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W Our Tasks Today ‘

= Get & install Cuda
= Compile & run Cuda programs
= Debugging Cuda code

= Additional tools for some exercises

" Questions
= Who has a Notebooks with an Nvidia Chip or
= A computer with an Nvidia graphics adapter at home?

= Whats the Cuda capability (later how to find out)

= We have PC’s with Nvidia graphics adapter in our Lab

= Just ask me for an account
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U Preparing Your Computer for Cuda %

= Get Cuda from https://developer.nvidia.com/cuda-downloads

= | recommend Windows + Visual Studio 2010 + Nsight (debugging)

WINDOWS: CUDA 5.0 Production Release (Installer Updated 01.10.13)
Getting Started Guide Release Notes

Win 8 / Win 7 / Win Vista WinXP
Desktop Notebook Desktop
B4bit 6dbit Bdbit
32bit 32bit 32bit

LINUX: CUDA 5.0 Production Release

Getting Started Guide Release Notes

Fedora RHEL Ubuntu OpenSUSE SUSE SUSE
16 5.x 6.x 11.10  10.04 12.1 Server 11 5P1 Server 11 5P2
b4bit t4bit &4bit G4bit &4bit &4bit &4bit G4bit
32bit 32bit 32bit 32bit 32bit 32bit

MAC OS X: CUDA 5.0 Production Release (Updated March 2013)

Getting Started Guide Release Notes

DOWNLOAD
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W Documentation

" $NVCUDASAMPLES ROOT$%\doc

= print path: echo $NVCUDASAMPLES ROOTS
= Important files

= CUDA_C_Programming_Guide.pdf

= CUDA_Toolkit_Reference_Manual.pdf

= nvce.pdf
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= Qur first CUDA program: ,,Hello World“ from the lecture

" Create the file helloworld.cu

#include <stdio.h>

__global
void printFromGPU( wvoid )

{
printf( "hello world'\n" );

int main( void )

{
printFromGPU<<<1,2>>>(); // kernel launch
cudaDeviceSynchronize(); // important
return O;
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W Windows + Visual Studio Users

= Check your system variable PATH for the CUDA Toolkit binary
folder NVIDIA_GPU_Computing_Toolkit\v5.0\bin\

= You need a Visual Studio Command Prompt (to ensure cl.exe is

available)

; Microsoft SQL Server 2005 -

. Microsoft Visual Studio 2008

. Microsoft Visual Studio 2010

'tjl Micrasoft Visual Studio 2010 Docum

o Microsoft Visual Studic 2010

. Microsoft Windows 5DK Tools

. Team Foundation Server Tools

. Visual Studio Tools
{-i_} Dotfuscator Software Services
34:'3 Manage Help Settings - ENU —
8y MFC-ATL Trace Tool
&, Spy++

. Visual Studic 2010 Remote Debu'—

BX Visual Studic Command Prompt
BER Visual Studio ftanium Cross Tool
BN Visual Studio x54 Cross Teols Co

—
—
—
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= Compilation

% nvcc —arch=sm 30 helloworld.cu -o helloworld

= Running

% ./helloworld

= You should see something like this:

-

&8 Visual Studio Command Prompt (2010) f | B [

D: s LehresCuda~sz2013_Massive_Parallel Programming~Uebung“blatt_@1“source_codenu
cc —arch=compute_3A0 —code=zm_30 helloworld.cu —0o helloworld

helloworld.cu

tmpxf t_BA0AAILHA_ABAAAAAA-5_helloworld.cudafel .gpu

tmpxf t_AABAA3 hA_BAAAABAA-18_helloworld.cudafe . gpu

helloworld.cu

tmpxf t_AAAAAILHA_ABAAAAAA-5_helloworld.cudafel .cpp

tmpxf t_B00083LA_BBABBEAA—-15_helloworld._ii

D:vLehres~Cudasss2013_Massive_Parallel Programming~Uebungshlatt_B1“source_code *he
lloworld.exe
hello world?
hello world?

D:~Lehre~Cuda~ss2@813_Maszive Parallel Programming~Uebung-hlatt_#1“zource_code>
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LL@ What Architecture | have to compile for?

= Query architecture version using Cuda

= you can compile with sm 10

#include <stdio.h>

int main( void )
{
int devID;
cudaGetDevice ( &devID ) ;
cudaDeviceProp props;
cudaGetDeviceProperties( &props, devID ) ;
printf ("CUDA device %d: \"%s\" with compute
capability %d.%d\n", devID, props.name,
props.major, props.minor );
return O;
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W Much More Useful Stats g

= Tools e.g. ,,GPU Caps Viewer*

B Geeks3D GPU Caps Viewer - GPU 1:43°C L= | =)

GPU | OpenGL CUDA | OpenCL | Tools | About |

| Number of CUDA devices: 1 1: GeForce GTX 680 v
|Name | GeForce GTX 680 =
\Compute Capabiity | 3.0 V\E NVIDIA.
|Shader Clock | 1084 MHz C U D A
| MultiProcessors i ' E ‘
\Warp Size | 32 i Memory data
|Grid Size [2147483647 x 65535 x 65¢ | |Total Memory | 4095MB
(SR [ 1094 % 1074 X 64 Shared Mem /Bl;od<77748 KB,,
Thread /Bock | 1024 el
\Registers /Block | 65536 VEXe Bt CEENES
CUDA @ Geeks3D.com CUDA @ NVIDIA

i OpenGL and OpenCL demos §

|GL 4.x - Tessellation v | |CL GPU - 4D Quatermion Julia Se |
OpenGL demos  Start [> | OpenCL demos  Start [> |
Build: 1.17.2 [Sep 26 2012 @ 19:24:56]
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C:/Program Files (x86)/Geeks3D/GPU_Caps_Viewer_v1.17.2/GpuCapsViewer.exe
C:/Program Files (x86)/Geeks3D/GPU_Caps_Viewer_v1.17.2/GpuCapsViewer.exe

W  Overview of Architectures
Graphics Adapter Multiprocessors Cuda cores  Compute Capability
Tesla K20 13 2496 3.5 )
GeForce GTX 680 8 1536 3.0 a
GeForce GTX 590 2x16 2x512 2.0 (@)
GeForce GTX 580 16 512 2.0 ('5
GeForce GTX 570 15 480 2.0 ©
GeForce GTX 560 Ti 8 384 2.1 8
GeForce GTX 560 7 336 2.1 ~
GeForce GT 440 2 96 2.1 =
GeForce GTX 480 15 480 2.0 8
GeForce GTX 470 14 448 2.0 (G
GeForce GTX 465 11 352 2.0 =
GeForce GTX 295 2x30 2x240 1.3 -9
GeForce GTX 280/GTX 285 30 240 1.3 é
GeForce GTX 260 24 192 1.3 o
GeForce 210 2 16 1.2 8_
GeForce GT 240 12 96 1.2 o)
GeForce GT 220 6 48 1.2 O
GeForce GT 130 12 96 1.1 q>)
GeForce GT 120 4 32 1.1 o)
GeForce GTS 250 16 128 1.1 Ny
GeForce 9800 GX2 2x16 2x128 1.1 A
GeForce 9800 GTX 16 128 1.1 _8-
GeForce 9800 GT 14 112 1.1 +
GeForce 9600 GSO 12 96 1.1 <
GeForce 9600 GT 8 64 1.1 g
GeForce 8800 GTX/Ultra 16 128 1.0 T
GeForce 8800 GT 14 112 1.1 —
GeForce 8800 GTS 12 96 1.0 o
GeForce 8600 GT/GTS 4 32 1.1 E
GeForce 8400 GS/GT 2 16 1.1
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http://www.nvidia.com/object/personal-supercomputing.html
http://www.geeks3d.com/20110808/nvidia-r280-28-opengl-4-2-support-and-14-new-opengl-extensions/
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U Integrated Development Environment

= We don‘t want to do commandline developing
= | recommend: Windows 7 + Visual Studio 2010

= How to create a Cuda Project in VS

1. Create an empty Win32 console application

2. Add cuda build support

Solution Explorer

oo

3 Solption ‘example_03' (1 project)
4 :'ﬂ examg ..

53 Ext [#¥ Build
[ Hel Rebuild

[] masm(.targets, .props) $(VCTargetsPath)\BuildCustomizations\masm.targets

3 Resg Clean
. Sov Project Only »

Calculate Code Metrics

Profile Guided Optimization ’

Build Customizations...
Add » . -

< 1 | )

References...
&% Class Wizard... Ctrl+Shift+X

| Find Bxisting... || Refresh List [ ok ][ cancel

3. Add your source file(s) to the project
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LL@ Compilation

G. Zachmann

Try to compile your helloworld.cu

" error

__global  function("printFromGPU")

Whats wrong?

calling a  host  function("printf")

Device printf needs Compute Capability = 2.0

Set in VS—Device Properties

example_03 Propert

from a

is not allowed

Configuration: [Active(Debug)

v | Platform: |Active(Win32)

'] [ Configuration Manager... ]

;> Common Properties

General

Debugging

VC++ Directories
a CUDAC/C++

Common
Device
Host

Command Line
i Linker

4 Configuration Properties

Massively Parallel Algorithms SS

< Code Generation

EnefaLe Urony
Generate Line Number Information
Max Used Register
Verbose PTXAS Output

April 2014

compute_10,sm_10

No

I

B
|
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@ Next Try

" helloworld.cu.obj : error LNK2019: unresolved
external symbol cudaDeviceSynchronize@0
referenced in function main

= We need the Cuda runtime library cudart.1lib

= Project Properties

example_03 Property Pages ? ‘ﬁ

Configuration: |Active(Debug)

v ] Platform: | Active(Win hd

onfiguration Manager...

> Common Properties - Add
4 Configuration Properties IgnorcAme i

General Ignore Specific Default Libraries

Debugging Module Definition File

VC++ Directories Add Module to Assembly

CUDA C/C++

Embed Managed Resource File
a Linker

Force Symbol References
IGe”e""' Delay Loaded Dlls
npu? . Assembly Link Resource
Manifest File
L N

= Now recompile and run it!

= Start application with CTRL+F5 to keep command prompt open
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LL@ VS — Command Prompt

= | have an existing VS Cuda-Project and | don‘t see a command
prompt at all

= Project Properties | Linker | System | SubSystem
= change the value to CONSOLE

y " g Y
example_03 Property Pages , M

v] Platform: | Active(Win32)

< SubSystem Console (/SUBSYSTEM:CONSOLE) )

Configuration: [Active(Debug)

» Common Properties

a Configuration Properties inimu
General Heap Reserve Size
Debugging Heap Commit Size
VC++ Directories Stack Reserve Size
b C-UDA C/Ces Stack Commit Size
4 Linker Enable Large Addresses
General -
Terminal Server
Ir\r/\’puf(f 55 Swap Run From CD No
S Swap Run From Network No
Debugging

Siiem | Driver Not Set
Nntimizatinn \
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W Syntax Highlighting

= Currently our code looks like this

__global
void printFromGPU( void )
{
printf( "hello world!\n" );
}

= How to change this:

= See $NVCUDASAMPLES ROOT%\doc\syntax highlighting\
visual studio 8\readme.txt

—Blobal
-lveid printFromGPU( void )

{

B

printf( "hello world!\n" );

= VS still doesn‘t know the keywords and functions
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W VS — IntelliSense for CUDA

= We need the header files the declarations are found in

#include <device launch parameters.h> // cuda keywords
#include <cuda runtime.h> // cuda runtime functions

// your code

= Now we have a pretty good result

__global _
-lvoid printFromGPU( void )

{
L

printf( "hello world!\n" );
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LL@ Debugging ‘&

= Host code (C/C++)
= Set your breakpoint(s) & Start Debugging

Build Debug Team MNsight Data Tools Test Analyze
12 Hint main{ woid ) -

13 | L | ) - Windows 3
@ 14 printFromGPU<<<1,2>>>(); 4 b Start Debugging F5
At helloworld.cu, line 14 ('main( void ), line 2} {% [+ Start Without Debugging Ctrl+F5

%E return 8; k-] Start Performance Analysis Alt+F2

_; ; Sk Attach to Process...

= Nsight: you need at least compute capability 3.0
= Set conditional breakpoint(s) & start CUDA debugging

_ global__

6
7 —:[mid printFromGPU({ wvoid ) t re— - __‘“
8
S e , luild Debug Team  Msight Data Tools Test Analyze Windo
Breakpoint Condition liléJ E
) - (W = i
° ‘When the breakpoint location is reached, the expression is evaluated and the breakpoint T S WlndDW5 .
is hit only if the expression is true or has changed.
| B H ﬁ -
|| Condition: | o | 3 T = E" % Start GPU DEhugglng

threadldix==1

@3 Start CUDA Debugging
% Start Graphics Debugging
i

( ! Start Performance Analysis...

@ Is true

(7) Has changed
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Exercises

= We provide Frameworks with Visual Studio Project files
= Some of them have graphical output

= We use the freeglut library
= How to install freeglut

= Download from http://freeglut.sourceforge.net/

= Set system variable FREEGLUT_ROOT to [installation folder] (e.g.
C:\freeglut)

= Add bin folder to system variable PATH (e.g. C: \freeglut\bin)
= Add include and library path, and freeglut.lib to your Project
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