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Intro and acknowledgments

A Whoam | ?

I For the past two years leading the Intel representation in OpenCL working group @
Khronos

I Additional background of Media, Signhal Processing, etc.
I http://il.linkedin.com/in/oferrosenberg

A Acknowledgments:

I This presentation contains ideas based on talks with lots of people (who should be
mentioned here)

| Partlal list:

AMD: Mike Houston, Ben Gaster

Apple: Aaftab Munshi

DICEJohan Andersson

Intel: Aaron Lefohn, Stephen Junkins, David BlytihelamLake, Yariv Aridor, Larry Seiler and
mor eé
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From Shaders to Compute

Aln the beginning, GPU HW was

SGI RealityEngine (1993) i c |
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Kurt Akeley. RealityEngine Graphics. In Proc. SIGGRAPH "93. ACM Press, 1993.
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From Shaders to Compute

A Graphics stages became programmatde GPUs evol ved ¢é

Vertex < Discrete Design Unified Design

¥ |

Tessellation
r !

S
. 4
. Rasterize
2
Pixel -

¥

Test & Blend ! v

Vertex shaders, pixel shaders, etc. become threads
running different programs on a flexible core

Framebuiter

AThis |l ed to the traditional GPGPU




From Shaders to Compute

Traditional GPGPU

A Write in graphics language and use the GPU

A Highly effective, but :

I The developer needs to learn another (not intuitive) language
I The developer was limited by the graphicenguage

A Thencame ®0& CUDA¢é

GPGPU example — Adding Vectors

= Place arrays into 2D textures

= Convert loop body into a shader
= Loop body = Render a quad
— MNeeds to cover all the pixels in the float a[5*5];
output float b[5+*5] ;

- 1:1 mapping between pixels and texels Eloat a3l

. /finitialize vector a
= Readback framebuffer into result array //initialize veotor b

for(int i=0; i<5%5; i++)
i

e[i] = a[i] + b[i];
1

I'"ARBfp1.0
TEMP RO;
TEMP R1;

TEX RO, fragment.position, texture[0], 2D;

TEX R1, fragment.position, texture[1], 2D;
ADD RO, RO, R1;
MoV . RO:

Mike Housfon - Stanford University Graphics Lab




The cradl e

In utuamblor

Vix Thread Issue Geom Thread lssue
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Setup | Rstr | ZCull

Pixel Thread Issue
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GeForce8800 GTX (B0) was released on Nov2006
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CUDA & GPU Computing

CUDAD.8 was released on Fel2007 (first official Beta)

VISUAL, @
ADRENALINE | sstace

of

S| i de GeHonceBS®O & NVI DI A CUDA:

Yertex
Shader
Engine

Pixzel
Shader
Engine

ATI x1900 (R580) released on JaR006

CTM SDK

CTM was released on No2006

A New Architecture
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The 15t generation of Platform Compute API

A CUDA & CTM led the way to two compute standards: Direct Compute & OpenCL ATi

STREAM’

TECHNOLOGY

X |
| NVIDIA.
' GEFORCE’
" CUDA

A DirectComputeis a Microsoft standard
I Released as part of WIYDX11, a.k.a. Comput8haders
I Only runs under Windows on a GPU device

A OpenCL is a cros®S / crossVendor standard
i Managed by a working group in Khronos
i Apple is the spec editor & conformance owner
I Work can be scheduled on both GPUs and CPUs

Nov June Dec Aug Dec Oct Mar June
2006 2007 2007 2008 2008 2009 2010 2010
} i i } } } i i >
CUDALO CUDA20 OpenCl1.0 DirectX11 CuDA3 .0 OpenCl1.1
Released Released Released Released Released Released

The 15t Generation was developed on GPU HW which was tuned for graphics usaiye
just extended it for general usage




he 15t generation of Platform Compute API
Execution Model

AExecution model was driven directly from s
processingo)
I Shader Programming : initiate one instance of the shader per vertex/pixel
i Compute : initiate one instance for each point in an-#imensional grid

AFits GPU®ds vision of array of

Processing
Units
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The 15t generation of Platform Compute API
Memory Model

A Distributed Memory system:
I Abstraction: Application gets a ohandled6 to th
I Explicit transactions: API for sync between Host & Device(s) : read/write, mapmhap
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A Three address spaces: Global, Local (Shared) & Private
i Local/Shared Memory:thenoeh r i vi al memory spacee
S — ivead Sehecer — —

Private Private Private Private 3
Memory Memory Memory Memory
|Work—|tem"Work—Item| |Work—ltem Work—lteml
m :
) )
Werkgroup Workgroup
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I Atomic

Computer Device

Host Memory
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Disclaimer

Next slides provide my opinion and thoughts on caveats and
future improvements to the Platform Compute API.




The 2nd generation of Platform Compute API

A Recap:
I The 1st generation : CUDA (untB.0), OpenCll.x, DXL1 CS
I Defined on HW optimized for GFX, extended to General Compute

AThe O0cheesed has moved for GPUs

I Compute becomes an important usage scenario

i Advanced Graphic$?hysics, Advanced Lighting Effects, Irregular Shadow Mapping, Screen Space
Rendering

i Media:Video Encoding & Processing, Image Processing, Image Segmentation, Face Recognition
i Throughput:Scientific Simulations, Finance, Oil Searches

I Developers feedback based on th&st generation enables creating better HW/API

AThe Second generation of Platform
DirectX12 ?

The 2nd Generation of Compute API will run on HW which is designed wi
Compute in mind
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Caveats of the 15t generation:

Execution Model

A Developers input:
I Mos't
i 0OReal
testing, etc.)
kernel  foo ()
/I code here runs for each point in the grid
barrier(CLK_LOCAL_MEM_FENCE);
if ( local_id == 0)
{
/I this code runs once per workgroup
}

/I code here runs for each point in the grid
barrier(CLK_GLOBAL_MEM_FENCE);

if (  global_id == 0)
{

/[ this code runs only once
}

/I code here runs for each point in the grid

or eal
wo r |

wor |l do u s-@gangmanularbyrtheqiod s grald E00duss ea tf | nees
do kernels got sequenti al parts 1inte
--;M;.".-Qﬂ“?s_b“b Q‘“*ﬂbb“
Battlefield 2 -
execution phase DAG & —
(Image courtesy JohaAndersson DICE) PESE[LEmml, /N NN NN N




Caveats of the 15t generation
Execution Model

AThe oarray of scalar/stream processorso6 mo

A Works well for large grids (like in traditional graphics), but on finer grain there is a better
model é
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The 2nd generation of Platform Compute API

ldeas for new execution model

A Goals

I Support fine-grain task parallelism
I Support complex application execution graphs:

I Better match HW evolution: target multithreaded vector machines
i Aligned with CPU evolution, an8oCintegration of CPU/GPU

A Solution: Tasking system as execution model foundation

Device Domain

task

Task Pool

| task

Tasking system:

A TaskQ6s mapped to i
HW units (~compute cores)

A Device load balancing enabled via
task stealing

A OpenCL Analogytasks execute at
theowor k group | eve

AOpencCL Task [ CPU

A More restricted: No Preemption

A Evolved:Braided Task (sequential parts
& fine-grain parallel parts interleaved)




The 2nd generation of Platform Compute API
ldeas for new execution model

AThere are others who think along the

 Computing Software Stack - Future

evel programmable
able to any application High Level Frameworks

Tools:
- 5 Compilers,
~ Abstractions still allow programmers L iomr I Debiogere
3 H H H H main Lipraries
to leverage domain specific libraries (Math!Vites) Triaging; ete) Profiles

to gain higher productivity

APU, Discrete CPUs/GPUs & Kernel Drivers

19 | AMD 2010 Financial Analyst Day | November 9, 2010 AMD:‘
The future is fusion

Sl ides from OLeadi ngChakibAkewt, SéhioraVP,of Comput i ngbod,

YN 10N




Caveats of the 1St generation:
Memory Model

A Developers input:
i A growing number of compute workloads uses complex data structures (linked lists, trees, etc.)
i Performance: Cost of pointer marshaling & reonstruct on device is high
I Porting complexity: need to add explicit transactions, marshaling, etc.
I Supporting a shared/unified address space (APl & HW) is required
A—pp m A Devl O]
 RT

i Dev2
%

App GECR A FEVE ]
RT -

. A 'é\)d—A Dev2 .
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The 2nd generation of Platform Compute API
ldeas for new memory model

Baseline:
Memory objects / resources will have
the same starting addresdetween

Host & Devices

AExtend existing OCl1.x / DXL1 Memory Model ANew Model- Memory is coherent between Host & Device
AUse explicit API calls to sync between Host & Device AUse known o0l anguage | evel
ASuitable for Disjoint memory architectures (Discrete access: atomics, volatile

GPUGs, for exampl eé) ASuitable for Shared Memory architectures

<> Device Host Device

Device Memory




Some more thoughts for the 2" generation
(and beyond)

A Promote Heterogeneous Processinfn ot  GP U 0 eRador

I Running code pending on problem domain: .
I Matrix Multiply of 16x16 should run on the CPU
i Matrix Multiply of 10001000 should run on the GPU Problem size
I Whereds the decision point ? Better | ec

i Load Balancing
I Relevant especially on systems where the CPU & GPU are close in compute power

A One API to rule them all
I Compute API as the underlying infrastructure to run Media & GFX
I Extend the API to contain flexible pipeline, fixedunction HW, etc.

Reyes-style Rendering with Ray Tracing

y
3
Trace

dIC= FROSTBITE }§

Frame Buffi

SIlide from oParall el FAndersssgsDIGE a Game Engined6, Jo




References:

A GeForceB800& NVI DI A CUDA: A New Architecture fo06 Computing o
T http://gpgpu.org/static/sc2006 /workshop/presentations/Buck NVIDIA Cuda.pdf

A OGPU Architecture: | mjudbked\N¥IDIA Basearch& SIGEGRARIABS 6 , Davi d
T http://s 08.idav.ucdavis.edu/luebkevidia-gpu-architecture.pdf

A 6Gener al Purpose Computation on Graphics Processors (GPC
T http://www -graphics.stanford.edu/~mhouston/public_talks/20-mhouston.pdf

A oClose to the Metal 6, 2wW%tin Hensley, AMD, SIGGRAPH
T http://gpgpu.org/static/s2007 /slides/07-CTMoverview.pdf

A ONVI DI Ads Fermi: The First Compl 6laskowsBP U Comput i ng Archit

T http://www.nvidia.com/content/PDF/fermi_white papers/P.Glaskowsky NVIDIAFefrmi
TheFirstCompleteGPUComputingArchitecture.pdf

A dLeading a new EhekibAkmiht, SEhmmViP uTechnolggy Group, AMID10 Financial Analyst Day
T http://phx.corporate-ir.net/External.File?item=UGFyZ%0) SUQN|K3INTBQ2hpbGRIRMMXxUeXBIPTM=&t%

A oParall el Fut ur e oAndemssofddCGke Engi ned, Johan
T http://www.slideshare.net/repii/paralleHutures-of-a-game-engine-24738448

ADRENALINE sotmwace


http://gpgpu.org/static/sc2006/workshop/presentations/Buck_NVIDIA_Cuda.pdf
http://gpgpu.org/static/sc2006/workshop/presentations/Buck_NVIDIA_Cuda.pdf
http://gpgpu.org/static/sc2006/workshop/presentations/Buck_NVIDIA_Cuda.pdf
http://s08.idav.ucdavis.edu/luebke-nvidia-gpu-architecture.pdf
http://s08.idav.ucdavis.edu/luebke-nvidia-gpu-architecture.pdf
http://s08.idav.ucdavis.edu/luebke-nvidia-gpu-architecture.pdf
http://s08.idav.ucdavis.edu/luebke-nvidia-gpu-architecture.pdf
http://s08.idav.ucdavis.edu/luebke-nvidia-gpu-architecture.pdf
http://s08.idav.ucdavis.edu/luebke-nvidia-gpu-architecture.pdf

