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ACKNOWLEDGMENT

= My favourite ressource: CUDA Programming - A Developer’s Guide to Parallel Computing with GPUs - Shane Cook,
Elsevier, 2013, ISBN: 978-0-12-415933-4

= |t’s the only resource | found that discussed nicely the hardware part of Cuda.
= Your new best friends:

= CUDA C Programming Guide v9.1 and higher https://docs.nvidia.com/cuda/archive/9.1/pdf/CUDA C Programming Guide.pdf

= CUDA official documentation https://docs.nvidia.com/cuda/archive/10.1/index.html

=  Always check the CUDA version on your system!

= Most of the images in the slides and several codes

= Shamelessly token and adapted from all around the web
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GUACAMOLE

= Your distant computer: https://guacamole.lisa.ulb.ac.be/

= Accessible from ULB’s vpn : https://monulb.ulb.be/en/web/support/-/comment-utiliser-ulb-vpn-

= Connect with your user and password (ask me if you do not have any)

= Select one of the INFO-H-503 sessions

= User: infoh503

= Password: student503

17/02/2023


https://guacamole.lisa.ulb.ac.be/
https://monulb.ulb.be/en/web/support/-/comment-utiliser-ulb-vpn-

TABLE OF CONTENT

=  Write a program for the GPU

= Visual Studio and Exercises

17/02/2023



TABLE OF CONTENT

= Write a program for the GPU
= Your first Kernel
= Spatial structures - Indices

= Memory allocation

17/02/2023



WRITING A KERNEL

=  Functions executed by a thread in the GPU are called Kernels

__global  woid kernel name (float *main memory buffer, ...)

{
ff GPU code for a thread
}

int main() // C++ To remember:
{
ff allocate memory on the GPU and send data - EaCh thread/core exeCUte the SAME
[/ Xemnel cell wnth Morid/block sizet: kernel on each element of the block for
kernel name<<<kblock size, thread per block>>>(L, ...): .
ff BRetrieve results from the GPU memory eaCh bIOCk Of the gnd
}

(C++) use “qualifiers” for the compiler to know the kind of function:

__global__: Kernel executed by a thread but CALLED from the C++ code

__device__: Kernel executed by a thread and called by another thread

__host__: Classic function called and executed on the CPU (NOT MANDATORY)
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HOW TO SOLVE A PROBLEM WITH THE GPU

= Basic idea : A lot of thread will work in parallel, each thread solve a small part of the problem

= \ector addition : each thread add a few element

= Histogram : each thread process the value of one pixel
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SPATIAL STRUCTURES - GRID AND BLOCK SIZES

= We can map a grid over the data we want to process

®  Some problems are not 2D!

= 1D stencil = 1D grid
= Matrix multiplication = 2D grid
= 3D medical image — 3D grid

= Furthermore, in each cell of the grid (a block), we can define it to be in 1D, 2D or 3D!

= For some problems, we can then work with a 3D grid of 3D thread blocks (9D dimensional space!)

=  We need to choose the right structure that match our problem

=  Matrices/images: it is usually useful to work with 2D grids of 2D threads
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To remember:
- <<Kblock, threads>>>();

SPATIAL STRUCTURES - GRID AND BLOCK SIZES kernel calling convention

- dim3 type for dimensions

= Calling a kernel

kernel_name<<<block_size, thread_per_block>>>(A, ...);

You need to select the block_size and the thread_size depending on the problem!

= dim3 block_size(512, 128, 1); // C++ 2D grid with 512 x 128 cells

= dim3 thread_per_block(10, 10, 1); // C++ 2D block size of 10 X 10 = 100 threads per cell of the grid
If the problem is not a multiple of the possible grid dimensions, a good strategy is to use

= block_size.x = x_size / thread_per_block.x + ((x_size % thread_per_block.x) == 0 ? 0:1); \

Kernel<<<4, 3>>> In 1D this formula is:
Int Threadsyer piock = 512;
- crid gr!dDim.x 4
gridDimy : 1 N+(Threadsper plock —1) .

blockDim.x : 3 int Nblocks — ’
- Block blockDimy : 1 ThreadsSper block

Thread 17/02/2023




SPATIAL STRUCTURES - GRID AND BLOCK SIZES
CUDA Grid

blockldx (0,0) blockldx (1,00 blockldx (2,00
: : e : 5
= How a kernel can possibly know its position in the grid and the block [eo]aoleo] [eo[noea]  [eofco]ea
= |n a kernel you have acces to: % 1] 0n|en § 1] 0|2 é 1] 0.1|@1
k) k] k]
= gridDim : a 3D vector which contains the dimensions of the grid “loalnalenl “lenlolen T lonloale
(depends on how you call the kernel) = how many blocks in the grid
blockDim.x blockDimx blockDim x
= blockDim: a 3D vector which contains the dimensions of a block in the grid blockldx (0,1) blockldx (1,1) blockldx (2,1)
(depends on how you call the kernel) = how many threads per block
_|eo|0o|eol |00 0.0 20| |00/ 0,0/ @20)
= E E E
I= Slen|on|en| 8lenjon|en| 8lonjon|en
= blockldx : a 3D vector which contain the position of the block in the grid o 2 3 2
2 ©0,2)| 0,2 (2,2 0,2 (1,2) | 2,2) 0,2)[ 1,2 | 2,2)
) . : " L =
= threadldx: a 3D vector which contain the position of the thread within a block - - oD
blockldx (0,2) blockldx (1,2) blockldx (2,2)
= All those variables you can access the .x, .y and .y components o | @O (RO 200 1(0.00) (1O 2,01 (0.0 (1.0} (2,0)
= Eg: blockldx.x, blockldx.y, blockldx.z % CRVIRURVI R R § 10| é 1[0
2 2 2
©0,2)| 0,222 0,2 (1,2) | 2,2) (0,2) [ 1,2 | 2.2)
To remember: i blockDim.x blockDim.x blockDim.x
- gridDim, blockDim < gridDim x

- blockldx, threadldx 17/02/2023



SPATIAL STRUCTURES - GRID AND BLOCK SIZES

= How a kernel can possibly know its position in the grid and the block?

Global Thread ID
= 1D grid of 1D threads: o

oft]2]34]s5)el7z1s8|9ofofifi2)i3]i4)is]ief17|i8)19]20]21]22]23|24|25|26]|27]28]29]30
n =i .

To access an element - Linear transform: threadldx.x threadldx.x threadldx.x threadldx.x

= intidx = blockldx.x * blockDim.x + threadldx.x ol lal:s el Tol i 2 Telslel7 ol ol als el 10l 213 2l e
How many blockldx.x =0 blockldx.x = | blockldx.x = 2 blockldx.x = 3
threads in a
block gridDim.x = 4096
A
( \
threadldx.x threadIdx.x threadIdx.x
Of11213)...1255101112131...1255]1011]2§31...]1 255 i O111213]..1255
. ) A J \ J
v Y Y
blockIdx.x = © blockIdx.x = 1 blockIdx.x = 2 blockIdx.x = 4095

index = blockIdx.x * blockDim.x + threadIdx.x

index (2) *  (256) + (3) = 515



SPATIAL STRUCTURES - GRID AND BLOCK SIZES

CUDA Grid

Y
blockldx (0,0) blockldx (1,00 blockldx (2,00
= How a kernel can possibly know its position in the grid and the block?
p y p g - 0,00 [ (0,00 (2,0 - 0,0 0,00 2,0 - 0,0 [ 0,0 2,00
= Higher dimensions are similar % N[00 § n0n|en é ulon|n
2 2 2
@2y 0,2 (2,2) @2y .22 20,222
blockDim.x blockDim.x blockDim x
= 2D To access an element - Linear transform: blockid (0,1) blockldx (1,1) blockidx (2,1)
= intidx = blockldx.x * blockDim.x + threadldx.x > = il S ] N et i i N il Bl Bl
Slon|lonlen 8lon|lonlen| 8lon|on] @
= intidy = blockldx.y * blockDim.y + threadldx.y £ -0 I R - e - B e
ie] "ol | “ealonlen < onlo.z 2
= int width = blockDim.x * gridDim.x; 5 vt it O o] i O it
blockDim.x blockDim.x blockDim x
= int global_idx = idy * width + idx; // 1D linear access blockidx (0,2) blockidx (1,2) blockldx (2,2)
. 0,00 [ (0,0 (2,0 - 0,0 0,020 - 0,0 (0,0 2,00
. . . § 00 0,021 é @ 00 & é o &N
= Indexing are one of the main sources of bugs in CUDA! s 3 3
0,2) [0, 2)] (2,2) 0,2) 00,2 (2,2) 0,2) (0,2 (2,2)
®  Think about them carefully oD oD ElockDim e
A4
< gridDim.x
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MEMORY ALLOCATION

You need to transfer arrays between the GPU and the CPU

before and after calling a kernel

Always use the same convention!

= d_name for pointers to the GPU

= h_name for pointers to the CPU

WARNINGS:
= This code DO NOT CHECK ANY ERROR

= Note the direction of the copies in cudaMemcopy

= You need to “cudaDeviceSynchronize” to be sure the kernel has
finished before continuing the execution of the c++ code

. |
int main()

const int arraySize = 5;
const int h in[arraySize] = { 1, 2, 3, 4, 5 };
int h out[arraySize] = { 0 };

// Always use "d " for pointers to GPU memory !
"'l"'l Ild_ll — Ifdevicelf

int *d in = 0;

int *d out = 0;

// Choose which GPU to run on
cudaSetDevice () ;

// Allocate GPU buffers for in and out
cudaMalloc ((vold**) &d out, arraySize * sizeof(int));
cudaMalloc ((void**)&d in, arraySize * sizeof(int)):;

// Copy input wvector from host memory to GPU buffers.
cudaMemcpy(d in, h in, arraySize * sizeof(int),
cudaMemcpyHostToDevice) ;

// Kernel call
kernel<<block size, thread per block>>>(d out, d in);

// cudaDeviceSynchronize waits for the kernel to finish,
// and returns any errors encountered during the launch.
cudaDeviceSynchronize () ;

// Copy output wvector from GPFU buffer to host memory.
cudaMemcpy (h out, d out, arraySize * sizeof(int),
cudaMemcpyDeviceToHost) ;

return 0; 17/02/2023



MEMORY MANAGEMENT WITH CORRECT ERROR HANDLING:

int main()

{

cudaError t cudaStatus;

const int arraySize = 5;

// Always use "h " for pointers to CPU memory !
const int h in[arraySize] = { ., 2, 5, 4, 5 };
int h out[arraySize] = { 0 };

// Always use "d " for pointers to GPU memory !

// "d_" = "device"
int *d in = 0;
int *d out = 0;

// Choose which GPU to run on, change this on a multi-GPU system.
cudaStatus = cudaSetDevice () ;
if (cudaStatus '= cudaSuccess) {

fprintf (stderr, "cudaSetDevice failed! Do you have a CUDA-capable GPU installed?");

goto Error;

}

// Bllocate GPU buffers for in and out .
cudaStatus = cudaMalloc((void**)&d out, arraySize * sizeof(int)):;
if (cudaStatus '= cudaSuccess) {

fprintf (stderr, "cudaMalloc failed!");

goto Error;

}
cudaStatus = cudaMalloc((void**)&d in, arraySize * sizeof(int)):
if (cudaStatus '= cudaSuccess) {
fprintf(stderr, "cudaMalloc failed!");
goto Error;
}

It's extremely important that you check your code
The base code in Visual Studio already has error
handling, Do not use this slide as reference,

// Copy input vector from host memory to GPU buffers.
cudaStatus = cudaMemcpy(d in, in, arraySize * sizeof(int),
cudaMemcpyHostToDevice) ;
if (cudaStatus !'= cudaSuccess) {
fprintf (stderr, "cudaMemcpy failed!"});
goto Error;

}

// Kernel call
kernel<<block_size, thread per block>>>(d _out, d_in);

// Check for any errors launching the kernel
cudaStatus = cudaGetLastError() ;
if (cudaStatus '= cudaSuccess) {
fprintf (stderr, "Kernel launch failed: %s\n
goto Error;

, cudaGetErrorString(cudaStatus));

}

// cudaDeviceSynchronize waits for the kernel to finish,
// and returns any errors encountered during the launch.
cudaStatus = cudaDeviceSynchronize () ;

if (cudaStatus '= cudaSuccess) {

o

fprintf (stderr, "cudaDeviceSynchronize returned error code %d after launching addKernel!\n",

goto Error;

}

// Copy output vector from GPU buffer to host memory.
cudaStatus = cudaMemcpy(out, d _out, arraySize * sizeof(int),
cudaMemcpyDeviceToHost) ;
if (cudaStatus '= cudaSuccess) {
fprintf (stderr, "cudaMemcpy failed!"):

goto Error;

}
Error:

cudaFree(d _c);

cudaFree(d_a);

cudaFree(d b);

return cudaStatus;
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INSTALLATION - HOW TO USE CUDA

= Computer in the PC rooms : everything is already set up !

= |f you want to do the lab on your own computer, you need :
= Nvidia GPU

m  Visual studio : https://visualstudio.microsoft.com/fr/vs/community/

= Cuda development tools : https://docs.nvidia.com/cuda/cuda-installation-guide-microsoft-windows/
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EXERCISE - LET'S SEE THE POWER OF CUDA

= Copy the zip Z:\INFO-H-503 2021\v10.1.zip to your desktop and UNZIP it

i |
= Goto the folder v10.1/bin/win64/Release in the Desktop Look at all the examplesfln the folders! They
can be extremely useful for the project! Eg:
= Execute and play with the examples: boxE] . y pro) &
u oxFilter.exe _ Convolutlons
®  FluidsGL.exe =  stereoDisparity.exe S
= Mandelbrot.exe ) can
u oceanFFT.exe _ Dot prod ucts

= MarchingCubes.exe
L] particles.exe

= simpleD3D10RenderTarget.exe - Matrix multlpllcatlon

. L] postProcessGL.exe
= simpleD3D10Texture.exe

= simpleGL.exe = randomFog.exe All the solutions for the exercices can be
=  volumeFiltering.exe "  recursiveGaussian.exe found here!
- volumeRender.exe L] VFlockingD3D10.exe

= DilateralFilter.exe
= Their code is available in the main folder « v10.1 », you can open the Visual Studio 2019 solution and look at the code

= [f you are doing the lab on your own computer, sample are available here : https://github.com/nvidia/cuda-samples
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VISUAL STUDIO - LET’S MAKE A PROJECT VisualStudio

Bienvenue !

. . Connectez-vous a tous vos services de
l Look for this software in the computer .
7] développement.
II'IIIEU;:.-J;:IEJE“D Connectez-vous pour comimencer @ utiliser wos crédits Azure, publier

du code dans un dépdt Git privé, synchroniser wos parameétres et
déwverrauiller I'IDE,

Pourquol dais-je me connecter 3 Yisual Studio 7

SE connecter

You can use your personal account to log in
If you do not have one, you can create one

Pas de compte 1

he reproposer ultérieurernent
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VISUAL STUDIO

Visual Studio 2019

Quvrir les éléments récents

Quand wous utilisez Visual Studio, tous les projets, dossiers ou fichiers que vous ouvrez s'affichent ici
pourvous permettre d'y accéder rapidement,

Wous pouvez épingler tout ce que vous ouvrez fréquernment pour ['afficher toujours en téte de liste,

Démarrer

2%, Cloner un dépét

Obtenir du code 3 partiv d'un dépdten ligne, par
exernple GitHub ow Azure DewOps

"’@ QOuvrir un projet ou une
solution

Ovrerir un projet ou un fichier sln Yisual Studio
local

-, Ouvrir un dossier local

Maviguer parmi du code et le modifier dans
n'importe quel dossier

Créer un projet

Chaisir un modéle de projet avec génération de
modéles autormatique de code pour bign
dérmarrer

Continuer sans code =¥
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VISUAL STUDIO

Créer un projet

Modéles de projet récents

B} cupz 101 Runtime

Rechercher des modéles (Alt+3) P~

Tous les langages - Toutes les plateformes - Tous les types de projet -

LI~ Utilisezvatre propre systérne de compilation pour carmpiler en C++,
C++ Windows Bureau Console Eibliothégque
ﬁ“ Prajet de test unitaire natif
Ecrivez des tests unitaires C++ 3 l'aide du framework Microsoft CppUnitTest natif,

C++ Windows Test

:: Google Test
Write C++ unit tests using Google Test. Includes a copy of the Google Test library for
use,

T4+ Windows Test

CUD& 10.7 Runtirne
& project that uses the G

P15, 10,7 runtirme

0 “E Bibliothéque de liens dynamiques avec exportations (DLL)
a3

Générez un fichier .dll qui peut &tre partagé entre plusieurs applications Windows en
cours d'exécution,

Wous n'arrivez pas a trouver ce que wvous cherchez 7

‘ Retol( | ‘ Suivant
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VISUAL STUDIO

Configurer votre nouveau projet

Ma ke a folder On the CUDA 11.2 Runtime T4+ DA windows Linwe Cloud Console DataScience Bureau Machine Learnin g
desktop to easily ‘N:::::f:; |
regroup your projects R ———

‘ D:\Users\lNFO-H-@\Desktop\PROJECTSStudentName\ ) "

\/

Mo de la solution @

‘ ProjectMarme ‘

I:‘ Placer la solution et le projet dans le méme répertaire

| think you can use
GIT on the computers
to version your code.
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DEBUG VS RELEASE CONFIGURATION

Debug = xb4 = P Débogueur Windows lacal v|

Debug

Release _
| Gestionnaire de configurations... 'I {Partée globale)

= Debug: 12 c[i] = a[i]
® 1s I
= Program slow to execute R
= You can use the DEBUGGER when you start the software
m  Set break points in the C++ code
Wariables locales
= Use : . m | > ¥ 2 1| tolook atthe code line by line or function by function Rechercher (Ctrl+E) P~ Brofandewr c
= You can explore the values of the variables in the « variables locales » panel MNorn Valeur | Type
= a J| const int[5]
. El arraySize 450218032 constint
H
Release: b @ b (e DO0D00ACADDFFLFO L0, 0, ... const int[5]
: . . b @ cC 0w 0000004 A00FFc 2040, 0.... int[5]
= The code is optimized, it run full speed @ cudaStatus 32750 cudaErrar

= To check the real speed of your application you need to set it to release

Sutornatique RENEII RIS Eipicn 1
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EXECUTE YOUR CODE

You should have a base code for the addition of two vectors
Read it carefully
Compile one time in Debug and one time in Release

We will use it with all other profiling softwares

Execute |t Debug - =64 ~( p Débogueur WWindows lacal -

B Console de débogage Microsaft Wisual Studio

= {11,22,33,44,55}

Sortie de D:wUsershIMNFO-H-583%DesktopyPROJECTSStudentamesyProjectamehxgdhDebughPFrojectlame.exe {processus 24196)

8.

This base code is your
starting point for all the
exercises

Play with it!

. Code

Four fermer automatiquement la console quand le débogage =s'arréte, activez Cutils->COptions-»Débogage-»Fermer automatique
ent la console & l'arrét du débogage.
ppuyez sur une touche pour fermer cette fenétre. . .

17/02/2023



DEBUGGING INDICES - WHEN YOU ARE IN TROUBLES

Memcheck everything !

= Use cuda-memcheck tool

= Check GPU memory related errors

Out-of-bound (global, shared, local)
Misaligned (global, shared, local)
Stack exceeded

Leaks which cannot be freed

=  $cuda-memcheck [options] kernel.exe

Compile your code in DEBUG mode (nvcc kernel.cu -g -G or | Debug ~  AnyCPU - b satv| )

Important options:

-b/--blocking Use blocking launches

-c/--continue Try to continue on memory access violations
-h/--help Help menu

-I/--leakcheck show leak info for static allocations

Way more on
-  https://docs.nvidia.com/cuda/cuda-memcheck/index.html
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Extensions

Fenétre  Aide Fechercher (Ctrl+ ) P ProjectMare

Msight r Mifindows
[ Gérerles extensions Start CUDA Debugging (Mext-Gen)

Start CUDA Debugging (Legacy)

2

TO USE MEMCHECK

Personnaliser le menu...
s globale]

Break On Launch
Enahle CUDA Mernory Checker

Cptions..,
Dewveloper Tools Available For Integration...

Help

ed int size);

= |n DEBUG

Pararmétres d'exception

Y | g= Rechercher (Ctrl +E)

= Activate the CUDA memory checker

Arréter en cas d'exception lewvée

b W C++ Exceptions

b [ Common Language Runtime Exceptions

A GPU Mernor Access Exceptions

< Tous les GPU Mernory Access Exceptions ne figu
(Gt 00Q0000T Detect uninitialized data

(b 00Q0000Q5 Detect read after write hazards

e 0000006 Detect write after read hazards
00000007 Detect write after write hazards
00000003 Detect read after write hazards across
Gt Q0Q0000b Detect write after read hazards across
Gt 000000 Detect write after write hazards across
b (W lawva Exceptions

®  Activate the exceptions for CUDA
=  |Look at the output

= More info:

m  https://docs.nvidia.com/cuda/cuda-memcheck/index.html

NENANNNNENEN

Warning : Lab’s PC have cuda 10, for cuda 12 memcheck is deprecated, use compute sanitizer
instead : https://docs.nvidia.com/cuda/compute-sanitizer/index.html

Pile des appels = Points d'arrét WEEIClalE st N-sdaTalaly]
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] 9 F__glebal  weoid addiernel{int *c, const int *a, const imt *b)

1@ {

TO DEBUG A KERNEL 2 o] = oLie] + oiee);

13 T

Extensions

Fenétre  Ajde Rechercher (Chrl+27

P CUDATDTF

Msight ]

l] Gérer les extensions

Personnaliser le menu..,

= |n DEBUG mode

= Set break points in the kernel

= Start the CUDA Debugger

= Examine values

Bl = & &

Wifi o ones

Start Graphics Debugging

Start CUDA Debugging (Mext-Gen)
Start CUDA Debugging (Legacyd I
Start Performance Snalysis..,

Enable CUDA Mermoary Checker

Clear Baselines

obal
10 !
=+ 11 int idx = threadIdx.:x;
© 12 c[idx] = a[idx] + bB[idx];
13 T

F

wold addiernel(int *c, const int *a, const int *hb)

E® threadlds {x=0,v=0z=0}
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TO DEBUG A KERNEL

= By default the CUDA debugger breaks at:

= threadldx = (0, O, 0);

= But you may want to check other threads

= Right click on your breakpoint and select: Conditions (Alt+F9, C)

ﬂ_. 11 | const int id

@ Supprimer le point d'arrét
@ Désactiver le point d'arrét
Conditions...
Actions...
Modifier les étiquettes...

¢ Exporter..

Ctrl+F9

Alt+F9, C

Alt+F3, L

= blockIdx.x * blockDim.x + threadIdx.x;

ix] + b[idx];

= You can now create conditional breakpoints exploiting the kernel’s variables values (threadldx, blockldx, or any other!)

Emplacement : kernel.cu, ligne : 11, doit correspondre & la source

Conditions

Expression conditionnelle

Ajouter une condition
|:| Actions

-

Est vrai

+ threadldx.x == 4 && threadldx.y = 2|
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NSIGHT - EASIER MENU ACCESS

= VS2019 moved the NSIGHT menu to Extensions

= We can move it back to the main menu bar

ge Git Projet Générer Déboguer Test  Analyser | Outils

Obtenir les cutils et fonctionnalités...

Connexion 3 |a base de données...

-
4
L4

Connexion au serveur...

O omi

Gestionnaire des extraits de code... Ctrl+k, Ctrl+B
Choisir des éléments de |a boite a outils...

Gestionnaire de package MuGet 4
Create Guid

Errlock - Recherche d'erreurs

Spy++

Outils externes...

Ligne de commande r
Importation et exportation de paramétres...
Personnaliser...

£} Options...

MECINM oo TrSsS SOCIh oy NS Iene o v Isgar rrorr

1) Tools > Customize

Barres d'outils | Commandes | Menu Extensions

Par défaut, Visual Studio réduit I'encombrement ¢
dans le menu Extenszions. 5i vous effacez une séle
menu de I'extension correspondante sont placés

Eléments de menu dans le menu Extensions :

B Nsight

2) Extensions Menu > uncheck Nsight

| Enregistrer et redémarrer |

3) Save and restart

Projet  Générer Déboguer Ta_t

-| Debug - x64 ~ P Débogue

You should now have
the Nsight menu
which contains the
CUDA debugger!
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PROFILE THE EXECUTION TIME OF THE KERNELS

Look for this
H

al Profiler

) Exécuter en tant qu'administrateur
) Partager avec Skype
Résoudre les problémes de compatib
Désépingler de I'écran de démarrage
T-Zip
CRC SHA = Right click § Workspace Launcher

Edit with Motepad++ Select a workspace
Analyser avec Microsoft Defender... u RU n as Admln IStratOF isual Profiler stores temporary files in a folder called aworkspace,

Choose aworkspace folder to use for this session,

@ e

Epingler a la barre des taches /__—\
Restaurer les versions précédentes - SeleCt a WO rkspace I N you r fo | der Mop\PROJECTSStudentName\temp ) V| Browse..,
\/

Envoyer vers

Couper

Copier [F] Use this as the default and do not ask again

Créer un raccourci Cancel

Supprimer

Renommer

Propriétes

Yisual Profiler | Msight Cormpute
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VISUAL PROFILER

‘. MWD Visual Profiler

File

L

E/

Wiew Window Help

Mew Session Ctrl +
Open... Ctrl+0
Clone Zession Ctrl +5hift+C
Save Ctrl+35
Sawe &,

Save Al Ctrl +5hift+5
Irmpart... Ctrl+|
Exit

‘, Create Mew Session

Executable Froperties

Set executable properties

VISUAL PROFILER

Create a new session

Select your exe in debug mode

Connection: |L|:u:a|

V| | hanage connections.., |

Toolkit/Script:

| CUD& Toolkit 11.2 (CiProgram Files/NWIDIA GPU Camputing Tuulkltm | kanage...

File: | DvUsershIMFO-H- SDBRDesktu:up\l:'FlOJECT'SStudentName\Pru:uJectNan‘»%ﬁdl‘\Debug\PmJectName exe Z Browvse..,

Warking directong: | Enter weorking directory [optional]

| ‘ Browvese... |

Argurnerts: | Enter cormrnand-line arguiments

|F'r|:|file child processes

Ervironment: Marme “alue

ck

17/02/2023



VISUAL PROFILER

Select useful things
= Like memory allocations

Finish

| ‘. Create Mew Session

Profiling Options
Zetthe profiling options

Profiling Options  Timeline Options

Execution timeout: | Enter maxirmum execution timeoutin seconds [optional]

secands

Start execution with profiling enabled
Enable concurrent kernel profiling
Enable CUDA AP tracing in the timeline
[ ]Enable power, clock, and therrmal profiling
Enable unified mermoaory profiling
Use fized width segrments for Unified memaory timeline

specify the number of segments for unified memory timelines [default 100] |

[“]iTrack memory allacations:
Rep ey ect events and metrics [not supported with multiprocess profiling]

Profile execution on the CPU [not supported with multiprocess profiling)

pgexplainsml:

Brovse,.,

Enable OpendCC profiling [only supported on Linwx 8684 and ppcoidle]

Enable OpentAP profiling [only supported on Linws 86 64 and ppctdle]

Enable CPU thread tracing [only supported on LinwxMac 05K 8664
Run quided analysis

ﬂ.rhmnrnrl

< Back Dlexct




VISUAL PROFILER

Look at the timeline and select your kernel(s)

In the menus, you can explore the execution time, occupancy, etc. of your kernels

= An@: 4 GPU Details (.. &2 @CF‘U Details | [To] OpentCC D, | [T5] OpenMP Det... | Bl Console | T Settings. = O || B Properties 22
[=] Process "ProjectMarme,exe” (21656 T— S | oz 2 % 7| addKernellint®, int const *, int const *)
[=| Thread 25064 Marne Irwocations Mg Duration Regs  Static SMemn Swg, Dynamic Sherm
L Runtime APl l { addEernel(int™, int const™, int const™ 1 3,552 ps 11 a oi
L Drriver AP

L Profiling Owverhead
[= [0] GeForce GTX 1080 Ti
[=] Context 1 [CUDA)
L SF mMemCpy [HtoD)
L 5F MemCpy [DtoH)
[=] Cam
L 5F 1000 % addEernel(i...

[=] stF

L Default

Diuration

Strearm

Grid Size

Block Size
Registers/Thread
Shared Mermorg/Block
Launch Type

w Dccupancy
Theoretical

Shared Memaory Config

Shared Memory Exe
ared Mernory Bar

17/02/2023

2608338,
260,8374...
3,552 ps
Default
[1.1,1]
[5,1,1]

11

0B
Mormal

a0 %
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NSIGHT COMPUTE - A VERY POWERFUL DEBUGGER

..? = Look for this: C:\Program Files\NVIDIA Corporation\Nsight Compute 2019.3.0\host\windows-desktop-win7-x64\nv-nsight-cu.exe
B

g = RUN AS ADMINISTRATOR

® NVIDIA Nsight Compute

d files used by NYIDIA Msight Campute will be shawn @ Create new project bt

sz on launch,
Name: projectMame

Locakion: ROIECTSStudentMame)/compute

Create Directory: v

Cancel

Creake Mew Project

Load Project

Load an exisking praject File From
disk.

Load Project 17/02/2023




NSIGHT COMPUTE

Find your executable in DEBUG mode

@ Connect to process

Target Platform

M Lin Ay

Connection: |

Launch Attach

Application Executable:
Working Directory:
Command Line Arguments:

Environment:

1D APT call k 0PI i el launches, all GPU

Enable N¥TX Support:

Disable Profiling Start/Stop:

Enable Profiling From Start:

Cache Control: Flush All
Clock Control:

Import Source:

Launch

e ——



(B> Disconnect X Terminate S D 4 e 9 9] r G G

API Skream x
21100 = cubriverGeth'ersion - £ = al - Export ko CSY

MNext Trigger:

D AP Mame Details Func Return Func Parameter Start  Duration Quewed Submitted
-+ 1 cubriveraetversi.. (EX1eAREZ1BSCa{ A )
= The debugger should start in PAUSE mode
= Set Profile > Auto Profile
Sections/Rules Info x
File Conmection Debug Profile Tools  Window  Help =
Section Sets * g Reload
Disconne
Auto Profile Enter Filter
&PT Stream : : . =
: : Sections/Rules Infa Marme Sections letrics
16760 = cubriverGetYersio. . ; ; ;
W ccustom: cee Sections/rRules wiew for details
Mexk Trigget:
2 default Launchstats,0ccupancy, SpeedofLight 36
] AP Mame Details Func Return Func Parameter ource S -
- 1 cubriverGetversi. (B0 eed2taaca{a hl

Sections/Rules Info APT Skatistics MWTE Resources




NSIGHT COMPUTE

Untitled 1 *
= clickon RESUME TINEGEGEEN o
= |F NOTHING HAPPENS YOU DID NOT START THE SOFTWARE IN ADMINISTRATOR cy Summen

Laun 5qrce

= |n «Session » you can look at all the characteristics of your GPU

Execu Comments

= |n « Details » You can inspect the workload of your kernel

= SPEND TIME TO FAMILIARIZE YOURSELF WITH THE MENUS

= |n «Source » You can inspect which instructions take the most of the execution
time! (SUPER IMPORTANT)

#  Source Live Reqgisters  Sampling ... Instructio... Predicated-0...  Memory Access 0.
782 _global__ nt +c, () [0
a3 | 8
754 ide = threadId:.x; i 4
785 c[idk] = a[ick] + b[idk]; I | -

786 } i 1|

782 _ global

i = threadId:.x;
c[ids] = a[ddx] + b[idx];

Way more info hidden, use this slider!
17/02/2023



NSIGHT COMPUTE

" |n«Summary », you can quickly see
= How much block and threads where used
= How much time a kernel take

= How close you are to using the full capacity of the GPU

Page: Summary

Result
Current 561 - addKernel (16384, 1, 1)x(64,1,1) 41

*  Result: 0- 5671 -addKernel

t3 @ Doubleclick a result to see detailed metrics.

D

Issues Detected

Function Name
Demanagled Name
Process

Device Name

Grid Size

Block Size

Cycles [cycle]

Duration [usecond]
Compute Throughput [%]
Memory Throughput [%]
# Registers [register/thread]

0

8

addKernel

_* const int *, int, int)
[32440] dataGPU. exe
_l1A GeForce RTX 3090
16384, 1, 1

64, 1, 1

27.138

4211

4488

28,74

16

17/02/2023

T




EXERCISE - GPU DEVICES

int nDevices;
cudaGetDeviceCount(&nDevices);
printf("Number of devices : %d \n", nDevices);

for (int i = 0; i < nDevices; i++) {
cudaDeviceProp prop;

= Create a new CUDA project in Visual Studio cudaGetDeviceProperties(&prop, i);
_ _ _ printf("Device number: %d \n", 1i);
u Obta|n the propertles Of yOU GPU deV|Ce prj_nt-F(" Device name: %s\n" , prop. namej;

printf(" Compute Capability: %d.%d\n", prop.major, prop.minor);
}

= Check what other information you can access : https://docs.nvidia.com/cuda/cuda-runtime-
api/group CUDART _DEVICE.html#group CUDART DEVICE 1g1bf9d625a931d657e08db2b4391170f0

= Afew interesting things you can look up : number of thread per block, max size for a block/grid, amount of
global/shared memory available, ...

2/17/2023


https://docs.nvidia.com/cuda/cuda-runtime-api/group__CUDART__DEVICE.html#group__CUDART__DEVICE_1g1bf9d625a931d657e08db2b4391170f0
https://docs.nvidia.com/cuda/cuda-runtime-api/group__CUDART__DEVICE.html#group__CUDART__DEVICE_1g1bf9d625a931d657e08db2b4391170f0

EXERCISE - UNDERSTANDING INDICES

= Replace the code in kernel.cu with the code in grid_block_and_threads.cu

= Read the code and play with visual studio:
= Profiling
=  Debugger
= CUDA kernel debugger

= Execution times

= What does this kernel do?

= |f you change ARRAY_SIZE to something bigger than 128 what happens?

= How can you solve this problem?

= |sthere an automated way?

=  What you should always do and it is not done in this code?

2/17/2023



BASIC APPLICATION: VECTORADD

__global  void vectorAdd(int* c, const int* a, const int* b)

{

a = (agp,as,"**,ar, Ar1, ", Az, "+, AN) .
b = (bOIbll...IbT’bT'l'l’...’bZT’.."bN) {
a+ b - (aO + bO; al + bli'"JaZT + bZT)

BLOCK 01

| DON'T CHECK CUDA ERRORS IN THE
SLIDES BUT YOU SHOULD b

. Main focus

Visual Studio Base Code

Kernel

int tx = threadIdx.x;
cltx] = al[tx] + b[tx];

main (void)

const int arraySize(S);
const int al[arraySize]
const int blarraySizel]
int clarray5ize] = {0};

RAM allocation

int
int
int

*dev a
*dev b
*dev c 0;

Pointers to VRAM

cudaSetDevice (0) ;

cudaMalloc ((void**)&dev c, arraySize * sizeof(int));
cudaMalloc((void**)&dev _a, arraySize * sizeof(int));
cudaMalloc ((void**)&dev b, arraySize * sizeof(int));

VRAM allocation

q

cudaMemcpy (dev_a, a, arraySize * sizeof(int),
cudaMemcpy (dev_b, b, arraySize * sizeof(int),

cudaMemcpyHostToDevice) ; RAM 9 VRAM

cudaMemcpyHostToDevice) ;

dim3 block size(l); // (1, 1, 1)
dim3 thread size(S5); // (5, 1, 1)
vectorAdd<<<block size, thread size>>>(dev c,

Kernel Lunch

dev_a, dev b);

cudaDeviceSynchronize () ;
cudaMemcpy (c, dev _c, arraySize * sizeof(int),

cudaMemcpyDeviceToHost) ; VRAM 9 RAM

return ;



BASIC APPLICATION: VECTORADD

Let’s change the number of elements

Does this work?

const int arraySize =|.000;

int al[arraySize]l = { 0 };

int bl[arraySize]l = { 0 };

for (int 1 = 0; 1 < arraySize; ++1i) { We need to adapt
alil = 1 _ _ the code for 2000
b[1] = arraySize - 1i;

} elements

int cl[arraySize]l = { 0 };

A

dim3 block size(l),; // (1, 1, 1)

[dim3 thread size(arraySize);:|// (1000, 1, 1) From (5,1,1)

vectorAdd<<<block size, thread size>>>(dev c, dev a, dev b);
F L]

for (int i = H00; i < 510 i++) {
printf("sd\n", cl[i]):
}

17/02/2023



BASIC APPLICATION: VECTORADD

= Does this work?

n 1 On some GPUs

CUDA 10,1 Runtime...pture_000.nvreport 1 3¢ BV NPT of

@ | CUDA Devices - ||

Cuda Device |D [Address] [O] [Dx0]

Device ¥ | GPU 0 - GeForce GTX 1080 Ti
Process CUDA 10.1 Runtimel.exe [21948]
WAX_THREADS_PER_BLOCK 1024

MAX_BLOCK_DIM_X 1024 I
TAPA BLOICE DI 024

MAX_BLOCK_DIM_Z 64

WAX_GRID_DIM_X 2147453647

MAX_GRID_DIM_Y 65535

MAX_GRID_DIM_Z 65535

MAX_SHARED MEMORY_PER_BLOCK 44152
TOTAL_COMSTANT_MEMORY 65536

WARP_SIZE 32

MAX_PITCH 21474836847
| WAX_REGISTERS_PER_BLOCK 65536

= We can allow up to 1024 threads/block
= And 1024 threads in the x direction

=  We were using 1 block

=  What happens if we have more
than 1024 elements ?

= {0}
= {0}

const int arraySize =
int al[arraySize]
int b[arraySize]
for (int 1 =

ali] = 1i;

b[1] = arraySize - 1i;
}
int cl[arraySize]l = { 0 };
A

dim3 block size(l); // (1, 1,
[dim3 thread size(arraySize);:|//

0; 1 < arraySize; ++1) {

1)

(1000,

1,

1)

We need to adapt
the code for 1000
elements

From (5,1,1)

vectorAdd<<<block size, thread size>>>(dev c, dev a, dev b);

A1 Teen]

i< 510;

clil):

for (int 1 = LS00;
printf ("sd\n",
}

i++) {

17/02/2023



BASIC APPLICATION: VECTORADD

=  What happens if we have more
than 1024 elements ?

= We need to add more blocks

CUDA 101 Runtime. . pture_000.nvrepart & 3¢ [ NOveTi

@ | CUDA Devices > ||

Cuda Device |D [Address] [0] [Ox0]

Device v GPU O - GeForce GTX 1080 Ti
Process CUDA 10.1 Runtimel.exe [21948]
MAX_THREADS_PER_BLOCK 1024

MAN_BLOCK_DIM_X 1024 I
AR BLOCR DI s

LA ELOCK DIV Z £

mAX_GRID_DIM_X 2147453647 I
MAX_GRID_DIM_Y £5535

MAX_GRID_DIM_Z £5535
MAX_SHARED_MEMORY_PER_BLOCK 45152
TOTAL_COMSTANT_MEMORY 65536

WARP_SIZE 32

MAX_PITCH 2147483647
MAX_REGISTERS_PER_BLOCK 65536

= |uckily: We have a very big number of
available blocks! (MAX_GRID_DIM_X)

= Does this work?

const 1int arraySize =| 0450,
int aflarraySize] = { U };
int blarraySize] = { U };
for (int 1 = U; 1 < arraySize; ++1i) {
al[i]l] = 1i;
b[1] = arraySize - 1i;

More elements

}
int clarraySize] = { 0 };
[/ [...]

[dim3 block size ()] /2, 1, 1) From (1, 1, 1)
dim3 thread size(1024);] // (1024, 1, 1) From (1000,1,1)
vectorAdd<<<block size, thread size>>>(dev c, dev _a, dev b);
FLees]

for (int i 5 1500; i < 1510 i++) {
printf ("sd\n", c[i]):

}

17/02/2023



BASIC APPLICATION: VECTORADD

= Does this work?
= No:(

= We need to adapt the kernel to use
all the blocks

= Remember:
Threads start at O in every block

= How to adapt to any vector size?

blockldx.x =0
blockDim.x = 1024
threadldx.x € [0,1023]

blockldx.x =1
blockDim.x = 1024
threadldx.x € [0,1023]

blockldx.x * blockDim.x=0 blockldx.x * blockDim.x = 1024

const int arraySize =|204c;

int alarraySize]l = { 0 };

int blarraySize] = { 0 };

for (int 1 = U; 1 < arraySize; ++1i) {
ali] = 1i;
b[i] = arraySize - 1i;

}

int clarraySize]l = { 0 };

[7 [ea]

dim3 block size(Z); S22, 1, 1)

[dim3 thread size(l024) ;| // (1024, 1, 1)
vectorAdd<<<block size, thread size>>>(dev c, dev a, dev b);
/L]

for (int 1 o001 < 15107 i++) |
printf("sd\n", cl[i]):
}
__global  wvold wvectorAdd(int* c, const 1nt* a, const 1nt* b)

#threads (1024)

int idx =|blockIdx.x * blockDim.x| + threadIdx.x;
c[idx] = a[idx] + b[idx]; @
}
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BASIC APPLICATION: VECTORADD

const int arraySize 04t
- AN int alarraySize] = { U };
How to adapt to any vector size” int blarraySize] = { 0 };
= Adapt the number of blocks for (int 1 = 0; 1 < arraySize; ++1) {
automatically depending on the number ali] = 1; _ _
b[i] = arraySize - 1i;
of threads }

= You need to put a failsafe in the kernel ~ int clarraySize] = { 0 };
to check that your threads are not
out-of-bounds [l [...]

|size t N threads = ;02é:|

dim3|block_sizeh (arraySize + (N threads-1))/N threads); // (*2*%, 1, 1)

]V'+'Akhreads'_ 1 dim3 thread size (N threads); S/ (1024, 1, 1)
Ahnocks==_fl001' addKernel<<<block size, thread size>>>(dev c, dev a, dev b, arraySize);
A&hreads fo [ ]
for (int 1 = 1500; i < 1510; i++) {

printf ("%d\n", c[i]):

Array size N = 14 }
=10 B1 B2 B3

TTTTTTTTTTTTTTTT __global  void vectorBAdd(int* c, const int* a, const int* b,| const int NJ
0123012301230123 t

int idx = blockIdx.x * blockDim.x + threadIdx.x;
if (idx >= N)

14+4—-1 17 return:
Npiocks = { 4 ‘ = {T‘ =4 c[idx] = a[idx] + b[idx]:




EXERCISE -VECTOR ADD

= Create a new CUDA project in Visual Studio
= Replace the code in kernel.cu with the code in vector_add.cu

= The code is very similar to Visual Studio template

=  What are the changes ?

= What does the new function do ?

= Use the added code to compute the speedup between the CPU and the GPU
= What does this kernel do?

= Change the code to work for an array of 1000 elements

= And for an array of 2048, 4096, ... elements

= What do you notice when you change arraySize?
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| Vertex Shader Inst |

INFO-H-502

APPENDIX - GLOBAL EVOLUTIOIR

=  GPUs changed in 2006 from Graphic Processing Units
to General Processing Units

= They still perform both: Graphic and Computing
operations

= “CUDA Interop” is when you make CUDA and OpenGL
work together
= CUDA write in texture space (a buffer)

= OpenGL display this texture when it is ready

= |f you want to dig deeper in this evolution:
m  https://fabiensanglard.net/cuda/index.html

= |s a perfect start (also in the PDFs)

= Sanglard - 2020 - A history of NVidia Stream Multiprocessor

| Cull / Clip / Setup

»
|
I

Fragment Shader Inst |

| Fragment Crossbar |
I

INFO-H-503
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https://fabiensanglard.net/cuda/index.html

APPENDIX - SPATIAL STRUCTURES - GRID AND BLOCK SIZES

= QOther example

= How a kernel can possibly know its position in the grid and the block?

= Two more illustrations for 2D grids of 2D threads:

row

N-1

N, the total columns

v

column

a[row][column] = a[offset]

\

row * N

/ offset = column + row * N

In CUDA:

int col = blockldx.x*blockDim.x+threadldx.x;

int index = col + row * N;
Alindex] = ...

int row = blockldx.y*blockDim.y+threadldx.y;

blockldx.y

blockldx.x

threadldx.x

threadldx.y

T~

N

-

\

Y I blockldx.y

* blockDim.y + threadldx.y

—{
N

‘ blockldx.x

# blockDim.x + threadldx.x ‘
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