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* Ta oUyxpova cUOTAHATA EIVaL TIAEOV ETEPOYEVA.

* [1.x. TtavtoU UTIAPXEL KAl EVAG CUV-ETIESEPYATTNG (CO-
processor) ) €vag eTtitayuvtng (accelerator) n pia kapta
ypapikwv (GPU)

* E1dika ot GPU eivat tAéov GPGPU (General-purpose GPU)

— MTtopouv va eKTEAETOUV YEVIKOTEPOU OKOTIOU TtpoypAppata, TEpa
aTro AUTd TNG ypagIkng eTteepyaaiag

— «KateBaloupe» kwdika atnv GPU
— Tov extelein GPU (dev dwypapilel kATt otnv 006vn Ttpopavwg)

— Maipvoupe ta amoteAéopata

* Y& apKeToUG TUTTOUG UTtoAoyIopwV ot GPUs kal yevikotepa ol
ETUTAXUVTEG €IVal TAXUTEPOI ATIO TOUC KEVTPIKOUC ETTEEEPYATTEC
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* Mpokelpévou va avamapayBei pia 3A oknvr otnv 000vn, uttdpyel
Lia oglpd emeepyaciwy Trou arattouvtal, TTou ovopddovial
OUVOALKA graphics pipeline.

* Katoteg amo (oxed0v OAEQ) TIg eTIEEEPYATIEG AUTEG TIG UAOTIOLOUV
oto hardware ot kapteg ypa@ikwyv (GPUs)

* XovOpIKO, attAoTtotnpévo diaypappa:

GPPU history:

Graphics pipeline C o (]
e
= CE e
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TEXTURE
MEMORY
VERTEX
BUFFER

FRAME
- —eae-

* H oknvn mteplypagetal atmod Kopugeg (vertices) atov 3A Xwpo

GPU hiStOI’Y' * To TTpWTO 0TAOLLO TTAIPVEL KOPUYEG, TIG
R emeCepydletal/petaoxnuatidel/pwtilel/divel uPEG Kal Ttapayel cUVOAO
/A\&gIToU PYIX Tplywvwv. ETtiong kavel tpofoAn tn oknvng atod tov 3A Xwpo o€

ameikovion otov 2A xwpo [ vertex shaders]

* To deUtepo 0TASLO XPNOLUOTIOLEL Pia «KAVVA0» WOTE 0 CUVEXNG XWPOG Va
pneolomotnBei og tetpaywvidla (fragments) — kabe fragment teAikd Ba
amotutiwBOei oe 1 pixel atnv 0Bdvn.

* To tpito otddio emteepydletal/petaoynuatidet/pwtilel/divel
upég/uttoloyilel opatotnteg ota fragments kal tapayet tnv £€§060 wg 1
pixel / fragment pe ouykekplpévo teAiko xpwpa. [ fragmentshaders]
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GPPU history:

A\gIToupyic
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TEXTURE
MEMORY

VERTEX
BUFFER
> > S FRAME

* ApxiKka: fixed-function pipeline

— Ot Aettoupyieg Kat o UALKO o€ kdBe otddio nrtav pokabopilopéva (Tr.y. yia
PWTIOUO TNG oknvng) —ot shaders Ntav kukAwpata e161Kou GKOTIoU.

— To TTOAU-TTOAU va uTtrpXe pikpr eTtihoyn amo fixed Asitoupyieg

* Metémelta: programmable pipeline

— Otshaders €yivav pivi eme€epyaotég Katl ptopoUoav va EKTEAEGOUV
ottotadnmote akoAouBia evioAwv eTtdvw o€ pia kopugn (vertex shader) n
o€ éva fragment (fragment/pixel shader).

— O TtpoypapUATIOTHG YpAd@EeL Kwoika (tr.x. o HLSL, GLSL, Cg), tov
«kateBale o€ évav shader kal otn ouveEXELa 0 KWOLKAG EKTEAEITAL yIa
KABe 6eOOUEVO TTOU TIEPVAEL ATIO AUTOV.
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GPPU history:

A\gIToupyic
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* Meyebn dedopévmwv
— Kopupég: ekatoppupia, floating point
— Pixels: dioekatoppipia, fixed point

* Motpaia, ot shaders €yivav moAAol o kAaBe otadio:

— TIOAAATIAEG pIKpES Kat attAeg CPU (ALU Baaoikad) tou pmtopoucav va
KAVOUV TIPASELS

— eKTEAOUV TOV (810 «KATEPATUEVO» KWOIKA TAUTOXPOVA OE OLAPOPETIKA
vertices/pixels (SIMD!!)

— TtapdAnAa =>taxutepa

* Kat, tehikd, ptdoaps otnv evottoinon (unified shaders) otou
£XOULLE Eva aUVoAo aTto idieg pikpég CPU Ttou pmtopouv va
xpnotpototnBouv og ottolodnmote otddio tou pipeline (dnA. gite
wg vertex eite wg fragment shaders)

— Yuv kamotog scheduler Ttou eTtiAéyet Ttota Ba xpnotpotoinbei Tou Kat
TOTE

MYEQO23 -- MAPAAAHAA LYZTHMATA KAI TIPOTPAMMATIZMOZ



GPPU history:
H ook 1I0eX YIX

vevikn xpnon (GP)
dioag GPPU
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* GPGPUs:
— KatéBaopa kwdika (Ln-ypa@ikng) epappoyns otoug shaders
— Tpopobdoaia pe dsdopéva (WG «<KOpUPES» /KAl UPEC)
— AmtoteAéopata otov frame buffer

— Me avtiypagn Twv attoTEAECUATWY 0T UVALLN UPWV, UTIOPEL va
avatpogodotnBolv ta amoteAéopata otoug shaders yia mepattépw

emeCepyaoia K.o.K.
TEXTURE
MEMORY
VERTEX
BUFFER
S S S FRAME
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* Oa ypnotpototnooupe tnv apyttektovikn twv CUDA GPU tng
NVIDIA, aA\d €toL Ttepitiou ival OAeg ot auyxpoveg GPU.

— CUDA = Compute Unified Device Architecture (faoikd evottoinpévol
shaders Ttou pTtopouv va eKTEAETOUV YEVIKOU OKOTTIOU KWOLKA)

* “multiprocessor” i} “streaming multiprocessor” (MP 1} SM):

— TTOAAQ piKpd cores (=shaders, TTaAiotepa ovopalovtav Kal “processors”
“streaming processors”) Ttou EKTEAOUV GUYXPOVIOHEVA TNV (O1a EVTOAR:
kaBapn opydavwan SIMD.

— KdbBe core €xel 61k TOU HIKPN OLWTIKA HVAUN (KATAXWPNTES)
— YTdpyel emiong pikpr) (KBs) kowvoxpnotn pvhpn avapeosa ota core tou SM

= UTIAPXOUV Kal AAAEG 2 Kolvoxpnoteg cache €101kou okoTtou (read-only)

MYEQO23 -- MAPAAAHAA LYZTHMATA KAI TIPOTPAMMATIZMOZ



CUDA
architecture: Aopun

evog SIMD
“multiprocessor”
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* To Instruction Unit £xel TnVv evIoAr Tou ekteAoUV OAol, kabevag pe dika
ToU O€dOEVA

* Processor = TtoA\U aTt\oO core

MYEQO23 -- MAPAAAHAA LYZTHMATA KAI TIPOTPAMMATIZMOZ



CUDA

architecture: Mio
TtAnpng GPU
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* GPU =moAAd multiprocessors + pviun

* KaBe SM gival ave€aptnto ato 1o aAAo
Kal UTTopEl va eKTeAEL O1KO TOU KWOLKA.

— Apa SIMD opydvwan Kal EKTEAEGH Yovo
EOWTEPIKA 0 Evav SM.

* H Device Memory sivat ouviBwg peyain
(Gbytes) katxpnotpotoleital axedov yia
Tadvta

* OtuttoAottieg caches sivat yia
ETIITAXUVON TNG TIPOOTIEAATNG OTNV
Device Memory (eival PIKPEG OHWG)

* Ta GPUs d¢v emevduouv ag pvnpn/caches
dAAd o Tdpa ToAAd cores - YEVIKA OL UV LEG
TOUG TIPETIEL va BewpouvTtal apyEg.

MYEQO23 -- MAPAAAHAA LYZTHMATA KAI TIPOTPAMMATIZMOZ
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[TapaOEIyHQ:

NVIDIA P40
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GPU 1 NVIDIA Pascal GPU

CUDA Cores 3,840 >
Memory Size 24 GB GDDR5S

H.264 1080p30 streams 24

Max vGPU instances

24 (1 GB Profile)

vGPU Profiles

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

Form Factor

PCle 3.0 Dual Slot
(rack servers)

Power

250 W

Thermal

Passive

MYEQO23 -- MAPAAAHAA LYZTHMATA KAI TIPOTPAMMATIZMOZ

30 SMs
128 cores/SM
24 GB device memory

Yto ouotnua parallax
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host

Yuokeugg = ouvnBwg GPUs,
compute device

OpenCL platform:

[TapopoIx AoVIKN,
UE XAAN opoAoyic

aAAd kat n CPU Bswpeitat
/ O'UO'KEUl"l
compute unit

-
- - - Ol ouoKeUEG amoTeAouvTal

amo compute units (=
|t 1: .
Sk St avtioTolyo Tou streaming

<«
- - - multiprocessor tng CUDA)

.L_
.L_

Ta compute units amoteAouval
ouvnBwg amo ouyxpoviopéva
(SIMD) processing elements

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

[TapopoIx AoVIKN,
UE XAAN opoAoyic
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Compute Device

Compute unit 7 Compute unit N
Private Private Private Private
memory 1 memory memory 7 memory M
F Y A
v I
Local Local <«
memory 71 memory N
\ 4

Global/Constant Memory Data Cache

[y A

Global Memory

A

Constant Memory

Compute Device Memory

MYEQO23 -- MAPAAAHAA LYZTHMATA KAI TIPOTPAMMATIZMOZ

Local: avtiotoixn tng
shared memory otnv
CUDA

Global: avtiotoixn
ng device memory
otnv CUDA
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MYEO23

GIPUs: TtpoypOHUOTIONOGC

Lower-level: OpenCL, CUDA
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[lopaOEIyHO —

OpenCL Ko
CUDA
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* H mapakatw ocuvdaptnon (“kernel”) 0éAw va ekteAeotei otn
GPU:

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

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

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

* saxpy = Single-precision A times X Plus Y

MYEQO23 -- MAPAAAHAA LYZTHMATA KAI TIPOTPAMMATIZMOZ
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[1wg yivetal otnv

TIPAEN N EKTEAEDN
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[MoAUTtAOKN Kat Xpovofopa dladikacia

1. NMpémneiva petapepbouv otnv GPU ta dedopéva (n, a, b kat c)

= Aevapkeivaiepacoupe deikteg! Mpemel va petagpepbouv ta
TIEPLEXOUEVA TV SlavuoUATwV (* EKTOG av UTIOoTNPIdETAl EVOTIOLNHEVN
uvAun petadu host kat device...)

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

= Aevéyouv idla yhwoaoa unxavng n CPU katn GPU...

= [lpémelva petappaotei Sexwplotd o kernel eite pokatafolika eite
Vv wpa tngs ektédeong JIT)...

= [pémelva petagpepbei o kwdikdg tou otnv GPU

3. Avapovn HEXPL VA EKTEAETTEL 0 KWOIKAG KAl OTN OCUVEXELA PETAPOpdA
TWV ATIOTEAEOPATWV atto tn pvAun thg GPU

MYEQO23 -- 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(®); \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, &num_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.QIielle

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 for b, c

// Create a command queue
cl_command_queue command_queue = clCreateCommandQueue(context, device_list[@], 0, &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, 0,
NULL, NULL);

clStatus = clEnqueueWriteBuffer(command_queue, c_clmem, CL_TRUE, ©, VECTOR_SIZE * sizeof(float), b, 0,
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

inar mpil
// Create the OpenCL kernel b ary (CO p e) )

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

// Set the arguments of the kernel Set kernel
clstatus = clSetKernelArg(kernel, @, sizeof(float), (void *)&a); arguments
clStatus = clSetKernelArg(kernel, 1, sizeof(cl_mem), (void *)&b_clmem); J
clStatus = clSetKernelArg(kernel, 2, sizeof(cl_mem), (void *)&c_clmem); N
// Execute the OpenCL kernel on the list Execute kernel

J

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, 9o,
NULL, NULL);

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

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

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

free(b);

free(c);

free(platforms);

free(device_list);

return 0;

L A

Cleanup ]

MYEQO23 -- MAPAAAHAA LYZTHMATA KAI TIPOTPAMMATIZMOZ 18



#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));
¢ = (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 = @; 1 < N; i++) {

bli] = i; :
c[i] = N-i; [ Copy b, cto devw&]
}

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

cudaMemcpy(d_c, c, N*sizeof(float), cudaMemcpyHostToDevice);
Create and T ’ ’
// Perform SAXPY on 1M elements
execute kernel saxpy<<<1024, 256>>>(N, a, d_b, d_c);

cudaMemcpy(c, d_c, N*sizeof(float), cudaMemcpyDeviceToHost);

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

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

cudaFree(d_b);
cudaFree(d_c); Cl
free(b); eanup

free(c);

PARALLEL
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Eivai ehappd tpomtottoinpevn C

'E)(ElfléO'Cl Toug kernels (guvaptroeig
__global__) kaitov kwbdikatou 6a
eKTEAETEL O host.

Aéopeuo }d)pou OTNOUOKEUN
(cudaMalloc), petagpopad dedopevwv
0Tn ouokeur (cudaMemcpy)

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

MeTapopa amoTeAEOUATWY ato T
OUOKEUN

MikpoTepog kwdikag amo tnv OpenCL (n
oTtola TtpooTtabei va givat eVIEAWG YEVIK)
Kalva SouAeUel Oyt povo yia GPUs)

— av opwg uttapyouv >1 GPUs, xpelaletal
KwdlKag va eTiAeXOel N ouokeun aia-
OpenCL

Compile pe nvee (NVidia compiler)

— TapdyeTal €va KOUUATL TIOU EKTEAEL O
host kat ot kernels Ttou ekteAei n GPU.

19
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* O kernel ekteAeitat amo (TtoAAa) CUDA threads
— '‘OAa ta vijpata ekteAouv tov idto kernel

* Ta vApata opadototouvtal o€ Aoyikd blocks
* Ta blocks opadottolouvtal o€ €va Aoyiko grid

* Etopévwg, évag kernel teAika exteAeital amo eva grid amo blocks ato threads.

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

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

* TotAnBog Twv vnudtwv avad block tpémel va givat <1024.

* Me Baon tnv apxitektovikr twv GPU tng NVidia kat yia Adyoug eTtidooewy,
KaAo sivat o mAnboc twv vnudtwy og kabe block va sivai moAamAdoio Tou 32.

MYEQO23 -- MAPAAAHAA LYZTHMATA KAI TIPOTPAMMATIZMOZ
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* TomtAnBog twv block Ttou Ba €xetto grid (1024), kat to TARBog Twv threads
Ttou Ba €xel kaBe block (256) divovtal wg tapapetpot oto offloading:

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

* Tevikd, emitpémetal nopydvwon twv threads kat twv block oe 1D-3D
oxnuata, dnAadn, .x. Ta 256 vijpata tou block Ba pmtopoucav va givat
€va 3-01dotato ouvoAo ato 8x8x4 vipata kat ta blocks va eivat guvolo
amo 16x8x8 blocks wg e€ne:

dim3 nblk(16,8,8), nthr(8,8,4);
saxpy<<<nblk, nthr>>>(N, a, d b, d c);
* Mapoéti—mdAt—1024 blocks twv 256 threads 1o kaBéva, Ttaipvw A€oV Ta
id Toug p€oa ato pia tpiA€Ta, TT.X. To VApa 11 eivat 1o (0,2,3).

* To av eivat opyavwpéva oe 1D [ 2D /3D eivail pdvo Bépa mpoypapuatiotikou
«BoAépatoc» kai Timote dAo (TT.X. av Exoupe Ttivakeg foAgueln 2D
opyavwaon/apiBunon). Aev emnpedlei Tic emdO0EIC.

MYEQO23 -- MAPAAAHAA LYZTHMATA KAI TIPOTPAMMATIZMOZ
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* Méoa oe €vav kernel uttapyel tpooBaon otig e€ng petaPAnteg, ot
oTtoleg eivat 0Aeg 3D:
— gridDim —mtooa blocks uttapyouv otnv kabe diaoctaon (x/y/z) tou grid
— blockDim —ttooa threads uttapyouv 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 (1 < n) c[i] = a*b[i] + c[i];

* 'ET0L, TL.X. 0TN YEVIKN TtepiTtwon av BEhape va fpoupe to (global)
thread ID evdg vAuatog otav o kernel kAnBnke pe 3D oxnua, Ba
glxape:

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

MYEQO23 -- MAPAAAHAA LYZTHMATA KAI TIPOTPAMMATIZMOZ
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* 'Eva CUDA thread sxteleltal atto €va core

* ‘Eva Ttpoypappatiotiko block avatiBetal og éva SM yia ektéleon.

* Ta SMs ekteAouv ta vipata tou block ava 32dadeg (“warps”).

* Méoa og éva warp ta vijpata ekteAouvtal ouyxpoviopéva (SIMD
EKTENEDN)

— Mpoooxn ota branches!! (emopevn b1apdveia)

MYEQO23 -- MAPAAAHAA LYZTHMATA KAI TIPOTPAMMATIZMOZ
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* Apou oAa ta cores ekteAouv tnVv idta evtoAn (SIMD), Ttwg exteAeital

0 Ttapakatw Kwodikag otnv GPU;

/* Kwdikag péoca otov kernel */
if (<condition>)
<A>
else
<B>

* Attdvinon:
— AUOTUXWG GELPLOTIOLOUVTAL Ol TIEPLOXEG <A> Kal <B>

—'‘Ooa cores ato <condition> Byalouv FALSE amevepyoTolouvtat — Kat OAa
Ta AAAa ekteAOUV TO <A>

— YTV OUVEXELA ATTEVEPYOTIOloUVTAL Ood cores £xouv <condition> TRUE —
Kal OAd Ta dAAa ekteAoUV o <B>

- Apa UEIWON TV EMO0TEWY — T[pET[El va cmocpsuyovrcu Ta TToAAA branches
Kal otav ou uBcuvouv va eival €101 SlapopPWHEVA WOTE vd NV
oupPaivouv ouyvad pEoa ato i6lo warp (amoquyn “warp divergence”).

MYEQO23 -- MAPAAAHAA LYZTHMATA KAI TIPOTPAMMATIZMOZ
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MovTtEAOo UVAHNG

VIO TouG Rernels
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Mapéxetal amno tnv shared memory
tou SM. MN.x. dnAwaon:

__shared___ int x;

Mapéxetat amo tnv device memory
NG Kaptag. Ekel pmaivouv m.y. 1a
opiopata tou kernel. MN.x. dnAwaon:

__device  int x;

Mapéxetatl amo tnv device memory
NG KApTag emiong (=>apyn!!).

Exkel umtaivouv autopata ToTILKES
HETABANTEG EVOG VA HATOG TTOU Oev
XWpPoUV 0ToUG registers.

Mapéxetal amo tnv device memory

ToU SM (6pwg cached). M.x. dnAwon:

__constant__ int x = 10;
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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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MYEO23

GIPUs: TtpoypOHUOTIONOGC

Higher-level: OpenMI[P
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Me OpenMP
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* AiyoTtio amAd ©

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

* Kat umopw va XpnolloTotow Kat 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[0@:n])
#pragma omp parallel for
for (int i = 0; 1 < n; ++1i)
c[i] = a*b[i] + c[i];

MYEQO23 -- MAPAAAHAA LYZTHMATA KAI TIPOTPAMMATIZMOZ
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* [a avtiotoixton/petapopd twv 0eOoHEVWY HETASU host Kal
device

-map(to:x,y) - -> 0 host yovo oTéAvel 0TH GUTKEUN Td X,y
-map(from:x,y) - -> 0 host povo Aaufdver amo Ty oUGKEUN Td X,y
-map(tofrom:x,y) --> kaitaduo

-map(alloc:x,y) - -> Ta X,y 0ev atéAvovtai Kal 6ev Aayfdvovtal

* Ta dedopEVa LETAPEPOVTAL TIPLV «KATERE 0 KWOLKAG
(“offloading” o1n cuokeun) aAAd kat LETA TO TIEPAG TNG
EKTEAEDNG

* Av n ouokeun kat o host €xouv kotv pvRpn, Tavwg dev
ATIAITOUVTAL HETAPOPEG OEOOUEVWV

MYEQO23 -- MAPAAAHAA LYZTHMATA KAI TIPOTPAMMATIZMOZ
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ATTIOPUYN

TTOAAOTTAWYV
HETOPOPWV

PARALLEL
PROCESSING
GROUP

* Av exoupe oAhamtAoug kernels kat kattola dedopieva Tou xelpidovat ivat kouva,
UTIOPOULE VA ATIOQUYOULE TIG TIOANATIAEG LETAPOPES e TNV 00nyia 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[0@:n])
for (int i = 0; i < n; ++i)
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; ++i)
d[i] = a*b[i] + d[i];
}

MYEQO23 -- MAPAAAHAA LYZTHMATA KAI TIPOTPAMMATIZMOZ
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* Odnyia declare target

— Opidel global petaBAntég kalt cuvapTAOELG TIOU TIPETIEL VA UTIAPXOUV KAl
OTn OUOKEUN

* Odnyia target update

— O host putopei va evnpepwvel pnta KATIOLEG LETAPANTES ATIO/TTPOG TN
OUOKEUN, KTOG Tteploxwv target.

* O6nyia teams

— Xwpiel Ta cores TnNG CUOKEUNG 0 OHAdES Kal B€tel1 o€ KABe opada wg
apxnvo

* Odnyia distribute

— Motpddet tig emavaAnyelg evog for atoug apynyous twv opddwy

ANNEG AEITOUPViIEC

— Av petd akoAouBei kat odnyia parallel for, ot emavaAnyeig ou Ttétouv
o€ KdBe opdda, ekteAouvtal TapdAAnAa atd oAa ta vipata tng opnddag

* KATT

PARALLEL
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Updates

PARALLEL
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* Av exoupe oAhamtAoug kernels kat kattola dedopieva Tou xelpidovat ivat kouva,
UTIOPOULE VA ATIOQUYOULE TIG TIOANATIAEG LETAPOPES e TNV 00nyia target data

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

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 = 0; i < n; ++i)
d[i] = a*b[i] + d[i];

MYEQO23 -- MAPAAAHAA LYZTHMATA KAI TIPOTPAMMATIZMOZ
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target teams

distribute parallel
for

PARALLEL
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*‘Otav otoxevoupe o€ ouokeueg GPU, yia tn diapoipaon
ettavaAnyewv ouvnBidetal n xprjon tng odnyiag target
teams distribute parallel for

* H utto-o0nyia target teams distribute apyikd Oa
OnuLoupynoet evav aplBpo armo opddeg kat Ba dlapolpacel Tig
ETTAVAANPELG OTOUG apXnyoug

— Otopadeg iooduvapouyv pe ta “CUDA blocks”

* H utto-o0nyia parallel for Ba dnuioupynoel éva tAndog
VNUATwyv avd opdada kat ta vipata 6a ekteAéoouv TtapdAAnAa
TIC ETTAVAANPELG TWV APXNYWV TOUG

— TavAipata twv opddwy looduvapouy pe ta vipata twv CUDA blocks

MYEQO23 -- MAPAAAHAA LYZTHMATA KAI TIPOTPAMMATIZMOZ
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#pragma omp target map(to: a,b[@:n]) map(tofrom: c[0:n])

{
#pragma omp teams
{
MEvawpévegl #pragma omp distribute
- {
EIJ(P(Az)\EUIJEVEg #pragma omp parallel for
OarW'EQ for (int 1 = @; i < n; ++1)
c[i] = a*b[i] + c[i];
}
}
}

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

ZUV6%JO(O'|JEVF| #pragma omp|target teams [distribute|parallel| for \
05r]VIO( map(to: a,b[@:n]) map(tofrom: c[0:n])

o) Op&OEG - for (int i = @; i < n; ++i)
Vr’“JO(TO( c[i] = a*b[i] + c[i];
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[ 1°¢ diapoipaoudc: Apxnyoi Twv blocks [ 2°5 diapoipacudc: Njuata Tou KéBe block

Zuvauo(o'uévn #pragma omp target teams [distribute]parallel [for| \
- map(to: a,b[@:n]) map(tofrom: c[@:n])
05”\/'0( for (int 1 = 0; i < n; ++1)

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

high-level
offloading

PARALLEL
PROCESSING
GROUP

* Yrootnpi§n and GCC, Clang/LLVM

— Mpémelva éxetyivel build o compiler pe e1dika flags (o1 ouvnBelg eykataotdoelg Toug
dev tapeyouv offloading)

— Amtaitouvtal e1dikd flags katd tn petappacn Tou TipoypA U Latog ToU XpRotn

= GCC: -fopenmp -foffload=<target> -foffload-options=..
(target=nvptx-none 1 amdgcn-amdhsa)

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

— [a NVIDIA GPUs kat tio mpoogata yia AMD GPUs
* O OMPitapéxel evowpatwpévn uttootnptén NVIDIA GPUs (AMD ocovouTiw)

* Mpoopata o véog petappaatng nve (0t o nvee) tng NVIDIA uttootnpidel
OpenMP offloading o€ vedtepeg GPUs tng

* Yoot pi§n OpenACC — kL autd pe odnyieg #pragma TtapOUOLES LLE TO
OpenMP Opwg Ox1 TO00 YeVIKO 600 10 OpenMP, pe TtANpn «e§eldikeuan» o€
GPUs kat ox1 tooo yia tnv CPU.

— Mo amAég odnyieg yia offloading
— MpoopeEpel eUKOAIEG TIAPWG AUTOUATNG TtIapaAAnAoTtoinong katolwy loops
- Ymootnpiletal Baoika atmo kamoleg etaipeieg (kupiwg NVIDIA)

MYEQO23 -- MAPAAAHAA LYZTHMATA KAI TIPOTPAMMATIZMOZ
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