App
“[] Load-Elf-Kernel
] Memaryhiap
EH-[_ Systernhemory
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ILAmusx om W 19S5

Since2000 Sony ipromoting Linuxon the PS2

There are some distributions available for the PS3
Fedora

YellowDog

Ubunto

Gentoo

L1}

L1}

L1}

L1}
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Ve IRSX® Cramlaics
RROCESSOIy
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