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Agenda

The Accelerated Processing imperative

Shift to software/hardware parallelism

Role of the GPU as floating point accelerator

Peta-scale processing for the masses

Attack of the GPUs

Emergence of Accelerated Processing Units (APUs)
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The Accelerated Processing Imperative

x86 applications, workloads and usage models 
continue to rapidly diversify

Java, XML, web services

3D, digital media

HD, DRM 

E-mail, GUI, PowerPoint, web browsers

Spreadsheets, word-processing

x86 Softw
are Complexity

 and D
iversity

First x86 PC
IBM model 5150

2000s 2010s1990s1981
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The Accelerated Processing Imperative
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The Next Major x86 Inflection Point

Accelerated 
Processing Era 

Legacy 
Processing Era 

Silicon Level 
Acceleration

Platform Level 
Acceleration

Traditionally Optimized Platforms

Single Core CPUs/GPUs

Multi-Core 
CPUs/GPUs

In coming era of Accelerated Computing, 
heterogeneous multi-core goes mainstream

2000s 2010s1990s1981
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Impact on End-User Experience vs. 
Computing Infrastructure

New  applicat ion value delivery heavily 
defined by Cloud capabilit ies/ logic

End- user  exper ience rapidly changing, huge 
SW / HW  paradigm  shift  occurr ing

Clients
Rapid evolut ion

Web 2.0/3.0 experience driving major shift to 
parallelism in server and client workloads

• PC/ CE lines blur
• Digita l m edia  on 

every device
• Mainst ream  3 D/ HD
• Background 

services explosion

Datacenters
Tectonic shift

• Massive ly sca lable 
system s

• Mainst ream  
processors

• Consolidated 
hardw are
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Easing and Accelerating the Parallel 
Software/Hardware Evolution

Open collaboration to enable a more productive 
parallel programming environment

Acceleration for software transactional 
memory

Accelerated cross-core communication

Fast context switching for light-weight 
parallelism

Hardware 
extensions 
for software 
parallelism 
(xSP)

Light-Weight Profiling



Phil Hester - Hot  Chips 198 August  21, 2007

Accelerated Computing Software Stack

AMD64 processors (CPU, GPU, Fusion)

Instruction Set (GPU, AMD64, SSE, AMD-V, xSP)

Runtime environments (AMD RT, JVR, CLR)

Open Source Interface

Operating systems (Windows® , Linux® , Solar is)  and
Hypervisors (VMware, Xen)

Integrated development environments and analysis tools

Web-based and user-
level application 

software 

Infrastructure and high 
performance software 
(HPC, video, consum er, 

database, m ail,  web servers)

Compilers (C, C+ + , Fort ran)
AMD Stream extensions and 

performance libraries
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Stream Computing Futures 
Taking HPC technology m ainst ream

Highest  Com pute per m m 2,  dollar, & wat t
– Perform ance & bandwidth for HPC applicat ions

Personal St ream  Com put ing
– I m age, video and data intensive processing

– I m age/ feature search

Program m ing m odel standardizat ion

- Whole plat form  not  just  GPU-cent r ic
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Graphics Processing Today: 
Moving Beyond Rendering to Dynam ics

Enthusiast computing continues to push 
the boundaries of cinematic realism
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The Changing Role of the GPU

Ruby "Whiteout "  Dem o

(Rem oved in PDF version to reduce file size)
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Ruby Statistics

DoubleCross The Assassin Whiteout

Ruby Polygons 80,000 80,000 200,000

Avg. 
Tr iangles/ Fram e 227,212 546,087 1,069,503

Max 
Triangles/ Fram e 556,305 1,018,312 2,150,521

No. of Pixel 
Shaders 100 316 210

Avg. Pixel Shader
Length 20 74 142

Facial Anim at ion 
Targets 4 4 >  128

ALU: Tex Rat io 4: 1 7: 1 13: 1

2004 2005 2006
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2004 2005 2006

Ruby Statistics

DoubleCross The Assassin Whiteout

Ruby Polygons 80,000 80,000 200,000

Avg. 
Tr iangles/ Fram e 227,212 546,087 1,069,503

Max 
Triangles/ Fram e 556,305 1,018,312 2,150,521

No. of Pixel 
Shaders 100 316 210

Avg. Pixel Shader
Length 20 74 142

Facial Anim at ion 
Targets 4 4 >  128

ALU: Tex Rat io 4: 1 7: 1 13: 1
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Graphics Processor Performance:
Drive for Realism  Dem anded Significant  Perform ance
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Graphics Processor Performance:
Drive for Realism  Dem anded Significant  Perform ance



Phil Hester - Hot  Chips 1916 August  21, 2007

2002:  
A Significant  Point  in Graphics Processor History
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2002: 
A Significant  Point  in Graphics Processor History
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2002: 
A Significant  Point  in Graphics Processor History
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2002: 
A Significant  Point  in Graphics Processor History
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2002: 
The Graphics Processor Extends Beyond Gam ing
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2002: 
The Graphics Processor Extends Beyond Gam ing
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GPU Performance = End of the CPU?
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Oil and Gas Demo

(Rem oved in PDF version to reduce file size)
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Protein Folding Demo

(Rem oved in PDF version to reduce file size)
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Petascale Processing for the Masses

YottaFLOPZetaFLOPExaFLOP

2010

96 GPU Pipes

x 4 Flops/cycle
x 3 GHz

-------------
=~1000 GigaFLOPS

=1 TeraFLOP per socket

x1000 = 1 PetaFLOP

PetaFLOPTeraFLOP

Today

Over half of the 
top 500 

supercomputers 
today use over 

1000 processors*

?

GigaFLOP

48 GPU Pipes

x 8 Flops/cycle

* Source: top500.org

Power and bandwidth 

unconstrained
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Going Green

“Ask.com  operat ions VP Dayne Sam pson 
est im ates that  the five leading search 
com panies together have som e 2 m illion 
servers, each shedding 300 wat ts of heat  
annually, a total of 600 m egawat ts ...  the 
total of elect r icity consum ed by m ajor 
search engines in 2006 approaches 5 
gigawat ts.”

— Wired, October 2006
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As m
uch a

s 

20x

Realities of GP-GPU Power Efficiency

1 TeraFLOPS in a CrossFire
configuration

Generalized GPU provides unprecedented 
opportunity for performance-per-watt

F
L
O

P
S

-p
e
r
-w

a
tt

*

Dual-Core CPU GP-GPU

* Source:  AMD

500 GigaFLOPS per GPU

Available t oday –
not just theoretical

More than 2 GigaFLOPS-
per-watt
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HPC: What can be Learned from Attack 
of the Killer Micros

Chart Source: Gordon Bell and Jim Gray, ISCA 2000

1/10th the performance, but at 1/100th the cost

Absolute performance “good enough”

Productivity now greater on a micro* than on a super

* $ 1 0 K - $ 1 0 0 K W orksta t ion
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History Repeating Itself?

Supercomputing programming model is back

$1K - $5K PCs get amazing computational power via GPU 

Traditional “computing” is an order of magnitude behind
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Atta
ck of t

he K
ille

r 

GPUs

Atta
ck of t

he K
ille

r 

Micro
s



Phil Hester - Hot  Chips 1933 August  21, 2007

GPU Performance = End of the CPU? NO!

Am dahl’s Law  is Alive and W ell..
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A New Product Category for a New Era

CPU 
Core(s)

xPU
Core(s)

New category defined by a combination of CPU 
and non-CPU cores integrated on silicon

Accelerated Processing Units 

CPU

xPU

CPU

xPU

CPU

CPU

CPU

xPU

xPU

xPU

CPU

Generalized
xPU D

e
d
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d

x
P

U
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APU Evolution for Increased Benefit 
with Minimized Disruption
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First Client APU Implementation

Next-generation x86 64-bit 
core

Integrated unified shading 
architecture, DirectX GPU Core

The first APU configuration integrates CPU and 
GPU cores, yet retains x86 compatibility

Non-disruptive infrastructure 
evolution

Optimized for mobile and 
mainstream desktops

Cache

PCIe

Memory Controller

Bulldozer
CPU Core

Full DirectX® GPU Core
+

UVD
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Opt im izat ion
Generalized GPU com pute 
through standard API s, 
x86 extensions

Program m abilit y
Greater GPU exposure through 
Close to the Metal init iat ive

First APUs: Immediate benefits using existing 
programming model

Non-Disruptive Software Transition

Com pat ibilit y
GPU prim arily exposed 
through drivers and DX9/ 10

Past 2010FusionToday
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Summary

TeraFLOPS compute in an x86-based platform 
demonstrated today using GP-GPU acceleration 

Stage set for peta-scale x86 using platform 
level acceleration in massively parallel systems

Increasing generalization of GPU capabilities 
through silicon-level integration ...

Rapid diversification of x86 workloads driving 
the birth of the Accelerated Computing era

... and new software API’s enable 
supercomputing for the masses
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