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Vazlat
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* Belizemelés
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* CUDA programozdsi modell, hardware adottsdgok
IT

* Tippek (pl. tobb GPU egyidejii hasznalata)

* Kényvtarak (cuFFT, cuBLAS, ...)

* 6PU szamolds CUDA programozds nélkiil
III.

* Optimalizalas



Emlekezteto
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Heterogén szamoldsok

Grafikus kartya
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O * g jdf memoria
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RRRRRRRARRRREED * host masol ra adatot
* host inditja a szdmoldst
Multi-Core plus Many-Cores rajta
Host computer + Device * host visszamdsolja az
eredményt

-S,%: * CUDA modell +
' C kiterjesztés
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Fizikai felepites
* N db multiprocessor (MP)

Multiprocessor N (N=1.30..)

* M db singleprocessor(SP) / MP
. float: M=8 ( double: M=1 )
Multiprocessor 1

. * Single Instruction Multiple

Data (SIMD)
* Memoria:
Global: lassu, ~GB
Register: gyors, 16384/Block

<5 1] [

Global Shared: gyors, 16kB
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Futtatasi modell

Bl ock O

Thread O
Thread 1

Thread bSi ze-1

Bl ock nBl ck-1

Thread O
Thread 1

Thread bSi ze-1

* Kernel: GPU-n futé objektum
* A threadek a kernelt hajtjdk végre
* A grid thread blockokbal dll

* A blockok szamat és méretét
(execution configuration) a host
alkalmazas allitja be

* Mindegyik thread azonositja magat
blockIdx, threadIdx (blockon beliil),
blockDim, gridDim

| dx = blockldx.x * blockDDm x +
t hr eadl dx. x
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Futtatasi modell

Device

Grid 1 * PI. 512 szal / 6rid

1 Block = Block  Block blockDim.x 32 64
0,00 (1,00  (2,0)
| Bluck--""f Block Block gndD|m-X 16 8
Kernel

AR NS . Grid dim.: 1 vagy 2

* Block dim.: 1, 2 vagy 3

I t hreadl dx., threadldx.y,
Block (1, 1) | t hr eadl dx. z

+ Pl. 64 szdl / Block
= blockDimx | 64 | 32
T blockDim.y 1 | 2

Thread | Threa:
(0,2) (1,2)

1)
2]
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GPU memoria

Grid

Block (0, 0) Block (1, 0)

Shared Memory Shared Memory

Registers Registers Registers Registers

Mem. ldthatdsdg sebesség

Thread (0, 0) Thread (1,0) Thread (0,0) Thread (1, 0) GIObG' gr'id IGSSC'

Local Local Local Local S h a r‘e d b I O C k gyo r.S

Memory Memory Memory Memory

Register thread gyors

Global

Memory

Constant
Memory

Texture
Memory
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Fizikai vegrehajtas

=

Device with 2 SMs Device with 4 SMs

SMO SM1 SMO SM 3

— l::::

* Egy Blockot egy MP
szamol

* Minden Block SIMD
csoportokra van osztva:
warp
a warp threadjei
fizikailag egyszerre
hajtodnak végre

* a warp (ma) 32 szalbal
all (0-31,32-63,...)



CUDA kodszerkezet

__device  void nykernel (float *v, int D float c) {.}

I nt mai n(void) {

cudaMal | ocHost ((voi d**) &h, s);
cudaMal | oc( (void**) &d, s) ;
cudaMencpy( d, h, s, cudaMentpyHost ToDevi ce);

din8 gridD (30);
di 8 bl ockD (16, 16);
nykernel <<< gridD, blockD >>> (d, D, 2.0f);

cudaMencpy( h, d, s, cudaMentpyDevi ceToHost);
cudaFreeHost (h); cudaFree(d);
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GPU memoria

Memoria - foglalas

Global: pl. host (CPU) kodrészben:
cudaMal | oc( (voi d**) &g, nenti ze);

Register: a kernelben (__device__ fiiggvény)
pl. valtozé deklardlasa: fl oat r;

Shared: kernelben
pl. __shared__ float s[1000][4];
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GPU memoria

Memoria - adattranszfer

Ertékaddssal, pl.

* Global -> Register
r=g9[2] ;

* Global -> Shared
s[O][O] = 9[1] ;

* Shared -> Global
g[0] = s[O0][O] ;




Tippek
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Tippek

* nvcc flagek:
-emu : emuldcio CPU-n (-> printf,debug)
-keep : megorzi a forditds kozbenso fajljait
-arch sm_13 ; -arch compute_13 : double support
-arch sm_10 ; -arch compute_10 : lekorldtozas

* Tobb végrehajtasi konfigurdcio (szamitasi halo,
computational grid) kiprobdlasa (gridDim, blockDim)

* Hibakezelés (Id. Supercomputing for the masses)
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Tippek
* Profiler (cudatoolkit)
* Debugger (cudatoolkit)
* Kértyalefagyas esetén:
kill -9 <application PID>
varni perceket

root-ként: rmmod nvidia ; modprobe nvidia

* lib készitése (Id.: példaprogramok)
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Tippek: idomérés
GPU-n:

cudaEvent t start, stop;

cudaEvent Create( &start ) ;
cudaEvent Create( &stop ) ;

cudaEvent Record( start, 0 );

{ ...}
cudaEvent Record( stop, 0 );

cudakvent El apsedTi ne( &el apsedTi nel nMs, start, stop);

Id. pl. bandwidthTest.cu forrdskod (SDK)
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Tippek: idomérés
CPU-n:

struct tinmespec start, end,
clock gettime(CLOCK REALTI ME, &start);

.
cudaThr eadSynchr oni ze() ; / / non- bl ocki ng GPU ker nel !

cl ock_gettime(CLOCK REALTI ME, &stop);

time_elapsed = (stop.tv_sec - start.tv_sec) +
(doubl e)(stop.tv _nsec - start.tv_nsec) / 1000000000 );

Megj: GPU kernel aszinkron végrehajtas -»
CPU/GPU parhuzamos szdmolds
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Tippek: tobb kartya egy gepben

OpenMP + CUDA

master
thread

{ parallel region } { parallel region }
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Tippek: tobb kartya egy gépben

GPU, mint szuperszamitd6gép — II. (19) sz,

Il Nt num gpus, gpu id, cpu thread id, numcpu threads,;

cudaCet Devi ceCount ( &um gpus) ;
onp_set num t hreads(num gpus);

#pragnma onp parallel private(cpu thread i1d,gpu_id)

}

cpu thread id = onp get thread nun(),;
num cpu_threads = onp get numthreads();

cudaSet Devi ce(cpu_thread id % num gpus);
cudaCet Devi ce( &gpu_id);

di B gpu_threads(..);
di B gpu_bl ocks(..);
cuda_kernel <<< gpu_bl ocks, gpu threads >>> (d, X);

https://www.wiki.ed.ac.uk/display/ecdfwiki/Use+multiple+GPU+devices+with+OpenMP+and+CUDA
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Portland CUDA fortran

http://www.pgroup.com/resources/cudafortran.htm



Konyvtarak
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Konyvtarak

Optimalizélt kényvtarak haszndlata jelentdsen
felgyorsithatja kodfejlesztésiinket.

Pl. - BLAS (Basic Linear Algebra Subprograms)
- FFTW (Fast Fourier Transform)




Konyvtarak

Optimalizélt kényvtarak haszndlata jelentdsen
felgyorsithatja kodfejlesztésiinket.

Pl. - BLAS (Basic Linear Algebra Subprograms)
- FFTW (Fast Fourier Transform)

CUDA megvalodsitas (Toolkit része):
- CUBLAS

- CUFFT
De jol 4t kell gondolni, hogyan hasznaljuk!

£ GPU, mint szuperszamitégép — II. (23) sz,
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Pl. CUBLAS

Alapmodell

* Létrehozzuk a vektor/matrix objektumokat a GPU-n
(host -> device adattranszfer)

* Meghivjuk a CUBLAS fiiggvényeket (szamolas GPU-n)

* Visszaolvassuk az eredményeket
(device -> host adattranszfer)
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Pl. CUBLAS

GPU szamolas vs. Host-device adattranszfer

N elem( vektor (v), N*N elemi matrix (M) esetén:

# aritm. | #adat- | #aritm/
mlveletek | transzfer | atvitt adat
ctv, v'v | O(N) O(N) 0(1)
M*v O(N?) O(N?) o(1)
M*M O(N?) O(N?) O(N)
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Pl. CUBLAS

GPU szamolas vs. Host-device adattranszfer

N elem( vektor (v), N*N elemi matrix (M) esetén:

Haritm/
atvitt adat
c'v, V'V O(1)
M*v O(1)
M*M O(N)

* O(1): a teljesitmény erésen
fligg host->dev savszélesség-
t6l (4GB/s -> csak ~GFLOP)

* O(N): jelentés gyorsulas
érheto el
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Pl. CUBLAS

Osszefoglalva:

* O(1) aritm./transzfer esetén a cél minél tovabb a GPU-n
tartani az adatokat, minél tobb miiveletet végezni rajta

* O(N) aritm./transzfer esetén nagy gyorsulds varhato;
célszer(i az O(1) m(iveleteket is

Megj.: “Thunking" (auto mem. alloc, cpy + GPUcalc):
egyszer(ibb haszndlat , de jelentds lassulds (~2-4x)
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GPU szamolas
CUDA programozas nélkiil
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NS
Portland accelerator
#1 ncl ude <accel mat h. h>
I nt mai n(voi d) i{nt mai n( voi d)
{
?pragna acc region
{
}
}
}
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Portland accelerator

Forditas:

pgcc sanple.c -3 -ta=nvidia -Mnfo -fast
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Portland accelerator

Regularizdlt gravitdcios parkdlcsénhatds
#pragma acc regi on

for (1=0; 1<n; 1=1+1) {
for (J=1+1; J<n; J=+1) {

dxO = xi[1][O0] - xi[J][O];
dx1 = xi[i1][1] - xi[J][1];
dx2 = xi[1][2] - xi[]J][2];
yyy = (de*de + dx1*dx1l) + (dx2*dx2+eps2) ;
xxx = - nmi]*ar)] /(o sartf(yyy) * yyy ) ;
a|_|__O_ += XXX * dx0 ;
al[1][1] += xxx * dx1 ;
ai [i]1[2] += xxx * dx2 ; | ] |
ai[J][0] -= xxx * dxO0 ; ] ] ]
al[J]1[1] -= xxx * dx1 ; [ [
ai[J]1[2] -= xxx * dx2 ;

) EEEE
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Portland accelerator

Regularizdlt gravitdcios parkdlcsonhatds

Forditasi zenet:

237, Accelerator restriction: size of the GPU copy
of an array depends on val ues conputed in this |oop
238, Accelerator restriction: size of the GPU copy
of 'm 1s unknown

Accel erator restriction: size of the GPU copy
of 'xi' Is unknown

Accel erator restriction: one or nore arrays

Loop not vectorized: data dependency
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Portland accelerator

Regularizdlt gravitdcios parkdlcsénhatds
#pragma acc regi on

for (1=0; 1<n; 1=1+1) {

for (J=0; ]<n, J—J+1) {
dx0 = xi[1][0O] xi[]]][0]
dx1 = xi[i][1] - xi[j]][21]
dx2 = xi[1][2] - xi[J][2];
yyy = (dx0*dx0 + dx1*dx1l) + (dx2*dx2+eps2) ;
xxx = - nfi]*nf)] I ( sqrtf(yyy) * yyy ) ;
al[1][0] += xxx * gxg ,

1] += * dx1 ;
L2 = oo+ G ! EEEn
/1" ai[J][0] -= xxx * dr[0] ; EEEE
AR R T I | |
al || -= XXX * dr ;
} [
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Portland accelerator

Regularizdlt gravitdcios parkdlcsonhatds
Forditdsi lizenet:

235, CGenerating copyin(xi[O:natom 1][0: 2])
Generating copyin(nfO: natom1])
Generating copyout (ai[0: natom 1][0: 2])
Generating conpute capability 1.0 kernel

£ 1E] o (1 () )] [) - ALl) [ KE] []E

237, Loop 1s parallelizable
Accel erat or kernel generated

. #PI agiia o O pPdl a cl, Ve Ol

Non-stride-1 accesses for array 'Xxi'

Non-stride-1 accesses for array 'ai'

244, Conplex | oop carried dependence of 'ai'

prevents parallelization
Loop carried reuse of 'ai' prevents

parallelization
| nner sequential | oop schedul ed on accel erator
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Portland accelerator

Regularizdlt gravitdcios parkdlcsonhatds

Futasidok (N=65536)

1 CPU

PGI acc. (trivial)

CUDA kod

Idok [s]

52

5 (~10x)

0.27 (~200x)

A CPU kod szervezésétdl erdsen fiigghet a GPUs

gyorsitds hatékonysdgal

Irodalom pl.:

http://ww. pgroup. com resources/ accel . ht m
http://ww. pgroup.comlit/articles/insider/vlnlal. htm
http://ww. pgroup.comlit/articles/insider/vln2al. htm
http://ww. pgroup.comlit/articles/insider/vln3al. htm
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HMPP Workbench

a directive-based compiler for hybrid computing

SUPPORTED PLATFORMS AND COMPILERS

GPUs

+ AlINVIDIA Tesla

« NVIDIA CUDA compatible graphics products (GTX280, Quadro FX5800, GeForce
8800GTX, 9xx, ...)

+ AMD FireStream 9170, 9250

« CAL compatible graphics products

Compilers

« GNU gcc 4.1 and above

« Intel icc version 9.1 and above
« Intel ifort version 9.1 and above

Operating systems

- Any x86_64 kermnel 2.6 Linux distribution with libc coming with g++ 4.x and above.

- HMPP has been validated with some of the below Linux distributions:

» Debian 4.0 and above

» RedHat Entreprise Linux 5.x and above
» OpenSuse 11.x and above

+ SLES 10.1,10.2,11.1

» Ubuntu 8.10

- Windows
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Magasabb szintii nyelvek + CUDA

Természetes a CUDA kiterjesztés, ha lehetdség van
C-ben irt modulok hasznalatara

* Python - PyCUDA

* Matlab
- mex -> nvmex
http://developer.nvidia.com/ob ject/matlab_cuda.html

- 6PUmat / Jacket

Ugyelni kell a nyelvek kozotti adatdtvitel tébbletidejére!
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atlab + CUDA

GPUmat

GPUmat allows standard MATLAB code to run on GPUs. The execution is transparent to the user as shown in the following example:

GPUsingle (r

= GPUdouble | 0}); % B is on GPU memory
A+B; % executed on GPU.
fft(C); % executed on GPU

A+B; % executed on CPU.
fft(C); % executed on CPU

Executed on CPU
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Matlab + CUDA

TC PU

speedUP =
p -I-GF‘U

GPUmat allows sta

2 4 6

matrix elemets [10°]

A+B; % e
fft(C); % executed on CPU

Executed on CPU

ng example:




GPU, mint szuperszamitogép — II. (40)

Ojdonség: nVidia Fermi

http://developer.nvidia.com/object/gpucomputing. htmi

Transistors 681 million 1.4 billion 3.0 billion

CUDA Cores 128 240 512

Double Precision Floating None 30 FMA ops /clock = 256 FMA ops /clock

Point Capability

Single Precision Floating 128 MAD 240 MAD ops / 512 FMA ops /clock

Point Capability ops/clock clock

Special Function Units 2 2 4

(SFUs) / SM

Warp schedulers (per SM) 1 1 2

Shared Memory (per SM) Configurable 48 KB or
16 KB

L1 Cache (per SM) Configurable 16 KB or
48 KB

L2 Cache 768 KB

ECC Memory Support Yes

Concurrent Kernels Up to 16

Load/Store Address Width 64-bit
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