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1.1

Chapter 1.
Introduction

From GraphicsProcessingto
GeneratPurpose Parallel @mputing

Driven by the insatiable market demand for realtimegdiigiition 3D graphics,
the programmabler@phicProcessotnit or GPUhas evolved into a highly
parallel, multithreaded, manycore processor with tremendousatimmglut
horsepoweandvery high memory bandwidth, as illusdrayg-igurel-1.
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Figure 1-1.Floating-Point Operations per Secondand Memory
Bandwidth for the CPU and GPU
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Chapter 1. Introduction

The reason behind the discrepancy in floptitg capability between the CPU and
the GPUisthat the GPU ispecialized fawomputeintensie, highly parallel
computatiord exactly Wwat graphics rendeg is aboud and thereforeesigne

such thamore transistoraredevoted to data processing rather than data caching
and flow contrglas schematically illustratedFigyirel-2.
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Figure 1-2.The GPU Devotes More Transistors to Data
Processing

More specifically, the GPU is especiallyswigéid to address problems that can be
expressed as dgtarallel computatiofsthe samegprogramis executed on many

data elements in parafielith high arithmetic intensifythe ratio of arithmetic

operatns to memory operations. Becauseamezrogramis executed for each

data element, there il@er requirement for sophisticated flow conanad

because it is executed on many data elements and has high arithmetic intensity, the
memory access latewey be hidden with calculations instead of big data.caches

Dataparallel processing maps data elements to parallel processing threads. Many
applications that process large data sets can uspaalktbprogramming model

to speed up the computatiols3D renderinglarge sets of pixels and vertices are
mapped to parallel threads. Similarly, image and media processing applications such
as posprocessing of rendered images, video encoding and decoding, image scaling,
stereo vision, and pattern rectignican map image blocks and pixels to parallel
processing threads. In fact, many algorithms outside the field of image rendering
and processing are accelerated bypdedliel processing, from general signal
processing or physics simulation to computtfinance or computational biology.

1.2 CUDA: : a General-Purpose Parallel
Computing Architecture

In November 2006, NVIDIA introduce@UDAE , a general purpose parallel
compuing architecturd with a new parallel programming modeliastduction
set achitectured that leverages the parallel compute engine in NVEPI4sto

NVIDIA OpenCL Programming Guide Version 3.1 7



Chapter 1. Introduction

solve many complex computational problemsinra efficient way than on a
CPU.

As illustrated blpigurel-3, there are sevetahguageandapplication
programming interfacésat can be used to program the CUDA architecture.

GPU Computing Applications

CUDAC OpenCL” >  CUDA Fortran

NVIDIA GPU
with the CUDA Parallel Computing Architecture

Figure 1-3.CUDA isDesigned to Support Various Languages
and Application Programming Interfaces

1.3

A Scalable Programming Model

The advent of multicore CPUs and manycore Gidass that mainstream
processor chips are now paralystemd-urthermore, their parallelism continues
toscalevi t h Mo or e 6 s ibtadeveloddpmicatomsoftiwhre thag e
transparently scales its paralldiistaverage the increasing number of processor
coresmuch as 3D graphics applications transparentlyresafgarallelism to
manycore GPUs with widely varyingnbers of cores.

The CUDAparallel programming model is designed to overcome this challenge
with three key abstractiomashierarchgf thread groups, hierarchgf shared
memories, and barrier synchronization

These abstractions provideefgrained data parallelism #mead parallelism,

nested within coarggained data parallelism ek parallelism. Thguide the
programmeto partition the problem into coarsegubblems thatan be solved
independently in parallsi blocks of threagdandeach suiprobleminto finer

pieces that can be solved cooperatively in parallel by all threads within the block.
This decomposition preserves language expressivity by allowing threads to
cooperate when solving each-gudblem, and at the same time enables automatic
scalabity. Indeed, each block of threads can be scheduled on any of the available
processor cores, in any order, concurrently or sequentially, so that a compiled
OpenCL program can execute on any number of processor cores as illustrated by
Figurel-4, and only the runtime system needs to know the physical processor
count.

I
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This scalable programming model allows the CUDA architectpeanta wide
market range by simply scathmynumber of processors and memory partitions:
from the higkperformance enthusiast GeFd&IeX 280 GPU and professional
Quadro and Tesla computing products to a variety of inexpensive, mainstream
GeForce GPUs (ség@pendix Afor a list of all CUDAerablal GPUS).

OpenCL Program

v \ 4
GPU with 2 Cores GPU with 4 Cores

Core 0 Core 1 Core 0 Core 1 Core 2 Core 3

v

A multithreaded program is partitioned into blocks of threads that execute independently from each
other, so that a GPUwith more cores will automatically execute the program in less time than a GPU
with fewer cores.

Figure 1-4.Automatic Scalability

1.4 Document 6s Structure

This document is organized into the following chapters:
C Chapter Isa general introduction @PU computing and tHeUDA
architecture

¢ Chapter 2lescribebow theOpenCL architecture maps to the CUDA
architectureandthespe f i cs of NVI DI A6s. OpenCL i mpl

¢ Chapter 3jives some guidance on how to achieve maximum performance.
¢ Appendix Aliststhe CUDA-enabled GPUsith their technical specifications

NVIDIA OpenCL Programming Guide Version 3.1 9
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Appendix Bists theaccuracy afachmathematicdlinctionon the CUDA
architecture

Appendix Cgives the technical specifications of various devices, as well as more
architectural details.
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Chapter 2.
OpenCL on the CUDA Architecture

CUDA Architecture

The CUDA architecture is a close match to the OpenCL architecture.

A CUDA device iduilt around a scalable array of multithreStiedinn
Multiprocesqg&sls). Anultiprocessororresponds to an OpenCL compute unit.

A multiprocessoexecutes a CUD#reatbr eachOpenCLwork-itemand ahread
blockor eachOpenCLwork-group.A kernel is executed over an OpenCL
NDRange by grid of thread bldkdlustrated ifrigure2-1, each of thehread
blocks that execuiekernel isherefore uniquely identified by its workup 1D,

and each thread by its global ID or by a combination of its local ID argreugyk
ID.
















































































































































