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* Ta oUyxpova cUCTAHATA Eival TIAEOV ETEPOYEVH.

* [1.x. TTAVTOU UTTAPXEL KAl EVAG OUV-ETIESEPYATTNS (CO-
processor) r €vag eTitayuving (accelerator) n pia kapta
ypapikwyv (GPU)

* E1dikd ot GPU eivat tAcov GPGPU (General-purpose GPU)

— MTtopouv va eKTEAETOUV YEVIKOTEPOU OKOTIOU Tipoypdppata, Tépa
aTro AUTA TNG YPAPIKAG ETIESEPYATiag

— «KateBaloupe» kwdika otnv GPU
— Tov ekteAein GPU (dev dwypapilel kAT oTnv 006vn Ttpopavwg)

— Maipvoupe ta amoteAéopata

* Y€ apkeTOUC TUTTOUG UTtoAoytopwy ot GPUs kal yevikotepa ol
ETUTAXUVTEG €IVal TAXUTEPOI ATIO TOUC KEVTPIKOUC ETTEEEPYATTEC
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MYEO23 GPPUs: opyavwaon
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* Mpoketpévou va avattapayBei pia 3A oknvr otnv 0Bdovn, uttdpyel
Hia oglpd eTeSepyaatwy TIOU aTtaltouvdl, Ttou ovopdloval
OUVOALKA graphics pipeline.

* Katoteg ato (oxe00V OAEG) TIG ETIECEPYATIES AUTEG TIC UAOTTOLOUV
oto hardware ot kapteg ypagikwv (GPUs)

* XovOpiKko, attAoTtotnpévo didypappa:

GPPU history:

Graphics pipeline (e (]
e
= -

PARALLEL
PROCESSING MYYO023 -- MAPAAAHAA LYZTHMATA KAI TIPOTPAMMATIZMOZ
GROUP




TEXTURE
MEMORY
VERTEX
BUFFER

FRAME
- e

* H oknvn mteplypd@etal amo Kopugeg (vertices) atov 3A Xwpo

GPU history: * To tpwTo 0TAdI0 TTAlPVEL KOPUPEG, TIG
> sneEspyaZstal/ petaoyn uaTlZEl/cpwrlZEl/&va Ucpeg Kall napaya oUVoAO
/\€ITou PYIX Tplywvwv Ettiong kavel TtpoBoAr) Tn oknvng aro tov 3A Xwpo o€

ateikovion otov 2A xwpo [ vertex shaders]

* To deUtepo 0TAdI0 XPNOLUOTIOLEL pia «KAVVA0» WOTE 0 GUVEXNS XWPOG vVa
pnolottolnBei og tetpaywvidia (fragments) — kdbe fragment teAika Ba
amotutiwdei og 1 pixel atnv 0Bovn.

* Totpito otddio ensEepyaZeral/ HETAOXN uatlZsl/cprlZEl/&va
u@Eg/uttohoyidel opatdTNTEG 0T fragments Kal Ttapayel tnv €§060 wg 1
pixel / fragment pe ouykekpipuEvo TeAko xpwua. [ fragment shaders]
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GPPU history:

A\€IToupyic
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TEXTURE
MEMORY

VERTEX
BUFFER
> > S FRAME

* ApxiKa: fixed-function pipeline

— Ot Aettoupyieg Kat o UALKO o€ kdBe otddio nrav tpokaboplopéva (Tr.y. yia
PWTIONO TNG oKNvAG) —ot shaders Tav kukAwuata e181kou okoTiou.

— To TTOAU-TTOAU va uTtripXe pikpr ettihoyn ato fixed Asitoupyieg

* Metémerta: programmable pipeline

— Otshaders gywvav pivi eme€epyaotég Katl propoloay va EKTEAECOUV
ottotadnmote akoAouBia evtoAwv eTtdvw oe pia kopugn (vertex shader)
oe éva fragment (fragment/pixel shader).

— O Ttpoypappatiotng ypagel kwoika (tt.x. oe HLSL, GLSL, Cg), tov
«katePadle» oe évav shader kal 0Tn ouVEXELA 0 KWOLKAG EKTEAEITAL yIA
KABe 6edOUEVO TTOU TIEPVAEL ATIO AUTOV.
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* Meyebn dedopévwv
— Kopupég: exatoppupta, floating point
— Pixels: dioekatoppipia, fixed point

* Motpaia, ot shaders €yivav toAAoi o€ kaBe otadio:

— TIOAATIAEG HiKPEG Kal attAég CPU (ALU Baatikd) Ttou pmtopouoav va
KAVOUV TIpASelg

GPPU history: — ekTEAOUV TOV (610 «kaTERaocpEVOo» KWSIKA TAUTOXPOVA OE SLAPOPETIKA
- vertices/pixels (SIMD!)
/\EITOUpYioK PrER

— TtapdAAnAa => tayxutepa

* Kat, tehika, ptdoape otnv evottoinon (unified shaders) otmou
£XOULE Eva aUVOAO aTto idteg pikpég CPU Ttou pmtopouv va
xpnotpototnBouv og ottolodrmtote otddio tou pipeline (dnA. gite
wg vertex eite wg fragment shaders)

— Yuv kamotog scheduler Ttou ettiAéyet Ttota Ba xpnotpotoinBei Tou Kat
TOtTE
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GPPU history:
H ook 1I0eX YIX

vevikn xpnon (GP)
diog GlPU
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* GPGPUs:
— KatéBaopa kwdika (Un-ypa@ikng) epappoyns otoug shaders
— Tpowodoaoia pe dsdopeva (WG «<KOPUPES» /KAl UPEC)
— AttoteAéopata otov frame buffer

— Me avTlypagn Twv AmoTEAECHATWY OTN VN UPWV, UTIOPEL va
avatpopodotnbolv ta amoteAéopata otoug shaders yia epaltépw

emeCepyaoia K.o.K.
TEXTURE
MEMORY
VERTEX
BUFFER
S S S FRAME
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H onpuepivi

O{PXITEKTOVIKA
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* Oa xpnotpototnooupe tnv apyttektovikn twv CUDA GPU tng
NVIDIA, aA\d £toL Ttepitiou €ival OAeg ol auyxpoves GPU.

— CUDA = Compute Unified Device Architecture (Baoikd evoTtolnuévol
shaders TTou pTtopoUv va eKTEAETOUV YEVIKOU GKOTIOU KWOLKA)

* “multiprocessor” i} “streaming multiprocessor” (MP r} SM):

— TTOAAA pikpd cores (=shaders, TtaAlotepa ovopadovtav Kalt “processors”
“streaming processors”) TtIou EKTEAOUV OUYXPOVIOUEVA TNV (dla eVIOAN:
kaBapn opydvwon SIMD.

— KdaBe core €xel 01k TOU PIKP 1OLWTIKA LV (KaTtaxwpnTtég)
— YTtdpxet emtiong pikpn (KBs) kowvoxpnotn pvnpn avapeosa ota core tou SM

= UTTAPXOUV Kal AAAEG 2 Kolvoxpnoteg cache e1dikou okottou (read-only)

MYYO023 -- MAPAAAHAA LYZTHMATA KAI TIPOTPAMMATIZMOZ



CUDA
architecture: Aopun

evog SIMD
“multiprocessor”
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* To Instruction Unit €xel tnv evioAr Ttou ekteAoUv OAot, kabévag pe dika
Tou dedopéva

* Processor = TtoAU aTtAo core
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CUDA

architecture: Mix
TtAnpng GPU
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* GPU =1toA\a multiprocessors + pviun

* Kabe SM eival ave€aptnto atmo 1o aAlo
Kal UTtopei va ekteAel O1ko Tou KwdlKa.

— Apa SIMD opydvwan kai eKtéAean |ovo
E0WTEPIKA o€ Evav SM.

* H Device Memory gival ouvnBwg peydn
(Gbytes) kat xpnotpotoleital oxedov yia
Ta TTavia

* OtumtoAottteg caches givat yia
ETIITAYXUVON TNG TIPOCTIEAACNG OTNV
Device Memory (givat LKpEG OHWG)

* Ta GPUs éev emevdlouv o€ pvnun/caches
aMAAd o€ dpa ToAAd cores - yEVIKA OL UV LEG
TOUG TIPETIEL va Bewpouvtal apyEg.

MYYO023 -- MAPAAAHAA LYZTHMATA KAI TIPOTPAMMATIZMOZ
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[Nap&OsIyU:

NVIDIA P40
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GPU 1 NVIDIA Pascal GPU
CUDA Cores 3,840

Memory Size 24 GB GDDR5

H.264 1080p30 streams 24

Max vGPU instances

24 (1 GB Profile]

vGPU Profiles

1GB, 2GB, 3GB, 4GB,
6GB,8GB, 12GB, 24 GB

Form Factor

PCle 3.0 Dual Slot
(rack servers)

Power

250 W

Thermal

Passive

MYYO023 -- MAPAAAHAA LYZTHMATA KAI TIPOTPAMMATIZMOZ

30 SMs

128 cores/SM

24 GB device memory

Yto ouotnua parallax




host

Yuokeugg =ouvnBwg GPUs,
compute device

OpenCL platform:

[Tapopola AoyiKn,
LE XAAN OpoAoyic

aAAd kai n CPU Bswpeitat
./,/,,/////*””’// suoKeun
compute unit

-
- - - Ol ouoKeu£g attotehouvtal

amo compute units (=
it avtioToto Tou streaming

.L_
.L_

<«
- -_ multiprocessor tng CUDA)
== .
T~

Ta compute units amotehouvtal
ouvnBwg ato ouyxpoviopéva
(SIMD) processing elements

(= avtioTolyo tou core/processor
g CUDA)
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OpenCL memory:

[Tapopola AoyiKn,
UE XAAN OpOAOYIX
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Compute Device

Compute unit 7 Compute unit N
Private Private Private Private
memory 1 memory memory 7 memory
A A
v I
Local Local “
memory 1 memory N
4

Global/Constant Memory Data Cache

A F'y

Global Memory

A

Constant Memory

Compute Device Memory

MYYO023 -- MAPAAAHAA LYZTHMATA KAI TIPOTPAMMATIZMOZ

Local: avtiotolyn tng
shared memory otnv
CUDA

Global: avtiotowyn
tng device memory
otnv CUDA
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MYEO23

GPPUs: TtpoypaUUOTIOUOG

Lower-level: OpenCL, CUDA

KKAITIPOTPAMMATIZMOZ
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[TopAOEIYHO —

OpenCL Kkai
CUDA
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* H mapakatw ocuvaptnon (“kernel”) 8éAw va ekteAeotel otn
GPU:

void saxpy(int n, float a, float *b, float *c)
{

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

c[i] = a*b[i] + c[i];

* saxpy = Single-precision A times X Plus Y

MYYO023 -- MAPAAAHAA LYZTHMATA KAI TIPOTPAMMATIZMOZ



['1wg yivetal otnv

TIPAEN N EKTEAEOCN
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[MoAUTtAOKN Kat Xpovofopa diadikacia

1. [Mpémetva petagepBolv otnv GPU ta dedopéva (n, a, b kat c)

= Aevapkeivamiepaocoupe deikteg! Mpémel va petagpepbouv ta
TIEPLEXOUEVA TV SlaVUoUATwV (* EKTOG av UTIOoTNpIdeTal EVOTIOLNHEVN
uvAun petasu host kat device...)

2. 'Emerta mpemel va ekteAeotel o kwdikag tng ouvaptnong (kernel)
otnv GPU —“offloading”

= Aevéyouv idla yhwaoaoa pnxavng n CPU katn GPU...

= [lp€melva petappaotei exwplotd o kernel eite pokataBolika eite
v wpa tng ektédeong JIT)...

= [lpémelva petapepbei o kwdikdg tou otnv GPU

3. Avapovr) HEXPL va EKTEAEDTEL 0 KWOIKAG KAL TN CUVEXELA LETAPOPA
TWV ATIOTEAEOUATWY aTto tn uvAun tng GPU

MYYO023 -- MAPAAAHAA LYZTHMATA KAI TIPOTPAMMATIZMOZ
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#include <stdio.h>
#include <stdlib.h>
#include <CL/cl.h>
#define VECTOR_SIZE 1024

// OpenCL kernel which is run for every work item created.
const char *saxpy =

"__kernel \n"
"void saxpy(float a, \n"
" __global float *b, \n"
" __global float *c \n"
" \n”
" //Get the index of the work-item \n"
" int i = get_global_id(9@); \n"
" c[i] = a * b[i] + c[i]; \n"
"} \n";

int main(void) {
int i;
// Allocate space for vectors b and c in the host
float a = 2.0f;
float *b = (float*)malloc(sizeof(float)*VECTOR_SIZE);
float *c = (float*)malloc(sizeof(float)*VECTOR_SIZE);
for(i = @; i < VECTOR_SIZE; i++) {
b[i] = i;
c[i] = VECTOR_SIZE - i;
}

// Get platform and device information

cl_platform_id * platforms = NULL;

cl_uint num_platforms;

//Set up the Platform

cl_int clStatus = clGetPlatformIDs(@, NULL, &nhum_platforms);

platforms = (cl_platform_id *) malloc(sizeof(cl_platform_id)*num_platforms);
clStatus = clGetPlatformIDs(num_platforms, platforms, NULL);

Find the
device

//Get the devices list and choose the device you want to run on
cl_device_id *device_list = NULL;
cl_uint num_devices;

Create context

clStatus = clGetDeviceIDs( platforms[@], CL_DEVICE_TYPE_GPU, ©,NULL, &num_devices); ar1d.QLlelle

device_list = (cl_device_id *) malloc(sizeof(cl_device_id)*num_devices);
clStatus = clGetDeviceIDs( platforms[@],CL_DEVICE_TYPE_GPU, num_devices, device_list, NULL);

// Create one OpenCL context for each device in the platform
cl_context context;

context = clCreateContext( NULL, num_devices, device_list, NULL, NULL, &clStatus);
Allocate memory
@ device forb, ¢

// Create a command queue
cl_command_queue command_queue = clCreateCommandQueue(context, device_list[@], @, &clStatus);

// Create memory buffers on the device for each vector
cl_mem b_clmem = clCreateBuffer(context, CL_MEM_READ _ONLY, VECTOR_SIZE * sizeof(float), NULL, &clStatus);
cl_mem c_clmem = clCreateBuffer(context, CL_MEM_READ WRITE,VECTOR_SIZE * sizeof(float), NULL, &clStatus);

[ Copy b, c to device memory

// Copy the Buffer b and c to the device

clStatus = clEnqueueWriteBuffer(command_queue, b_clmem, CL_TRUE, ©, VECTOR_SIZE * sizeof(float), a, O,
NULL, NULL);

clStatus = clEnqueueWriteBuffer(command_queue, c_clmem, CL_TRUE, ©, VECTOR_SIZE * sizeof(float), b, @,
NULL, NULL);

// Create a program from the kernel source
cl_program program = clCreateProgramWithSource(context, 1, &saxpy_kernel, NULL, &clStatus);

// Build the program

r kernel
clStatus = clBuildProgram(program, 1, device_list, NULL, NULL, NULL); C eate kerne

// Create the OpenCL kernel

binary (compile) )

~

cl_kernel kernel = clCreateKernel(program, "saxpy_kernel", &clStatus);

Set kernel
arguments

// Set the arguments of the kernel
clStatus = clSetKernelArg(kernel, 0, sizeof(float), (void *)&a);
clStatus = clSetKernelArg(kernel, 1, sizeof(cl_mem), (void *)&b_clmem);

clStatus = clSetKernelArg(kernel, 2, sizeof(cl_mem), (void *)&c_clmem);

// Execute the OpenCL kernel on the list Execute kern6|

iy

size_t global_size = VECTOR_SIZE; // Process the entire lists

size_t local_size = 64; // Process one item at a time

clStatus = clEnqueueNDRangeKernel(command_queue, kernel, 1, NULL, &global_size, &local_size, O,
NULL, NULL);

// Read the cl memory c_clmem on device to the host variable c
clStatus = clEnqueueReadBuffer(command_queue, c_clmem, CL_TRUE, @, VECTOR_SIZE*sizeof(float), c, 0,
NULL, NULL);

// Clean up and wait for all the commands to complete.
clStatus = clFlush(command_queue);
clStatus = clFinish(command_queue);

Copy result (c)
from device

// Display the result to the screen
for(i = @; i < VECTOR_SIZE; i++)
printf("%f * %f + %f = %f\n", a, b[i], VECTOR_SIZE - i, c[i]);

// Finally release all OpenCL allocated objects and host buffers.

clReleaseKernel(kernel);
clReleaseProgram(program);

clReleaseMemObject (b_clmem); Cleanup

L A

clReleaseMemObject(c_clmem);
clReleaseCommandQueue(command_queue);
clReleaseContext(context);

free(b);

free(c);

free(platforms);

free(device_list);

return 0;
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#include <stdio.h> m
__global__

void saxpy(int n, float a, float *b, float *c)

int i = blockIdx.x*blockDim.x + threadIdx.x;
if (i < n) c[i] = a*b[i] + c[i];

}

int main(void)
{
int N = 1024;
float a = 2.0f;
float *b, *c, *d_b, *d_c;
b = (float*)malloc(N*sizeof(float));
c = (float*)malloc(N*sizeof(float));

Allocate memory
@ device forb, c

cudaMalloc(&d_b, N*sizeof(float));
cudaMalloc(&d_c, N*sizeof(float));

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

b[i] = i; :
c[i] = N-i; [ Copy b, cto devnceﬂ(&]
¥

cudaMemcpy(d_b, b, N*sizeof(float), cudaMemcpyHostToDevice);

cudaMemcpy(d_c, c, N*sizeof(float), cudaMemcpyHostToDevice);
Create and
// Perform SAXPY on 1M elements
execute kernel saxpy<<<1e24, 256>>>(N, a, d_b, d_c);
cudaMemcpy(c, d_c, N*sizeof(float), cudaMemcpyDeviceToHost);

float maxError = 0.0f; Copy result (C)
for (int i = @; 1 < N; i++) .
maxError = max(maxError, abs(c[i]-(a*i+N-i))); from deVlce

printf("Max error: %f\n", maxError);

cudaFree(d_b);
cudaFree(d_c);
o \[ Cleanup ]

free(c);
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Eivai ehappd tpomtottotnpevn C

'E)(ElfléGCl Toug kernels (guvaptroelg
__global__ ) kaitov kwbdikatou 6a
ekteAéoeL 0 host.

A€oUEUOT) XWPOU OTN OUOKEUT]
(cudaMalloc), petapopa dedouevwy
otn ouokeun (cudaMemcpy)

Offloading (saxpy<<< .. >>>)

MeTapopa amoTeAEOUATWY ATio TN
OUOKEUN

Mikpdtepog kwdikag ato tnv OpenCL (n
oTtola TtpooTaBei va eival evieAwg yevikn
Kal va O0UAEUEL Oyt povo yia GPUs)

— av opwg uttapyouv >1GPUs, xpetdletat
KwdLkag va eTiAexBel n cuokeun ala-
OpenCL

Compile pe nvee (NVidia compiler)

— Trapdyetal €va KOPUATL TIOU EKTEAEL O
host kat ot kernels Ttou ekteAei n GPU.



CUDA -

TIPOYPAUUOTIOTIKO
HOVTEAO

PARALLEL
PROCESSING
GROUP

* O kernel ekteAeitat amo (ttoA\a) CUDA threads
— '‘O\a ta vpata ekteAouyv tov id1o kernel

* TavAuata opadototovvtal o€ Aoyika blocks
* Ta blocks opadotolotvtal o€ €va Aoyiko grid

* Emopévwg, évag kernel teAika exteAeitat amo eva grid amo blocks ato threads.

* TomtAnBog twv block tou Ba €xet to grid (1024), kat to TARB0g Twv threads
Ttou Ba €xel kaBe block (256) divovtal wg tapapetpot oto offloading:

saxpy<<<1024, 256>>>(N, a, d_b, d_c);

* TomAnBog twv vnuatwy ava block tpemet va eivat < 1024.

* Me Baon tnv apxitektovikn twv GPU tng NVidia kat yia Adyoug ettidooewy,
KaAo sivat to mAnBoc twv vyudtwy o< kabe block va sivai moAAamAdaio Tou 32.

MYYO023 -- MAPAAAHAA LYZTHMATA KAI TIPOTPAMMATIZMOZ
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* TomtAnBog twv block Ttou Ba €xetto grid (1024), kat to TARB0G Twv threads
Ttou Ba €xel kaBe block (256) divovtal wg tapapetpot oto offloading:

saxpy<<<1024, 256>>>(N, a, d_b, d_c);

* levika, eTiitpémetal n opyavwon twv threads kat twv block oe 1D-3D
oxnuata, 6nAadn, T.x. ta 256 vauata tou block Ba pmtopoloav va ivat
€va 3-0laotato ouvoAo atd 8x8x4 vrpata kat ta blocks va givat guvolo
ato 16x8x8 blocks wg e€ng:

dim3 nblk(16,8,8), nthr(8,8,4);
saxpy<<<nblk, nthr>>>(N, a, d b, d c);
* MNapoti—TmaAt—1024 blocks twv 256 threads to kaBéva, Ttaipvw TIAEov Ta
id Toug péoa ato pia TpIAETa, Ti.X. To vijpa 11 €ivat to (0,2,3).

* Toav eivatopyavwpéva o 1D /2D / 3D gival povo Bspa mpoypayuatiotikoU
«PBoAépartoc» kai Timote dAAo (Tr.X. av EXoupe Ttivakeg BoAguel n 2D
opydvwaon/apibunaon). Aev emnpedlel Tic emOO0EIC.

MYYO023 -- MAPAAAHAA LYZTHMATA KAI TIPOTPAMMATIZMOZ
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* Méoa oe €vav kernel uttapyet tpooBaon otig e€ng petaPAnteg, ot
oTtoleg eivat 0Aeg 3D:
— gridDim —T1tooa blocks uttdpyouv otnv kaBe diaotaon (x/y/z) tou grid
— blockDim —1t60a threads uttdpyouv otnv kaBe diaotaon (x/y/z) tou block
— blockldx —index tou block péoa oto grid
— threadldx —index tou thread péoa oto block

__global  void saxpy(int n, float a, float *b, float *c)

int i = blockIdx.x*blockDim.x + threadIdx.x; /* 1D */
if (i < n) c[i] = a*b[i] + c[i];

* 'ET0L, TL.X. 0TN YEVIKN TtEpiTiTwon av 0EAape va Bpoupe o (global)
thread ID evog vAuatog otav o kernel kAnBnke pe 3D oxnua, Ba
elyape:

int globalThreadID = (threadIdx.z*blockDim.y + threadIdx.y)*blockDim.x
+ threadIdx.x;

MYYO023 -- MAPAAAHAA LYZTHMATA KAI TIPOTPAMMATIZMOZ
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CUDA - povteho
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* 'Eva CUDA thread ekteleital ato €va core
* 'Eva tpoypappatiotiko block avatiBetal og éva SM yia ektéAeon.
* Ta SMs ekteAoUv ta vAapata tou block ava 32adeg (“warps”).

* Méoa o€ €va warp ta vipata ekteAovvtal ouyxpoviopéva (SIMD
EKTENEDN)

- Mpoooyxn ota branches!! (emopevn biapdveia)

MYYO023 -- MAPAAAHAA LYZTHMATA KAI TIPOTPAMMATIZMOZ
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CUDA - povteho

EKTEAEONG

PARALLEL
PROCESSING
GROUP

* AgpoU 0Aa ta cores ekteAoUV TNV (dta evioAn (SIMD), Ttwg exteAeital

0 Ttapakdatw kwdikag atnv GPU;

/* Kwdikag p€ca otov kernel */
if (<condition>)
<A>
else
<B>

* Attavtnon:
— AUOTUX WG GELPLOTIOIOUVTAL OL TIEPLOXEG <A> Kal <B>

—'Ooa cores oto <condition> Bydlouv FALSE attevepyoTotouvtal— kat OAa
Ta AAAa ekteAOUV TO <A>

— YTV OUVEXELA ATTEVEPYOTIOlOUVTAL Ooa cores £xouv <condition> TRUE —
Kal OAd Ta dAAa ekteAoUV To <B>

- Apa UEIWON TwV EMOOTEWY — T[pET[El va anocpsuyovml ta TtoAAd branches
Kat otav oupBalvouv va eival €101 SlapopPwUEVa WOTE va Hnv
oupfaivouv ouxva péoa ato (610 warp (amoguyn “warp divergence”).

MYYO023 -- MAPAAAHAA LYZTHMATA KAI TIPOTPAMMATIZMOZ
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MovTteAo UVAHNG

VIO ToUG Rernels
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Mapéexetat amo tnv shared memory
Tou SM. T.x. brAwaon:

__shared  int x;

Mapéxetal amno tnv device memory
NG KApTag. Ekel pmaivouv .. ta
opiopata tou kernel. M.x. dnAwon:

__device  int x;

Mapéxetat amo tnv device memory
NG KAptag miong (=> apyn!!).

Exel umtaivouv autopata ToTiikEg
HEeTaPANTEG EVOG VALATOG TTOU OeV
XwpoUv 0ToUG registers.

Mapéxetat amo tnv device memory

Tou SM (6uwg cached). M.x. dnAwaon:

__constant__ int x;

25



CUDA OpenCL

Thread Work item

Block Work group

[lapEvOeonN:

opoAoyia OpenCL Crid  NDRange
Thread index Local ID

Thread ID Global ID

Warp (32) Wavefront (32/64 yia AMD,
8/16/32 yia Intel)
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GPPUs: TtpoypaUUOTIOUOG

Higher-level: OpenMP

KKAITIPOTPAMMATIZMOZ
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Me OpenMP
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* Alyo o amAa ©

void saxpy(int n, float a, float *b, float *c)
{
#pragma omp target map(to: a,b[0:n]) map(tofrom: c[0:n])
for (int i = 0; i < n; ++i)
c[i] = a*b[i] + c[i];

* Kat umopw va xpnoipoTolnow Kal ta TtoAAd cores twv GPU:

void saxpy(int n, float a, float *b, float *c)
{
#pragma omp target map(to: a,b[@:n]) map(tofrom: c[@:n])
#pragma omp parallel for
for (int i = 0; 1 < n; ++i)
c[i] = a*b[i] + c[i];

MYYO023 -- MAPAAAHAA LYZTHMATA KAI TIPOTPAMMATIZMOZ
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* [a avtiotoixion/petagpopd twv 0edopEVwY HeTasu host Kal
device

-map(to:x,y) - - > 0 host 6vo aTEAVEI OTH OUOKEUN Td X,y
-map(from:x,y) - -> 0 host povo AayBdver ard Ty GUTKEUN TA X,y
-map(tofrom:x,y) --> kaitaduo

-map(alloc:x,y) - -> 1a X,y 6ev atéAvovtal kai 0ev AapPdvovtal

* Ta dedopEVA LETAPEPOVTAL TIPLV «KATERE 0 KWOLKAG
(“offloading” o1n cuokeun) aAAd KAt LETA TO TIEPAG TNG
EKTEAEDNC

* Av n ouokeun kat o host €xouv kolv pvRpn, Ttlavwg dev
ATTaITouVTal LETAPOPES OEOOUEVWIV

MYYO023 -- MAPAAAHAA LYZTHMATA KAI TIPOTPAMMATIZMOZ
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ATTtOUYN

TTOAAOTIAWY
LETO(POPWV
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* Av exoupe TtoAlatthous kernels kat kattola dedopieva Tou xetpidovtal eivat kowa,
UTTOPOULLE VA ATTOPUYOULE TIG TIOAAATIAEG HETAPOPES e Tnv odnyia target data

#pragma omp target data map(to: a,b[0:n])

{
printf("lauching 1st kernel\n"); /* Host code */
#pragma omp target map(tofrom: c[@:n])
for (int i = 0; 1 < n; ++1i)
c[i] = a*b[i] + c[i];
printf("lauching 2nd kernel\n"); /* Host code */
/* a and b are already there! */
#pragma omp target map(tofrom: d[@:n])
for (int i = 0; i < n; ++1)
d[i] = a*b[i] + d[i];
}

MYYO023 -- MAPAAAHAA LYZTHMATA KAI TIPOTPAMMATIZMOZ
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AAAEC AelToUpyieg
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* Odnyia declare target

— Opiel global petaBAntég kat cuvapTAoELg TTOU TIPETIEL VA UTIAPYOUV KAl
OTN OUOKEUN

* Odnyia target update

— O host pumopei va evnuepwvel pntd KATIOLEG LETABANTEG ATIO/TTPOG TN
OUOKEUN, ekTOg TiEploxwv target.

* O6nyia teams

— Xwplilel Ta cores TNG CUOKEUNG 0€ OUAdEG Kal B€tel 1 o€ KABe opdda wg
apxnyo

* Odnyia distribute
— Molpadet tig emavaAnyelg evog for atoug apynyous Twv opddwy

— Av petd akoAouBei kat odnyia parallel for, ot emavaAnyeig tou TtEpTouv
o€ kaBe opuada, ektehouvtal TtapdAAnAa ato oAd ta vipata tng opadag

* KATT

MYYO023 -- MAPAAAHAA LYZTHMATA KAI TIPOTPAMMATIZMOZ
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Updates
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* Av exoupe TtoAlatthous kernels kat kattola dedopieva Tou xetpidovtal eivat kowa,
UTTOPOULLE VA ATTOPUYOULE TIG TIOAAATIAEG HETAPOPES e Tnv odnyia target data

#pragma omp target data map(to: a,b[@:n])
{
#pragma omp target map(tofrom: c[@:n])
for (int i = 0; 1 < n; ++1i)

c[i] = a*b[i] + c[i];

a *= 2; /* larger a */

#pragma omp target update to(a) /* send new value to device */

/* a and b are already there! */

#pragma omp target map(tofrom: d[@:n])
for (int i = 9; i < n; ++i)
d[i] = a*b[i] + d[i];

MYYO023 -- MAPAAAHAA LYZTHMATA KAI TIPOTPAMMATIZMOZ
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target leams

distribute parallel
for
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*‘Otav otoxevoupe o€ ouokeuég GPU, yia tn dtapoipaon
ettavaAnyewv ouvnBidetal nxprnon tng odnyiag target
teams distribute parallel for

* Humo-odnyia target teams distribute apyikd 6a
dnuLoupynoet Evav aplipd amo opddeg kal Ba dtapolpdoel Tig
ETTAVAANPELG OTOUG apxnyoug

— Otopadeg tooduvapouyv pe ta “CUDA blocks”

* Hutmo-odnyia parallel for Badnuioupynoet €éva tAnbog
VNUATwV ava opada Kal ta vipata 8a ekteAéoouv TtapdAAnAa
TIG ETTAVAANPELG TWV APXNYWV TOUG

— TavAuata twv opddwy tooduvapouy pe ta vapata twv CUDA blocks

MYYO023 -- MAPAAAHAA LYZTHMATA KAI TIPOTPAMMATIZMOZ
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#pragma omp target map(to: a,b[0:n]) map(tofrom: c[@:n])

{
#pragma omp teams
{
ME}JOVU)”éVECJ #pragma omp distribute
2 {
EH(P(Q)\EUHEVEQ #pragma omp parallel for
OO0NYIES for (int i = @; i < n; ++i)
c[i] = a*b[i] + c[1i];
}
}
}

PARALLEL
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GROUP



[ Anpioupyei éva TABog CUDA blocks Anpioupyei éva TABog CUDA threads ]

ZUVBEJO(O-”EVH #pragma omp|target teams |[distribute(|parallel| for \
Oér]VlO( map(to: a,b[@:n]) map(tofrom: c[0:n])

O() Oué(égg - for (int i = 0; i < n; ++i)
VALIOTO! c[i] = a*b[i] + c[i];

PARALLEL
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[ 1°¢ diapolpacuog: Apxnyoi Twv blocks [ 2° diauolpaouds: Niuata tou KaBe block

Zuvﬁuo(gpévn #pragma omp target teams [distribute]|parallel [for] \
’ map(to: a,b[@:n]) map(tofrom: c[0@:n])
Oar]VlO( for (int i = 0; i < n; ++1)

3) ETtavaAnyeig c[i] = a*b[i] + c[i];
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Compilers kai

high-level
offloading
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* Yrootnpi§n amd GCC, Clang/LLVM

— Mpémetva éxelyivel build o compiler pe 1dika flags (o1 cuvnBeig eykataotaoelg toug
dev tapéyouyv offloading)

- Amtartouvtal e1dika flags katd tn peTA@pacn Tou TTPOYPALATOG TOU XPNOTH

= GCC: -fopenmp -foffload=<target> -foffload-options=.
(target=nvptx-none rj amdgcn-amdhsa)

= Clang:: -fopenmp -fopenmp-targets=<target>..
(target=nvptx64-nvidia-cuda f amdgcn-amd-amdhsa)

— Ta NVIDIA GPUs kat ttio mpoogata yia AMD GPUs
* O OMPitapeyel evowpatwpevn uttootnplén NVIDIA GPUs (AMD ocovoutiw)

* Mpoopata o véog petagpaaotng nve (0xt o nvee) tng NVIDIA uttootnpidel
OpenMP offloading og vedtepeg GPUs tng

* Ymootrptsn OpenACC — Kt auto pe 0dnyieg #pragma TtapOLOLES LE TO
OpenMP Opwg OxL T000 YeVIKO 600 10 OpenMP, pe TtANpn «e§eldikeuan» o€
GPUs kat ox1 tooo yia tnv CPU.

— Mo amAég odnyieg yia offloading
— Mpoopépel eUKOAIEG TIANPWS AUTOUATNG TtapaAAnAoTtoinong kamotwv loops
- Ymootnpiletal Baoika atmo kamnoleg etaipeieg (kupiwg NVIDIA)

MYYO023 -- MAPAAAHAA LYZTHMATA KAI TIPOTPAMMATIZMOZ
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