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Chapter 1.
Introduction

CUDAOJ Supercomputing on Desktop Systems

NVIDIA ® CUDA™ is a general purpose parallel computing architecture introduced
by NVIDIA. It includes the CUDA Instructiont@echitecture (ISA) and the

parallel compute engine in the GPU. To program to the CUDA architecture,
developers can, today, use C, one of the most widely udeddlipgfogramming
languages, which can then be run at great performance on a CUDA enabled
processor.

The CUDA architecture and its associated software were developed with several
design goals in mind:

¢ Providea small set of exteoss to standarpgrogramming languages, like C,
that enable a straightforward implementation of parallel algovifiinSUDA
and C for CUDA, programmers can focus on theofgskrallelizationf the
algorithms rather than spending time eir implementation.

C Support heterogeneous computation where applications use both the CPU an
GPU. Serial portions of applicats are run on the CPU, and parallel portions
are offloaded to the GPU. As such, CUDA can be incrementally applied to
existing applications. The CPU and GPU are treated as separate devices that
have their own memory spaces. This configuration alsosithmaneous
computation on both the CPU and GPU without contention for memory
resources.

CUDA-enabledsPUs have hundreds of cores that can collectively run thousands

of computing threads. Each core has shared resources, including registers and
memory. Then-chip shared memory allows parallel tasks running on these cores to
share data without sending it over the system memory bus.

This guide will show you how to install and check the correct opb@a@inDA
Development Tools
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System Requirements

To ue CUDADevelopment Toolsn your system, you will need the following
installed:

CUDA-enabled GPU

Mac OS X v. 10.5d@ later

Thegcc compiler and toolchain installed via Xcode

CUDA driver andsoftware (available at no cost ftam://www.nvidia.com/cuda)

About This Document

This document is intended for readers familiathetilac OS X environment and
thecompilation of C programs from the command line. You do not need previous
experience with CUD#r experience with parallel computation.
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Chapter 2.
Installing the CUDA Development Tools

The installation dhe CUDA development toolsn a system rmmmgMacOS X
consists of threeimple steps:

¢ Verify the system has a CUeAabledsPU, a supported version of
Mac OS X, and that gcc has been instafiedicade.

¢ Download the CUDAlIriver andsoftware.
C Install theCUDA driverand software

Test your installation by compiling and running one of the sample programs in the
CUDA software to validate that the hardware and software are running correctly
and commnicating with each other.

Verify CUDA-enabled GPU

Many NVIDIA products today contain CUBshabled GPUs. These include:

C NVIDIA GeForce? 8, 9, and 200 series GPUs

C NVIDIA TeslaE computing solutions
¢ Many of the NVIDIA Quadr® products

An up-to-date list o£UDA-enabled GPUs can be found on the NVIDIA CUDA
Web site atittp://www.nvidia.com/object/cuda_learn_products.html. The Release
Notes for the CUDA Toolkit also contain a list of supported products.

To verify which video adapter your Mac OS X systeuasies thexpple menu
selecikbout This Mac , click thevo r e 1 nlfudongand then select
Graphics/Displays under thedardware list.

Verify the Correct Version of Mac OS X

The CUDA Development Toolequire an Intdbase Mac running Mac OS X v.
10.5.60r later. To check which version you have, go to the Apple menu on the
desktop and selestout This Mac. You should see a dialog box similar to Figure 1.
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OO0 About This Mac

(
|.‘ / ‘\‘

M ac OS X To use the CUDA Development

Version 10.5.7 Tools, you need to check for
version 10.5.6 or later.

( Software Update... \

Processor 2.4 GHz Intel Core 2 Duo
Memory 2 CB 667 MHz DDR2 SDRAM

Startup Disk Macintosh HD

( Moreinfo... )

T™ & © 1983-2009 Apple Inc.
All Rights Reserved.

Figure 1.  About This Mac Dialog Box

Note: New versions of CUDA Development Tools can require later versions of Mac OS X,
so always verify that you are running the right release for the version of CUDA you
are using.

Verify That gcc Is Installed

The gcc compiler and toolchaieinstalled via installation of Xcode. The Xcode
dewelopment environment is found on the Xcode Developer Tools DVD that ships
with new Mac systems and with Leopard, if you buy the opsyati&Em upgrade.
When installing Xcode, the package that contains gcc and the necessary tools is
called Developer TodEssentialfOne can check that gcc is installed via the

fusr/bin/  gcc 1-help commandssue from a Terminal window

Download the CUDA Driver and Software

The CUDA driver andsoftware is available from the main CUDA download site at
http://www.nvidia.com/object/cuda_get.html.
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Installing CUDA

On this page, choosrc 0s from theOperating System menu,and download the
CUDA Driver,CUDA Toolkit and the CUDA SDkbackagefor the latest version
of the Development Tosl

Note that there are two CUDA driver packages: one for NVIDIA GeForce GPUs
and one for NVIDIA Quadro GPUs.

The CUDA Toolkit contains the tools needed to compile and build a CUDA
application in conjunction with thec compilation driver. It includésols,
libraries, header files, and other resources.

The CUDA SDK includes sample projects that provide source code and other
resources for constructing CUDA programs.

Installing the CUDA Driver and Software

Follow these few steps for a successful aigtallFor information not listed here,
see the documentatiorvisr/local/cuda/doc

Download the CUDA software frofip://www.nvidia.com/object/cuda_get.html and
save the .pkg files as diredtethe previous section.

Uninstall previous versions of the CUDA Toolkit and CUDA SDK if they have
previously been installed. Do this by deleting the fileaurdoaal/cuda , their
default installation location. Adjust accordingly if you placeddledstierhere. (If
you wish to keep the filesygm carcompile for different versions of CUDA, then
rename the existing directories and modify your makefile accordingly.)

Instdl the CUDA Driverby installing the appropriate CUDA driver package based
on the GPU in the system (either NVIDIA GeForce GPMGIDIA Quadro
GPU)

Install the CUDA Todiit byfollowing the installation notes in the NVIDIA CUDA
Toolkitrelease note$heCUDA Toolkit installation defaults to

Jusr/local/cuda . Several environment iadnles need to be defined in the
installation:

PATHNeeds to adfsr/local/cuda/bin . In addition,
DYLD_LIBRARY_PATHNeeds to containsr/local/cudallib . The typical watp

placethese values in your environment is with the following commands:

export P ATH=/ust/local/cuda/bin:$PATH

export DYLD_LIBRARY_PATH=/usr/local/cuda/lib: Y
$DYLD_LIBRARY_PATH

To make these settings permanent, place themwasn_profile

Install the CUDA SDK by following the installation notes in the NVIDIA CUDA
SDKrelease rtes The installation process will place the filegvaloperr  GPU
Computing . Note that this differs from the default location of the previous version
of the SDK, which was placedDaveloper/CUDA

November 2009 | 5


http://www.nvidia.com/object/cuda_get.html

6

Getting Started with CUDA

Verify the Installation

Bef or e pr oc damtdoiverify that the GUDA pragranosrcan find and

communicate correctly with the CUeAabled hardware. To do this, you will need

to compile and run some of the included sample programs.

Compiling the Examples

The version of the CUDA Toolkit can be chddkgrunningivec i Vvin a terminal
window.nvce is the command to run the compiler driver that compiles CUDA
programs. It calls the gcc compiler for C codéharidVIDIA PTX compiler for
the CUDA code.

NVIDIA includes sample programs in source form iiCthBA SDK. You should
compile them all by changingdeveloper/GPU Computing ~ /C andtypingmake.
The resulting binaries will be installed in the direptagjoper/GPU

Computing / C/ bin/darwin/release .If the compilationfalb e cause it
find gcc,the compiler should be installed via an Xcode installation.

Running the Binaries

November 2009

The sample projesatise libraries pointed to byLIB_LIBRARY_PATH, asdescribed
earlier, so make sure it pstatthe right directory.

In addition, the executables neefintlibcutil.a in /Developer/GPU
Computing/C /ib  and the corresponding include fil®#veloper/GPU
Computing / C/ common/inc . They also need to access graphics libraries in

| Developer/GPU Computing  / C/ common/lib/darwin . If you have installed the

doesnbod

CUDA softvare as explained earlier, these locations are defaults and the programs

should run without difficulty.

Once these required files are in place, f[pevgoper/GPU

Conputing / C/ bin/darwin/release and rundeviceQuery . If CUDA is installed
and configured crctly, the output fafeviceQuery  should look similar to
Figure 2.
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Terminal — deviceQuery — 92x31

There iz 1 dewice supporting CUDA

Device B: "GeForce SoEEM GT"
CUDA Driver Merzion:
CUDA Runtime Version:
CUDA Copability Mojor revizion number:
CUDA& Capability Minor revision number:
Total amount of global memory:
Number of multiprocessors:
Number of cores:
Total amount of constant memory:
Total amount of shored memory per block:
Total number of registers available per block:
Warp size:
Maximum number of threods per block:
Maximum sizes of each dimenzion of a block:
Maximum =izes of each dimension of o grid:
Maximum memory pitch:
Texture alignment :
Clock rate:
Concurrent copy and execution:
Run time limit on kerrels:
Integrated:
Support host poge-locked memory mapping:
Compute mode:
device simultaneously)

Test PASSED

Press ENTER to exit...

2.38

2.38

1

1

268235548 bytes
4

32

EEE36 bytes
16384 bytes
8192

32

B12

B12 = B2 x 64
66635 x 66636 x 1
262144 bytes
286 bytes

8.75 GHz

es

es

Mo

Mo

Default {multiple host threads can use this

o, |4

Figure 2.

Valid Results from Sample CUDA

deviceQuery Program

Note that the parameters for your CUDA device will vary. The key lines are the first
and secomh ones that confirm a device was found and what model it is. Also, the
nextto-last line, as indicated, should show that the test passed.

Running th@andwidthTest

programensureshat the system and the CUDA

device are able to communicate correctlyutpgibis shown in Figure 3.
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CHONS] Terminal — bandwidthTest — 84x22

Ouick Mode
Host to Device Bandwidth for Pageable memory

Tronsfer Size (Bytes) Bandwidth{MB/z)
FIERHEE 1127 .4

Quick Mode
Device to Host Bandwidbh for Pageable memory

Tronsfer Size (Bytes)  Bandwidth{MB/z)
ook L e 1156.7

Quick Mode
Device to Device Bandwidth

Transfer Size (Brvtes) Bandwidth(MB/z)
33ER44352 9367 .4

E888E Test PASSED

Press ENTER to exit...

R = |

Figure 3.  Valid Results from Sample CUDA
bandwidthTest  Program

Note that the measurements for your CUDA device description will vary from
system to system. The importawint isthat you obtain measuarents, and that
the £condto-last line (highlighted) confirms that all necessary tests passed.

Should the tests not pass, make sure you have an NVIDIA GPU on your system
that supports CUDA and make sure it is properly installed.

To see a graphical representation of what C¢dbAlo, run the sample
particles  executable.



Chapter 3.
Additional Considerations

What 6s Next ?

Now that you have CUD&nabledhardware and the software installed, you can
examine and enjoy the numerous included programs. To begin using CUDA to
acceleratthe performance of your own applications, consu@ibe\

Programming Guabated imusr/local/cuda/doc

For tech support on programming questions, consult and participate in the bulletin
board and mailing listtatp://forums.nvidia.com/index.php?showforum=71.
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