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Paralelni programovani na GPU

W Ll

e Ptehledné rozhranni . .,
e Hardwarové nezavislé

e Pouze pro karty od firmy

NVIDIA o SloZit&j%i rozhranni
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Co je potfeba

e CUDA Runtime - Nutné pro spusténi CUDA aplikace

e CUDA Toolkit - Pro vyvoj(viechny knihovny a dokumentace)
e Podporovany opera¢ni systém s C/C++ prekladatem

e Volitelné GPU Computing SDK - Stovky pfikladi

Hardware

o Graficka karta NVIDIA podporujici CUDA architekturu
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Hardware Knihovn

Zakladni pojmy

e Host - Ozna&eni pro CPU

e Device - Oznaceni pro GPU

e Kernel - Oznaceni metody spou$téné na GPU

Vldkno - Jedno volani metody

Blok - AZ trojrozmérna struktura vldken

e Warp - Soubor vldken zpracovavanych paralelné v ramci bloku

MF¥izka - AZ trojrozmérna struktura bloki
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Uvod

Vypotetni schopnost (Compute capability)

Vysvétleni

e Specifikace verze CUDA architektury (nap¥. CC = 2.1)

o P¥iklad odlisnosti: maximalni polet blokl v gridu a vldken v
bloku
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Hardware

Vypocty na GPU

Vyvoj GPU architektur v ase

e 2008: Tesla - Vypocetni schopnost = 1.x

e 2010: Fermi - Vypocetni schopnost = 2.x
e 2012: Kepler - Vypocetni schopnost = 3.x
e 2014: Maxwell - Vypocetni schopnost = 4.x
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Uvod Hardware Knihovny NNSU

Vyvoj architektur

March of the GPUs
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Hardware Knihovn NNSU

Historicky p¥ehled vybranych grafickych karet

| Nazev | Rok | CC | Potet jader | Pam&t | Rozhrannf |
GeForce GTX 480 | 2010 | 2.0 480 1.5GB GDDR5 384-bit
GeForce GTX 680 | 2012 | 3.0 1536 2GB GDDR5 256-bit
Tesla M2090 2011 | 2.0 512 6 GB GDDR5 384-bit
Tesla K20 2012 | 3.5 2496 5 GB GDDR5 384-bit
Quadro 2000D 2010 | 2.1 192 1 GB GDDR5 128-bit
Quadro K5000 2012 | 3.0 1536 4GB GDDR5 256-bit
| Nazev | Rychlost paméti [ Vykon SP | Cena |
GeForce GTX 480 177.4 GB/s 1.345 TFlops | 6000 K&
GeForce GTX 680 192.2 GB/s 3.09 TFlops 12000 K¢
Tesla M2090 177 GB/s 1.33 TFlops | 77000 K¢
Tesla K20 208 GB/s 3.52 TFlops | 100000 K&
Quadro 2000D 41.6 GB/s ? 10000 K&
Quadro K5000 173 GB/s 2.1 TFlops 40000 K&

Vyuziti GPU k urychleni u&eni neuronovych siti V. Spanihel



Hardware

Klasifikace GPU

Flynnova taxonomie - Klasifikace pocitacovych architektur

H Single Instruction ‘ Multiple Instruction

Single Data SISD MISD
Multiple Data SIMD MIMD

Rady karet NVIDIA

o GeForce - pomala ve dvojité presnosti

e Tesla - profesiondlni, rychld dvojitd presnost

e Quadro - urlena spise pro grafiku
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Hardware

Porovnani vykonu
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Hardware

Architektura GPU

Instruction Cache

Warp Scheduler Warp Scheduler
—1=
e . 2
e SM - Multiprocesor s CUDA i ik
iy " S S S
jadry LDIST

Core Core Core

o SFU - Zpracovani sloZitych L=y

operacf Core Core
e LD/ST - Natitani dat
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Hardware

Typy paméti

Device

GPU

‘Multiprocessor
‘ Multiprocessor
Multiprocessor

Registers
Shared Memory
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Hardware

Architektura vlaken

Device
Global memory
Grid
Block[0,0] Block[0,1] Block(0,2) Block(0,3]

ni architek

Block(1,0] Block(1,1] Block(1,2]

// Urceni dimenzi

dim3 gridD(gX, g¥, gZ); L
din3 blockD (bX, bY, bZ); | (e |
// Volani kernelu Block[1,2]
kernel <<<gridD, blockD>>>(parametry); Threadt0.01] [Preadio )] [Tareadtoz1] [Threadto.3)] [Threasto.a] [hreactos:

Thread(1,01| [Thread(1,1]| [ Thread(1,21| |Thread(1,31| | Thread(1,4]| [Thread(1,5]

Thread(2,01| |Thread(2,1]| [ Thread(2,21| |Threadi2.31| | Threadi2.4l| [Thread(2,5]

Shared memory

V. Spanihel
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Hardware

P¥ifazovani blokti na SM

Multithreaded QDA Progrmm

r h
GPU with 2 5Ms GPU with 4 5Ms

SMO

‘ 5M1

| 5MO0 || 5M1 || 5M2 H 5M2 ‘
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Hardware

Automatické proménné

Dodefinovand struktura dim3

e blockDim.x - Obsahuje polet vldken uvnit¥ bloku

e gridDim.x - Obsahuje po&et blokl uvnit¥ m¥izky
e blockIdx.x - Obsahuje index rezidentniho bloku
e threadIdx.x - Obsahuje index vldkno v bloku

Serializace indexi

int idx = blockDim.x * blockIdx.x + threadIdx.x;
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Uvod Hardware Knihovn

Jednoduchy p¥iklad C++

1 __global__ void £illV(float #*v, float c) {

2 int idx = blockDim.x * blockIdx.x + threadIdx.x;

3 if (idx < L) {

4 v[lidx] = c;

5 }

6 }

1 int main(void) {

2 float hV[L];

3 float *dV;

4 for (int i = 0; i < L; i++) hV[i]l = 0.0;

5 cudaMalloc ((void**) &dV, sizeof (float)*L);

6 cudaMemcpy (dV, &hV, sizeof (float)*L, cudaMemcpyHostToDevice);
7 £illV<<<1,L>>>(dV, 99.1);

8 cudaMemcpy (&hV, dV, sizeof (float)*L, cudaMemcpyDeviceToHost);
9 for (int i = 0; i < L; i++) printf("%f\n", hV[il);

10 return O;

11 }
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Hardware

Optimalizace

P¥edchézet rozd&leni (Divergenci) warpu

e Vznika napt. kvili podminkdm typu:

if (threadIdx.x < 11) {
branchil () ;

} else {
branch2 () ;

e Dochazi k serializaci
e PotFeba provést obé vétve

o (Cast vlaken warpu nepracuje, spusti se v dalsi iteraci
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Knihovny

Knihovny

UzZite¢né knihovny
e CUBLAS - CUDA implementace knihovny BLAS
o CUSPARSE - CUDA implementace operaci s ¥idkymi maticemi
e MAGMA - CUDA implementace knihovny LAPACK

e Thrust - Paralelni algoritmy pro GPU, efektivnéjsi
programovani
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Knihovny

CUBLAS - porovnani vykonu

CUBLAS-Zgemm —MKL-Zgemm

450
400 Ly e o e e

350

300

250

GFLOPS

200

150

100

50

0 256 512 768 1024 1280 1536 1792 2048
Matrix Size (NxN)

* cuBLAS 4.1 on Tesla M2090, ECC on «Performance may vary based on OS ver. and motherboard config.
* MKL 10.2.3, TYAN FT72-B7015 Xeon x5680 Six-Core @ 3.33 GHz
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Knihovny

Maticové nasobeni na CPU (GLS BLAS)

1 int main(void) {

2 float *h_A, *h_B, *h_C;

3 int n2 = N * N;

4 float alfa = 1.0, beta = 0.0;

5 /) *

6

7 // Initialize host matrices

8 h_A = new float[n2];

9 h_B = new float[n2];

10 h_C = new float[n2];

11

12 // Compute cblas sgemm

13 cblas_sgemm(CblasColMajor, CblasNoTrans, CblasNoTrans, N, N, N, alfa, h_A,
N, h_.B, N, beta, h_C, N);

14

15 [/ **

16

17 return 0;

18 ¥
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Uvod E e Knihovny NNSU

Maticové nasobeni na GPU (CUBLAS)

1 //*

2 float *d_A = 0, *d_B = 0, *d_C = 0;

3 cublasStatus_t status; cublasHandle_t handle;

4

5 [/ **

6 // Initialize device matrices

7 CUDA_CHECK_RETURN (cudaMalloc ((void**) &d_A, n2*sizeof (float)));

8 CUDA_CHECK_RETURN (cudaMalloc ((void**) &d_B, n2*sizeof (float)));

9 CUDA_CHECK_RETURN (cudaMalloc ((void*x*) &d_C, n2*sizeof (float)));

10

11 // Transfer data into global memory and fill zeros into h_C

12 cublasSetMatrix (N, N, sizeof(float), h_A, N, d_A, N);

13 cublasSetMatrix (N, N, sizeof(float), h_B, N, d_B, N);

14 CUDA_CHECK_RETURN (cudaMemset (d_C, 0, n2*sizeof (float)));

15

16 /% Initialize CUBLAS */

17 status = cublasCreate (&handle);

18

19 /* Performs operation using cublas */

20 cublasSgemm (handle, CUBLAS_OP_N, CUBLAS_OP_N, N, N, N, &alfa, d_A, N, d_B,
N, &beta, d_C, N);

21

22 // Clear memory

23 CUDA_CHECK_RETURN (cudaFree (d_A)) ;

24 CUDA_CHECK_RETURN (cudaFree (d_B)) ;

25 CUDA_CHECK_RETURN (cudaFree(d_C));

26 CUDA_CHECK_RETURN (cudaDeviceReset ());

27 delete [] h_A; delete [] h_B; delete [] h_C;
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Neuronova sit s pfepinacimi jednotkami

Ucel

e Separalni tlohy

e Aproximace funkci
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Stavebni kameny NNSU

Neuron s p¥epinaci jednotkou (NSU)

e PYepinaci jednotka
e Perceptrony

e Vstupy rozdélovany na pereptrony pomoci NSU

o Zfetézeni NSU
o Bloky usporadany do acyklického grafu
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Architektura NNSU - zndzornéni

NSU1

G e o | Nsu2

e e new

Vyuziti GPU k urychleni u&eni neuronovych siti

B4 NSU2

V. Spanihel



Serializace sité&

IP kéd

e Reprezentace sité - Program Symbol Tree's

e Serializace - Readiv kéd
e Kombinace PST a Readovych kédi - IPCode
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Uceni sité

Prvni droven

o Architektura stromové struktury bloki

o Geneticka optimalizace

o Paralelni implementace

Druhd droven

e U&eni perceptronti kazdého NSU

e Regeni soustav linearnich rovnic

e Sériovd implementace
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Integrace CUDA do projektu

Uprava Make souborti

e PYedpis pro preklad .cu souborl

e Nastaveni cest ke knihovnam
o Vytvoreni obalového kédu pro CUDA
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Dalsi kroky

Ur¢it prah velikosti dlohy

e Malé tlohy spoustét na CPU

e Rozsahlejsi tlohy spoustét na GPU
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Konec

Prostor pro dotazy
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