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Maquina de Turing - 1936
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Moore’s Law

The Fifth Paradigm Logarithmic Plot
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Electromechanical Relay  Vacuum Tube  Transistor Integrated Circuit
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Year

“Lei de Moore” - 1900-2000
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Limites Fisicos

Transistor de 4nm (apenas 7 atomos!) - 2010
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Bomba Kryptologiczna — Versao de Bletchley Park - 1939
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Computacao Paralela

SIMD — Processamento vetorial

Cray 1- 1976
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Computacao Paralela

MIMD — Processamento paralelo massivo

Connection Machine CM5 1993
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Computacao Paralela

MIMD — Arquietura de memoria uniforme

CPU CPU CPU CPU
Barramento |
Memoria
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Computacao Paralela

MIMD — Arquietura de memoria uniforme

Motherboard quad Xeon - 1998 AMD Phenom - 2007
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Computacao Paralela

MIMD — Arquietura de memoria nado-uniforme

CPU CPU CPU CPU
Memoria Memoria Memoria Memoria
Barramento
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Computacao Paralela

MIMD — Arquietura de memoria nao-uniforme
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K-Computer - 2011 Cell Processor - 2005
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SGI Geometry Engine - 1989
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3dfx Voodoo 1 - 1996
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NVIDIA GeForce 256 - 1999
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GPU's

Input Alpha, Input Alpha Alpha Next Combiner’s
Blue Registers Mappings Function Scale/Bias Alpha Registers

Alpha
Portion

(reproduzido de “Chromatic Aberration”
Mark Kligard — CEDEC 2001)

NVIDIA GeForce 256 — Combinador de texturas

(reproduzido de “Texture Compositing With Register Combiners” - John Spitzer — NVIDIA Corporation)
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Shaders

Pixar Toy Story - 1995
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GPU's

Input
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Rasterization

Fragments J !

FB B Memory
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Executed for each pixel Diagrama de Shader N\/idia

[D=aple pesslbler (de. “Programming Massively Parallel Processors”
Color(s), depth, stencil ref @ Kil’k, Hwu - NVlDlA)

Frame Buffer
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Pipeline Grafico
(por Eric Lengyel - 2012) PMR5022




GPU's

77—
A

Arquitetura de GPU NVIDIA (2007)

(de. “Programming Massively Parallel Processors”
Kirk, Hwu - NVIDIA)
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Computacao Generica em GPU's

*CUDA (NVIDIA — 2007)
*OpenCL (Apple/Khronos 2008)
*DirectCompute (Microsoft - 2008)
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Exerciclos:

*Configurar Ambiente CUDA
*Recuperar Capacidades do Dispositivo
*Multiplicacao de dois vetores

*Testes de desempenho

PMR5022



Configurar Ambiente CUDA

*Visual Studio 2010

O Start Page - Microsoft Visual Studio (Administrator)
File = Edit ‘iew Debug Tearn Data Tools &rchitecture  Test  Analyze  Window

Mewn » | 5] Project.,

Open Y@ Web Site..

Close L5 Tear Project..

Close Solution [ File..

save Selected Tterms Ctrl +5 Project From Existing Code...

Save elected Therms As...
@l save Al Chrl +Shift+5

Export T late...
e | ERlEE To Tearn Foundation Server

source Contral k

ject...
Page Zetup...
Print... Ctrl +P nject..,
Recent Files L
Recent Prajects and Solutions J b
Exit Alt+Fd

I I o7 CLITOETesT

Help

Ctrl+ShiftsN || | 29 |

- & =

Ctrl +[4

Get Started  Guidance and Resources  Latest b

Welcome  Windows  Weh

Cloud  Office  Sharef

What's Mew in Wisual St
Learn about the new feature:
Wisual Studio 2010 Cwverciens
Wifhat's Mewe in JMET Frarmews

Mifkiat's Mews in Wisual ©++
Customize the YWisual Studio
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Configurar Ambiente C

*Visual Studio 2010

Mew Project

[.NET Frarmework 4 - | Sort by [Default

Installed Templates

; : ¥ WYindd Conzole &pplication
Wisual Basic =
Wisual C#
4 Wisual C++ E 4in32 Project
ATL
CLR
General
MFC

Test

Wisual F#

Other Project Types
Databaze

Modeling Projects
Test Projects

Online Ternpl

Mame: <Enter_name >

Location: cthusersithiagotdocuments\wizual studio 20108Projects

Salution narme: <Enter_narme >

| Search Installed Ternplates 2 |

Visual Cos Type: VWisual C++

& project for creating a Win32 console

application
Wisual C++

v Browyse... |

Create directory for solution
[ Add to source control
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Configurar Ambiente CUDA

*Visual Studio 2010

Win32 Application Wizard - cudatest? @

Overview Application type: Add common header files for:

a

Application Settings

Application Settings Windows application
@ Console application
DLL
Static library
Additional options:
/| Empty project

< Previous Finish | | Cancel
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Configurar Ambiente C

*Visual Studio 2010

4

S0 cydatestd - Microsoft Visual Studio (Administrator)

File Edit “iew Project Build Debug Team Data Tools  Architecturs

P S

Solution Explorer

=RF

g
Ed
$

_g Solution "cuc =

4 |[71 cudatest
- Exterr
[ Head
[ Resau
[ Sourc

Ca

|

Add Class...
Class Wizard.., Chrl+3hift+3
Add Resource..,

Sdd Mew Itern.., Ctrl +Shift+4
L&dd Existing Item... Shift+Alt+48,
Mewr Filter

Shioww &1 Files

Unload Project

Rescan Solution

References...
Set as Startlp Project

Build Custormizations...
Properties

Open Falder in Windows Explorer

Test  Analyze  Window Help

|_J[win3: -
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Configurar Ambiente CUDA

*Visual Studio 2010

Wiswal C++ Build Custornization Files @
Szailable Build Custormization Files:
Marre Path
CUDS, 4,00 targets, props) FOWCTargetsPath)BuildCustomizations\CUDA 4.0 targets
¥ CUDA 4.2 targets, .props) BWCTargetsPath)hBuildCustomizations\CUDA 4.2 targets
[citargets, .props) POWCTargetsPath)\BuildCustamizationsilc.targets
mastnitargets, props) $WCTargetsPathhBuildCustomizationshmasm.targets
1| L[] [ 3
Find Existing... || Refresh List ok || Cancel
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Configurar Ambiente CUDA

*Visual Studio 2010

@ cudatest? - Microsoft Wisual Studio (Administratar)
File Edit ‘Wiew Project | Build Debug Tearn Data Tools  Architecture  Test Analyze Window  Help

P G]r st (3 Yg Add Class.. ] winaz =\
Solution Explorer tﬂ' Class Wizard... Crl +Shift+X
; & Add Resource..,
= 5
_g Solution 'cuc i Add NewItern.., Ctrl+3hift+4,
4 |2 cudatest 2] Add Existing Term... Thift+80E 8
el Exter 4 Mew Filter
[ Head
" Resoy =8 Show All Files
[ Sourc Unload Project

Rescan Solution

References..,

Set as StartUp Project

Build Custormizations...
=] Properties

j Open Folder in Windows Explorer
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Configurar

*Visual Studio 2010

Ambiente CUDA

cudatest? Froperty Pages

Configuration: | Active(Debug)

2/l

| Platform: |Active(dindd)

. Common Properties 4
4 Configuration Properties

General
Debugging
WiZ++ Directories

. Linker

. Manifest Tool

. XML Document Generator

. Browwse Infarmation

. Build Events

. Custorm Build Step

. Code &nalysis

'J I Configuration Manager... J

Dutput Directory

Interrnediate Directory
Target Mame

Target Extension

Extensions to Delete on Clean
Build Log File

Platfarm Toolset

Configuration Type

Use of MFC

Use of ATL

Character Set

Cormmon Language Runtirme Support
Whole Program Optimization

Output Directory

$SalutionDin$iConfiguration) |z|
${Configuration),

$iProjecthame)

JBXE

“cdf*cache™ obj*ilk* resources ™ bt th* tmp* rsp)
FIntDir M SBuildProjectMame).log

w100

Application [.exe]

Use Standard Windows Libraries

Mot Using &TL

Use Unicode Character Set

Mo Common Language Buntirme Support
Mo vidhole Program Optimization

Specifies a relative path to the output file directory can include environment wvariables.

(0] ] [ Cancel Snply
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Configurar Ambiente CUDA

*Visual Studio 2010

o

Configuration Manager @
Sctive solution configuration: Active solution platform:
Debug - | [win3z ~|
Project contexts {check the project configurations to build or dep '-|'...':=-
Project Configuration <Edit... >
cudatestd Debug Iz‘ Win3d |Z|

Close

PMR5022
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Configurar Ambiente CUDA

*Visual Studio 2010

JIVERSIDAIBE BE SAD PAULO

[ o

Mew Solution Platform @
Type or select the new platform:
xhd -
Copy settings fram:
|<Empt}f> v|

| Create new project platforms

0]8 l | Cancel |
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Configurar Ambiente C

*Visual Studio 2010 cudart.lib

cudatest? Property Pages @

Configuration: | Active(Debug) * | Platform: | Active(xod) "J I Configuration kanager... I

. Comimon Properties Additional Dependencies eI32.Iib;user32.|ih;gdi32.|ib;winspDDI.Iib;c|:|E|

4 Configuration Properties Ignaore 4ll Default Libraries
General Ignare Specific Default Libraries
Debugging Madule Definition File
WC++ Directaries Add MModule to Sssermbly

a Linker

Ermbed Managed Resource File
General Force Symbol References
Delay Loaded Dlls

Assernbly Link Resource

Input
Manifest File
Debugging
Systern
Optirnization
Embedded IDL
Advanced
Caommmand Line
. Manifest Tool
. XML Docurment Generator
. Browse Information
. Build Events
- Custorm Build Step
- Code Analysis

Additional Dependencies

Specifies additional iterns to add to the link command line [i.e. kerel32.lib]

4 |+

(0]:4 ] l Cancel Apply
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Configurar Ambiente CUDA

*Visual Studio 2010

cudatest? Property Pages

eI=]

Configuration: IActive(Debug) vJ Platfarm: [Active(xﬁd)

'I [ Configuration Manager.., J

. Cornmon Properties 4

4 Configuration Properties Executahle Directories
General Include Directari
Debugging Reference Directories

Y+ + Directories Library Directories

4 Linker Source Directories

General Exclude Directaories
Input
kanifest File
Debugging
Systern
Optimization
Embedded IDL
Advanced
Comimand Line

. Manifest Tool

. ML Document Generator

- Browvse Information

- Build Events

. Custorn Build Step

. Code Analysis

Include Directories

P m b INCLUDE.

S CInstallDifbin'exd 6_arnd 6450/ Clnstall Didbin: Soivind owes §
;$(WindowsSdkDir)include;$(Frar'newnrkSDKDir)\incIude;E

Path to use when searching for include files while building a WC ++ project. Corresponds to environrment sariable

<Edit.. =

S0 CInstallDirdatlmfctsrcmfo; S0vClnstallDinatimfchsrchmfel
S ClnstallDifinclude; $0/CInstalIDid atlmfcinclude; $iwindd

ok || cancel || Apply
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Configurar Ambiente CUDA
*Recuperar Capacidades do Dispositivo

devicequery.cu
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Exerciclos

#include <iostream>
#include <nvidia_book/common/book.h>

__device__ int soma(int a, int b) { return a+tb;}

__global__ void kernel(int a, int b, int *res)

{
3

*res = soma(a, b);

int main(int argc, char **argv) {
int res;
int *device_res;

HANDLE_ERROR( cudaMalloc( (void**)&device_res, sizeof(int)));

kernel<<<1,1>>>(2,2,device_res);

HANDLE_ERROR( cudaMemcpy( res, device_res, sizeof(int),
cudaMemcpybDeviceToHost ));

std::cout << "2+2=" << res << std::endl;
return 0;
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Exercicios

__global__ void kernel(float *a, float *b, float *cresult)

{
int tid = threadIdx.x + blockIdx.x*blockDim.x;

kernel<<<blocks, threads>>>(da, db,dc);

PMR5022
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Exercicios

int main(int argc, char **argv) {
float a[N], b[N], c[N];
float *da, *db, *dc;

HANDLE_ERROR( cudaMalloc( (void**)&da, sizeof(float)*N ) );
HANDLE_ERROR( cudaMalloc( (void**)&db, sizeof(float)*N ) );
HANDLE_ERROR( cudaMalloc( (void**)&dc, sizeof(float)*N ) );

HANDLE_ERROR( cudaMemcpy( da, a, sizeof(float)*N,

cudaMemcpyHostToDevice ));
HANDLE_ERROR( cudaMemcpy( db, b, sizeof(float)*N,

cudaMemcpyHostToDevice ));

HANDLE_ERROR( cudaMemcpy( c, dc, sizeof(int)*N,
cudaMemcpyDeviceToHost ));

PMR5022
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Multiplicacao de vetores

c.=ab

* Dimenséao do vetor € uma macro
global: #define N 1000

e Cada thread se ocupa de um unico
indice (por enquanto...)

e Derive | das coordenadas da grade
 Verifigue limites...

PMR5022



ESCOLA POLIT ENICA: DA N ERSIDAIDE BE SAD PAULO

Multiplicacao de vetores

c.=ab

* Dimenséao do vetor € uma macro
global: #define N 1000

e Cada thread se ocupa de um unico
indice (por enquanto...)

e Derive | das coordenadas da grade
 Verifigue limites...

* VOCE ¢é capaz de tratar de
multiplas posicoes por thread?
Isso e util?

PMR5022
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Multiplicacao de vetores

* Medir desempenho

N1VERSIBDAIBE BE SAD PAULO

cudaEvent_t start, stop;
HANDLE_ERROR( cudaEventCreate(&start));
HANDLE_ERROR( cudaEventCreate(&stop));

HANDLE_ERROR(cudaEventRecord(start,0));

_ Chamada do kernel

HANDLE_ERROR(cudaEventRecord(stop,0));
HANDLE_ERROR(cudaEventSynchronize(stop));

float time;
HANDLE_ERROR(cudaEventElapsedTime(&time, start,

std::cout << "tempo:" << time << std::endl;

stop));

PMR5022
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Multiplicacao de vetores

[ By
0. AN —
AR L 3
2N 422

* Medir desempenho

* Verifigue com N grande (>30000)
 Compare com tempo de CPU

VERSIIBDAIBE BE SAD PAULO

#include “gettime.h”

time = get_time();
for(int i=0;i<N;i++)
c[i] = a[i]*b[i];

time = get_time() - time;

std::cout << "time:"

<< time << std::endl;

PMR5022
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Multiplicacao de vetores

* Medir desempenho
* Verifigue com N grande (>30000)
 Compare com tempo de CPU

Mas...

Se incluirmos o tempo de copia
para a memoria da GPU?

PMR5022
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Multiplicacao de vetores

* Medir desempenho
* Verifigue com N grande (>30000)
 Compare com tempo de CPU

Mas...
Se incluirmos o tempo de copia
para a memoria da GPU?

O(n) movimentos para memaoria
da GPU

O(n) operacoes com ponto
flutuante

PMR5022
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Multiplicacao de matrizes

C=AB

Cij: kZ1 Ay Bkj

PMR5022



ESCOLA POLIT ENICA: DA N ERSIDAIDE BE SAD PAULO

Multiplicacao de matrizes
C=AB

Cij: kZ1 Ay Bkj

O(nz) movimentos para memoria da
GPU
O(n?) operacOes com ponto flutuante

PMR5022



N = 4=
NNECH?

ESCOLA POLIT ENICA: (DA U] |

UK

Multiplicacao de matrizes

Linearizacao de espaco

I+Nj
4x4:
1 2
4 5 6
8 9 10
12 13 14

11
15

#define INDEX(i,j) ((1)+(j)*N)

PMR5022



Multiplicacao de matrizes

1. Implementar algoritmo
serializado (CPU)

=

C.=2, Ay Bkj

]

»‘
|
f—

for(int i=0;i<N;i++)
for(int j=0;J<N;j++) {

PMR5022
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Multiplicacao de matrizes

2. Implementar algoritmo
paralelo (GPU)

32*32=1024 threads por bloco

dim3 blockDim(32,32);
dim3 gridDim( (N+31)/32, (N+31)/32);

Uma thread por posicao do resultado:

__global__ void mul(float *a, float *b, float *c)
{
int i
int j

threadIdx.x + blockIdx.x*blockDim.Xx;
threadIdx.y + blockIdx.y*blockDim.y;

PMR5022
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Multiplicacao de matrizes

* Medir desempenho

 Compare com tempo de CPU,
INCLUINDQO o tempo de copia para
a memoria da GPU!

* E agora?

PMR5022
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Reducao

-f{fa,a,a,....,a}) - X
*Associatividade:
f{fa,a,a, ..,a})=

f(f{al, aj}),f{ajﬂ,..., an}):
-f(fa, ....,a})Ha,...,a}
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Reducao

-f{fa,a,a,....,a}) - X
*Associatividade:
f{fa,a,a, ..,a})=

f(f{al, aj}),f{ajﬂ,..., an}):
-f(fa, ....,a})Ha,...,a}

*Exemplo: soma

PMR5022
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Reducao: Soma

* Sequencial

1. Res -~ O
2. Res += a,

3. Res += a,
4.

O(n) operacoes com ponto flutuante

PMR5022
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Reducao: Soma

e Paralela?

PMR5022
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Reducao: Soma

e Paralela!
a1 a2 8.3 a4 c’:l5 ae a7 a8
a1+a2 a3+a4 8.5+E:16 a7+a8
a +a +a +a a +a +a +a
1 2 3 4 5 6 7 8

al+a2+a3+a4+a5+a6+a7+a8

PMR5022




ESCOLA POLIT ENICA: DA N

Reducao: Soma

e Paralela!
a1 a2 a3 a4 a5 616 a7 a8
a1+a2 a3+a4 8.5+616 a7+a8
a1+a2+a3+a4 a5+a6+a7+a8

al+a2+a3+a4+a5+a6+a7+a8

O(log(n)) operacoes com ponto
flutuante!

PMR5022
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ESCOLA POLIT ENICA: DA UN

Reducao: Soma

*Algumas simplificacoes:
e Tamanho do vetor e poténcia de 2
* Apenas UM bloco
* N/2 threads
e Usar memoria local (__shared )

PMR5022
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[ By
0. AN —
AR L 3
2N 422

Reducao: Soma

*Kernel:
e Copiar buffer para memoria local
 Como temos N/2 threads, cada
thread copia duas posicoes
* Evitar sobreposicao!

PMR5022
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[ By
0. AN —
AR L 3
2N 422

Reducao: Soma

Kernel:
e SOma
1 2 3
a0 'él1 'él2 a3 a4 a5 a6 a7
v X vy v KX v
01+ 2+3 4+5 6+7

PMR5022
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Reducao: Soma

Kernel:
e SOMma
1 2 3
aO a1 a2 a3 a4 a5 a6 a?
v v v v
01+ 2+3 4+5 6+7
0+2 4+6

PMR5022
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Reducao: Soma

Kernel:
e SOma
1 2 3
ao 'él1 'él2 a3 a4 a5 a6 a7
v X vy v KX v
0+ 2+3 4+5 6+7

. v
O¢2 /ék+7

0+4

PMR5022
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Reducao: Soma

*Kernel:
* SOoma
* Delta duplica a cada iteracao

for(int delta = 1; delta <= N/2; delta*=2) {

e Metade das threads nao trabalha
na iteracao seguinte!

__syncthreads();
if((tid % delta)==0)

PMR5022
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Reducao: Soma

Kernel:
* Resultado
* Apenas UMA thread copia o
resultado de volta

PMR5022
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Reducao: Soma

*Desempenho?
* Divergéncia de threads dentro
de um warp
1 2 3

0+ 2+3 4+5 6+7
1
0+2 4+7

PMR5022
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=% &5
S v

Reducao: Soma

*Novo Kernel:

1 2 3

a . al a . a . a4 615 a . a7

0+ 1+5 2+6 3+7
4

PMR5022
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NNECH?

ESCOLA POLIT ENICA: (DA U] |

UK

Reducao: Soma

*Novo Kernel:

1 2 3

a . al a . a . a4 615 a . a7

0+ 1+5 2+6 3+7
wowo

0+2 1+3

PMR5022



N = 4=
NNECH?

ESCOLA POLIT ENICA: (DA U] |

UK

Reducao: Soma

*Novo Kernel:

1 2 3

a a a, a, a, a, a, a
0+ 1+5 2+6 3+7

wowo

OVB

0+1

PMR5022
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Reducao: Soma

*Novo Kernel:
* Delta cai pela metade a cada
iteracao

for(int delta = N/2; delta > 0; delta/=2) {

* Metade superior das threads nao
trabalha na iteracao seguinte!

__syncthreads();
if(tid<delta)

PMR5022
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Reducao: Soma

*Desempenho?
* N ainda muito pequenao!
 Como fazer para totalizar vetores maiores?
« _syncthreads NAO funciona entre blocos!
* Podemos duplicar o numero de elementos
totalizando E inicializando shared

__shared__ float partial[N/2];

__global__ void sum(float *a, float *c)
{
int tid = threadIdx.x;
partial[tid] = a[tid]+a[tid+N/2];
for(int delta = N/4; delta > 0; delta/=2) {

PMR5022
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Reducao: Soma

*Desempenho?
* Podemos duplicar o numero de elementos
totalizando E inicializando shared

#define N 1024

__shared__ float partial[N/2];

__global__ void sum(float *a, float *c)

{
int tid = threadIdx.x;

partial[tid] = a[tid]+a[tid+N/2];
for(int delta = N/4; delta > 0; delta/=2) {

* Mas 0 ganho é pegueno ainda...

* Na verdade, N~1024 ainda € muito pouco
para a GPU!

 Como fazer para totalizar vetores maiores?

PMR5022
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Reducao: Soma

Como fazer para totalizar vetores ainda
maiores?

PMR5022
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ESCOLA POLIT ENICA: DA UN

Reducao: Soma

Como fazer para totalizar vetores ainda
maiores?
* Dividir-para-conquistar

PMR5022
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Reducao: Soma

*\Vetores grandes
e 2 kernels

__global__ void partialsum(float *a, float *subtotals)

__global__ void totalSum(float *subtotals, float *c)

PMR5022
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Reducao: Soma

*\Vetores grandes
e PartialSum
* Selecionar a regiao do buffer de
entrada a ser totalizada
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Reducao: Soma

*\Vetores grandes
e PartialSum
* Selecionar a regiao do buffer de
entrada a ser totalizada

__global__ void partialsum(float *a, float *subtotals)

{
int tid = threadIdx.x;

a = a + 2*NTHREADS*blockIdx.Xx;

PMR5022
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Reducao: Soma

*\Vetores grandes
e PartialSum
* Escrever a soma parcial na posicao
adequada de subtotals
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Reducao: Soma

*\Vetores grandes
e PartialSum
* Escrever a soma parcial na posicao
adequada de subtotals

if(threadIdx.x==0)
subtotals[blockIdx.x] = partial[0];

PMR5022



ESCOLA POLIT ENICA: DA N

Reducao: Soma

*\Vetores grandes
e totalSum
* Ler e totalizar 2-a-2 os valores em
subtotals e escrevé-los em partial
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Reducao: Soma

*\Vetores grandes
e totalSum
* Ler e totalizar 2-a-2 os valores em
subtotals e escrevé-los em partial

__global__ void totalSum(float *subtotals, float *c)
{

int tid = threadIdx.x;

partial[tid] = subtotals[tid];

partial[tid] += subtotals[tid+SUBTOTAL_SIZE/2];

PMR5022
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Reducao: Soma

*\Vetores grandes
 totalSum
* Efetuar as somas parciais
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Reducao: Soma

*\Vetores grandes
 totalSum
* Efetuar as somas parciais

for(int delta = SUBTOTAL_SIZE/4; delta > 0; delta/=2) {
__syncthreads();
if(tid<delta)
partial[tid] += partial[tid+delta];
3
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ESCOLA: POLIT ENICA A UNIVERSIIDABE BE SAD PAULO

Reducao: Soma

*\Vetores grandes
 totalSum
* Efetuar as somas parciais

for(int delta = SUBTOTAL_SIZE/4; delta > 0; delta/=2) {
__syncthreads();
if(tid<delta)
partial[tid] += partial[tid+delta];
3
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Reducao: Soma

*\Vetores grandes
e totalSum
 Escrever o resultado final em ¢
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Reducao: Soma

*\Vetores grandes
e totalSum
 Escrever o resultado final em ¢

if(threadIdx.x==0)
*c = partial[0];
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Reducao: Soma

*Desempenho?

PMR5022




Reducao: Encontrar maximo

-f{fa,a,a,...,a}) - X
*Associatividade:
f{a,a,a, ...,a})=

f(f{al, aj}),f{ajﬂ,..., an}):
-f(fa,....,a})Ha,...,a}
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Reducao: Encontrar maximo

Associlatividade:

class pair {
int pos;
float val;
public:
__device__ pair(int pos, float val): pos(pos), val(val){}
__device__ pair(){};
__device__ int indice() const { return this->pos; }

__device__ static pair getlLarger(pair a, pair b) {

+;
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ESCOLA: POLIT ENICA A UNIVERSIIDABE BE SAD PAULO

Reducao: Encontrar maximo

Associlatividade:

class pair {
int pos;
float val;
public:
__device__ pair(int pos, float val): pos(pos), val(val){}
__device__ pair(){};
__device__ int indice() const { return this->pos; }

__device__ static pair getlLarger(pair a, pair b) {

+;
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ESCOLA: POLIT ENICA A UNIVERSIIDABE BE SAD PAULO

Reducao: Encontrar maximo

Associlatividade:

class pair {
int pos;
float val;
public:
__device__ pair(int pos, float val): pos(pos), val(val){}
__device__ pair(){};
__device__ int indice() const { return this->pos; }

__device__ static pair getlLarger(pair a, pair b) {
if(a.val>b.val)
return a;
return b;

}
+;
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Reducao: Encontrar maximo

*Inicializar partial:
 Criar objetos pair e reduzir 2-a-2 em
partial
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Reducao: Encontrar maximo

*Inicializar partial:
 Criar objetos pair e reduzir 2-a-2 em
partial

partial[tid] = pair::getLarger(
pair(tid,a[tid]),
pair (tid+N/2,a[tid+N/2]));

PMR5022
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Reducao: Encontrar maximo

*Passo de reducao: invocar getLarger!
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Reducao: Encontrar maximo

*Passo de reducao: invocar getLarger!

partial[tid] = pair::getLarger(partial[tid],partial[tid+delta]);

PMR5022
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Reducao: Encontrar maximo

*Recuperar o resultado
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Reducao: Encontrar maximo

*Recuperar o resultado

*c = partial[0].indice();

PMR5022
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Multiplicacao de matrizes

C=AB

Cij: kZ1 Ay Bkj
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Multiplicacao de matrizes
C=AB

Cij: kZ1 Ay Bkj

O(nz) movimentos para memoria da
GPU
O(n?) operacOes com ponto flutuante

O(n:) operacoes de acesso a memaoria
da GPU!
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[ By
0. AN —
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Multiplicacao de matrizes
C=AB

Cij: kZ1 Ay Bkj

O(nz) movimentos para memoria da
GPU
O(n?) operacOes com ponto flutuante

O(n:) operacoes de acesso a memaoria
da GPU!
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Multiplicacao de matrizes

Memoria Shared

O(n:) operacoes de acesso a memaoria
da GPU!
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Multiplicacao de matrizes

Memoria Shared
- Local ao bloco

O(n?) operacoOes de acesso a memoaria
da GPU, mas...

O(n?) operacoes de acesso a memoria
global (lenta)

O(n:) operacoOes de acesso a memoria
shared (rapida)
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Multiplicacao de matrizes
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Multiplicacao de matrizes
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Multiplicacao de matrizes
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Multiplicacao de matrizes

Memoria Shared

Copiar um bloco para os caches

a_cache[TINDEX(ti, tj

)] = a[INDEX(i, tj + k*BW)];
b_cache[TINDEX(ti,tj)] =

b[INDEX(tj + k*BW, j)I;
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Multiplicacao de matrizes

Memoria Shared

Declarar caches

#define N 1024

#define BW 16

#define BLOCKS (N/BW)

#define INDEX(1i,3j) ((1)+((3)*N))
#define TINDEX(i,3j) ((1)+((j)*BwW))

__shared__ float a_cache[BW*BW];
__shared__ float b_cache[BW*BW];
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Multiplicacao de matrizes

Memoria Shared

Copiar um bloco para os caches

PMR5022



Multiplicacao de matrizes

Memoria Shared

Fazer o produto parcial
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Multiplicacao de matrizes

Memoria Shared

Fazer o produto parcial

val += a_cache[TINDEX(ti, kk)]*b_cache[TINDEX(kk,tj)];
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Multiplicacao de matrizes

Acesso a memoria sequencial

P———
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Multiplicacao de matrizes

Acesso a memoria sequencial

e Se...

int ti threadIdx.y;
int tj threadIdx.x;
int i ti + blockIdx.y*blockDim.y;

int j = tj + blockIdx.x*blockDim.x;
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ESCOLA POLIT ENICA: DA N

Multiplicacao de matrizes

Tamanho dos blocos:

* Quanta memoria shared usa
um bloco, em funcao de BW?
* Lembre-se: cada float usa 4
bytes
* Quanta memaoria tem um
processador?

*Quantos blocos podem ser
executados simultaneamente?

PMR5022



Interoperabilidade Grafica

* Modelo de computacao

/O <« >

CPU

GPU
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Interoperabilidade Grafica

ESCOLA POLIT ENICA: DA N

* Mas se o resultado final for uma imagem a ser

exibida?

IN ——»

CPU

GPU

ourT
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Interoperabilidade Grafica

ESCOLA POLIT ENICA: DA N

* Mas se o resultado final for uma imagem a ser

exibida?

IN ——»

CPU

GPU

ourT
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Interoperabilidade Grafica

* Mas se o resultado final for uma imagem a ser

exibida?

A GPU também é um processador grafico!

IN ——»

CPU

GPU

PMR5022



Interoperabilidade Grafica

* Exemplo: Processamento online de imagem

SO

ESCOLA: POLIT ENICA DA UN

Webcam ——»

CPU

GPU
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Interoperabilidade Grafica

Exemplo: Processamento online de imagem

void GLImage: :newFrame(const unsigned char* rgbadata, int width, int length)

{
genBuffer(pixelBuffer, rgbadata, width, length);

void GLImage::paintGL() {
glDrawPixels(WIDTH, HEIGHT, GL_BGRA, GL_UNSIGNED_BYTE, 0);
}
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ESCOLA: POLIT ENICA A UNIVERSIIDABE BE SAD PAULO

Interoperabilidade Grafica

* Exemplo: Processamento online de imagem

void genBuffer(GLuint buff, const unsigned char *rgbadata, int width, int heigth)
{

cudaEvent_t start, stop;

HANDLE_ERROR( cudaEventCreate(&start));

HANDLE_ERROR( cudaEventCreate(&stop));

if(width!=640 || heigth!=480) return;

cudaGraphicsResource *resource;

HANDLE_ERROR(cudaGraphicsGLRegisterBuffer( &resource, buff, cudaGraphicsMapFlagsNone));
HANDLE_ERROR(cudaGraphicsMapResources( 1, &resource, NULL ) );

uchar4 *devPtr;

size_t size;

HANDLE_ERROR(cudaGraphicsResourceGetMappedPointer( (void**)&devPtr, &size, resource));

HANDLE_ERROR(cudaEventRecord(start,0));

HANDLE_ERROR( cudaMemcpy( devPtr, rgbadata, 4*width*heigth,
cudaMemcpyHostToDevice ));

HANDLE_ERROR(cudaEventRecord(stop,0));

HANDLE_ERROR(cudaEventSynchronize(stop));

HANDLE_ERROR(cudaEventElapsedTime(&kerneltime, start, stop));

HANDLE_ERROR( cudaGraphicsUnmapResources( 1, &resource, NULL ) );
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Interoperabilidade Grafica

* Exemplo: Processamento online de imagem

void genBuffer(void *resource, const unsigned char *rgbadata, int width, int heigth)

HANDLE_ERROR( cudaGraphicsMapResources( 1, (cudaGraphicsResource **)&resource, NULL ) );
uchar4 *devPtr;
size_t size;
HANDLE_ERROR(cudaGraphicsResourceGetMappedPointer( (void**)&devPtr, &size,
(cudaGraphicsResource *)resource));

HANDLE_ERROR(cudaEventRecord(start,0));

HANDLE_ERROR( cudaMemcpy( devPtr, rgbadata, 4*width*heigth,
cudaMemcpyHostToDevice ));

HANDLE_ERROR(cudaEventRecord(stop,0));

HANDLE_ERROR(cudaEventSynchronize(stop));

HANDLE_ERROR(cudaEventElapsedTime(&kerneltime, start, stop));

HANDLE_ERROR( cudaGraphicsUnmapResources( 1, (cudaGraphicsResource **)&resource,NULL));
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Interoperabilidade Grafica

* Exemplo: Filtragem em tempo real de imagem
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Interoperabilidade Grafica

* Exemplo: Filtragem em tempo real de imagem
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Interoperabilidade Grafica

* Exemplo: Filtragem em tempo real de imagem

void init()

{

float aux[KERNEL_W][KERNEL_H];
for(int 1=0;i<KERNEL_W;i++) {
for(int j=0; j<KERNEL_W; j++) {
int x = 1i-KERNEL_W/2;
int y = j-KERNEL_H/2;
aux[i][j] = filtervalue(x,y);
, }
HANDLE_ERROR( cudaMalloc( (void**)&filter_kernel, sizeof(float)*KERNEL_W*KERNEL_H ) );

HANDLE_ERROR( cudaMemcpy( filter_kernel, aux, sizeof(float)*KERNEL_W*KERNEL_H ,
cudaMemcpyHostToDevice ));
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Interoperabilidade Grafica

* Exemplo: Filtragem em tempo real de imagem

__global__ void kernel(bgra *out, bgra *in, float *filter_kernel)
{

// map from threadIdx/BlockIdx to pixel position

int X threadIdx.x + blockIdx.x * blockDim.Xx;

int y = threadIdx.y + blockIdx.y * blockDim.y;

if(x<16 || x >= (WIDTH-16)
|| y<16 || y >= (HEIGHT-16))
out[INDEX(x,y)] = bgra();

else {

float val;

for(int ky = y+KERNEL_MIN_Y; Kky<=y+KERNEL_MAX_Y;ky++) {

for(int kx = X+KERNEL_MIN_X; kx<=x+KERNEL_MAX_X;kx++) {

val += getfilterkernel(x-kx,y-ky, filter_kernel)*color(in[INDEX(kx,ky)]).to_mono();
}

}

OUt [INDEX(X,y)] = 8*val;
}

PMR5022




Interoperabilidade Grafica

* Exemplo: Filtragem em tempo real de imagem
* Cache local para a convolucao
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Interoperabilidade Grafica

* Exemplo: Filtragem em tempo real de imagem
 Cache local para a convolucao

__shared__ float cache[48][48];

__global__ void kernel(bgra *out, bgra *in, float *filter_kernel)

PMR5022
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Interoperabilidade Grafica

* Exemplo: Filtragem em tempo real de imagem
 Cache local para a convolucao

cache[threadIdx.y][threadIdx.x] = color(in[INDEX(x-16,y-16)]).to_mono();
cache[threadIdx.y][threadIdx.x+16] color (in[INDEX(x,y-16)]).to_mono();
cache[threadIdx.y][threadIdx.x+32] color(in[INDEX(x+16,y-16)]).to_mono();

cache[threadIdx.y+16][threadIdx.x] = color(in[INDEX(x-16,y)]).to_mono();
cache[threadIdx.y+16][threadIdx.x+16] color (in[INDEX(x,y)]).to_mono();
cache[threadIdx.y+16][threadIdx.x+32] color (in[INDEX(x+16,y)]).to_mono();

cache[threadIdx.y+32][threadIdx.x] = color(in[INDEX(x-16,y+16)]).to_mono();
cache[threadIdx.y+32][threadIdx.x+16] color (in[INDEX(x,y+16)]).to_mono();
cache[threadIdx.y+32][threadIdx.x+32] color (in[INDEX(x+16,y+16)]).to_mono();
__syncthreads();
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Interoperabilidade Grafica

* Exemplo: Filtragem em tempo real de imagem
 Cache local para a convolucao

float val;
for(int ky = y+KERNEL_MIN_Y; ky<=y+KERNEL_MAX_Y;ky++) {
for(int kx = X+KERNEL_MIN_X; kx<=x+KERNEL_MAX_X;kx++) {
int cx = 16+kx - blockIdx.x * blockDim.Xx;
int cy = 16+ky - blockIdx.y * blockDim.y;
val += getfilterkernel(x-kx,y-ky, filter_kernel)*cache[cy][cX];

3
3
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Interoperabilidade Grafica

* Exemplo: Filtragem em tempo real de imagem

 Filtro armazenado em memaoria constante

__constant__ float filter_kernel[KERNEL_W][KERNEL_H];

__device__ float getfilterkernel(int x, int y)

{
if (x>KERNEL_MAX_X || X < KERNEL_MIN_X || X>KERNEL_MAX_Y || x < KERNEL_MIN_Y) return 0;
return filter_kernel[y+KERNEL_H/2][X+KERNEL_H/2];

}

PMR5022
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Interoperabilidade Grafica

* Exemplo: Filtragem em tempo real de imagem

 Filtro armazenado em memaoria constante

void init()

float aux[KERNEL_W][KERNEL_H];

for(int i=0;i<KERNEL_W;i++) {
for(int j=0; j<KERNEL_W; j++) {
int x = 1-KERNEL_W/2;

int y = j-KERNEL_H/2;
aux[1i][j] = filtervalue(x,y);

}
HANDLE_ERROR(cudaMemcpyToSymbol(filter_kernel, aux, sizeof(filter_kernel)));
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Interoperabilidade Grafica

* Multiplos buffers

glGenBuffers(1, &pixelBufferl);
glGenBuffers(1, &pixelBuffer2);

glBindBuffer (GL_PIXEL_UNPACK_BUFFER,
glBufferData(GL_PIXEL_UNPACK_BUFFER,
GL_DYNAMIC_DRAW);

glBindBuffer (GL_PIXEL_UNPACK_BUFFER,

glBufferData(GL_PIXEL_UNPACK_BUFFER,
GL_DYNAMIC_DRAW);

resourceBuffer2

pixelBufferl);
4* WIDTH * HEIGHT, NULL,

pixelBuffer2);
4* WIDTH * HEIGHT, NULL,

resourceBufferl = registerCudaResource(pixelBufferl);
= registerCudaResource(pixelBuffer2);
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Interoperabilidade Grafica

* Multiplos buffers

void GLImage::newFrame(QImage *img)
{
genBuffer(resourceBuffer2, resourceBufferl, img->constBits(), img->width(),
img->height());
averageTime += kerneltime;
timeSamples++;
if(timeSamples>30) {
this->setWindowTitle(QString: :number (averageTime/timeSamples) + "ms");
averageTime 0;
timeSamples 0;
}
this->repaint();
delete img;
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Interoperabilidade Grafica

* Multiplos buffers

void GLImage: :paintGL() {
glPixelZoom(1,-1);
glBindBuffer (GL_PIXEL_UNPACK_BUFFER, pixelBufferl);
glRasterPos2f(-1.0,1.0);
glDrawPixels(WIDTH, HEIGHT, GL_BGRA, GL_UNSIGNED_BYTE, 0);

glBindBuffer (GL_PIXEL_UNPACK_BUFFER, pixelBuffer2);
glRasterPos2f(-1.0,0.0);
glDrawPixels (WIDTH, HEIGHT, GL_BGRA, GL_UNSIGNED_BYTE, 0);
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Interoperabilidade Grafica

* Multiplos buffers

void genBuffer(void *resourcel, void *resource2, const unsigned char *rgbadata, int width,
int heigth)

HANDLE_ERROR( cudaGraphicsMapResources( 1, (cudaGraphicsResource **)&resourcel, NULL ) );
bgra* devPtril;
size_t size;
HANDLE_ERROR(cudaGraphicsResourceGetMappedPointer( (void**)&devPtril, &size,
(cudaGraphicsResource *)resourcel));

HANDLE_ERROR(cudaEventRecord(start,0));
HANDLE_ERROR( cudaMemcpy( gpubuff, rgbadata, 4*width*heigth,
cudaMemcpyHostToDevice ));

dim3 grids(WIDTH/16,HEIGHT/16);
dim3 threads(16,16);
kernel<<<grids, threads>>>( devPtrl , gpubuff);

HANDLE_ERROR( cudaGraphicsUnmapResources( 1, (cudaGraphicsResource **)&resourcel,
NULL ) );

PMI
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Interoperabilidade Grafica

* Multiplos buffers

void genBuffer(void *resourcel, void *resource2, const unsigned char *rgbadata, int width,
int heigth)

HANDLE_ERROR( cudaGraphicsUnmapResources( 1, (cudaGraphicsResource **)&resourcel, NULL ) );

HANDLE_ERROR( cudaGraphicsMapResources( 1, (cudaGraphicsResource **)&resource2, NULL ) );
void *devPtr2;

HANDLE_ERROR(cudaGraphicsResourceGetMappedPointer( (void**)&devPtr2, &size,
(cudaGraphicsResource *)resource2));

HANDLE_ERROR( cudaMemcpy( devPtr2, rgbadata, 4*width*heigth,
cudaMemcpyHostToDevice ));

HANDLE_ERROR( cudaGraphicsUnmapResources( 1, (cudaGraphicsResource **)&resource2,
NULL ) );
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Fluxos multiplos!

Copia A

Processa A

Copia B

Processa B
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Fluxos multiplos!

Controlador de Memoaria

Copia A

Copia B

Controlador de Processamento

Processa A

Processa B

PMR5022




Fluxos multiplos!

HANDLE_ERROR(cudaStreamCreate(&streamA));
HANDLE_ERROR(cudaStreamCreate(&streamB));

HANDLE_ERROR( cudaMemcpyAsync( gpubuff, rgbadata, 4*width*heigth,

cudaMemcpyHostToDevice, streamA ));
kernel<<<grids, threads, 0, streamA>>>( devPtrl, gpubuff);

HANDLE_ERROR( cudaMemcpyAsync( devPtr2, rgbadata, 4*width*heigth,
cudaMemcpyHostToDevice, streamB));

HANDLE_ERROR(cudaStreamSynchronize(streamA));
HANDLE_ERROR(cudaStreamSynchronize(streamB));
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