% [MavemotAuio AuTiki¢ Makedoviag
) TuRua Mnxavikwyv NAnpo@opikAG & TNAETTIKOIVWVIWY

Juotnpota MNapaAAnAng &
Katavepunuevne Emeéepyaotiac

Evotnta: H y\wooa OpenCL

Ap. Mnvag AacuyEvng
mdasyg@ieee.org
Epyaotriplo WndLokwyv ZuoTnUATWY Kot APXLTEKTOVLKNG YITOAOYLOTWY
http://arch.icte.uowm.gr/mdasyg
TuApa Mnxavikwv MAnpodoptkng Kat TNAEMKOWWVLWV

s g EYTIA

& n [ e e
- MNavemoTtApio AuTikng Makedoviag @ e Ty —

¢ ke T Eupumaixdic Fvwonc




Adelec Xpnonc

* To mapov eKMOULOEUTIKO UALKO UTTIOKELTOL OE AOELEG
xpnong Creative Commons.

e [a eKTIALOEVUTIKO UALKO, OTIWC ELKOVEC, TTOU UTIOKELTOL

o€ aAAou tumou adeloc xpnone, n adela xpnong
avadEPETAL PNTWC.
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Xpnuatodotnon

e To mopoVv eKTMALOEVUTLKO UALKO €XEL avamtuxOel ota mAalola
Tou ekmatdevtikol £pyou tou dtdaokovta.

* To €pyo «Avoikta Wndraka Madnpata oto Naveniotquo
Avtikng Makedoviac» £xeL xpnUatodoTnOEL HOVO TN
avadlapopPpwaon tou ekmatdeutikol VALKOU.

e To €pyo uhomoleital oto mAaiolo Tov Emxelpnolakou
Mpoypappatoc «Eknaidbevon kot Ata Blov MaBnon» ko
ocuyxpnuotodoteitol amo tnv Evpwnaikn Evwon
(Evpwrnaiko Kowwwviko Tapelo) ko amo €Bvikou ¢ mopouc.

EPSLAIAEYZH kAI AIA éIO‘Y ll\/‘1AgHZH — EZ”A
TLEVOYON JTNY UoVWYIa TNe YVWene ¢ @ o

cpérpopa ro
YNOYPFEIO MAIAEIAL KAl OPHIEKEYMATAQN
EvpwnaikEvwon  EIATKH YITHE IA AIAXEIPIZHE
Evpwnaixé Kovwvixé Tapeio

Me tn ouyxpnuarodérnon tng EAAadag kat ¢ Evpwnaikrig Evwong

QD
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2 KOTOC tn¢ Evotntac

* H eloaywylkn mapovoiacn otnv yA\wooo
npoypappatiopov OpenCL yia tnv
eKpUETAAAEVON TNC tapaAAnAlog.
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Tuetvat n OpenCL ;

* Open Computing Language.

* TAwooa poypoppaTiopoU yia tapaAAnAn
emeepyoaoia.

* Elvat ocuppatn pe noAAwv eldwv

eneéepyaotec (Open) m.x. GPU, CPU, DSP
K.QL.
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JupBatotnta

e Anoapaitntn npolnobeon eival n cuokeun va
vrtootnpilet OpenCL.

 Mmopel va xpnotpomolnBet armo MOAAEC CUOKEVEC
aveoptntwc etaplac . NVIDIA, AMD.

e Elvau Baolopevn oe pla maAia €kdboon tng C.
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lotopka otolxeia (1/2)

e AvarmtuxBnke amo tnv Apple.

 H Apple ameuBuvOnke otnv Khronos Group yia tnv
dnuoupyia tng OpenCL.

e >11c 18 NoepfBpiov 2008 oAokAnpwONKe n
vAormoinon.

* XTic 8 AekeuPplov 2008 kukAopoOpNoE N MPWTN
ekdboon OpenCL 1.0.
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lotopka otolyeia (2/2)

e 2T1c 9 Mailov n Khronos apxtoe ta teot tng OpenCL

1.0.

e X11c 10 louviou kukAodopnoe n OpenCL 1.1.

Khronos publicly

releases OpenCL 1.0 as

royalty-free
specification

Multiple conformant
implementations ship
across diverse 05
and platforms

Jun08 May09 | Jun0
1 Dec08 1 2H09 1
Apple proposes OpenCL Khronos releases OpenCL OpenCL 1.1
working group and 1.0 conformance tests to Specification released and

contributes draft specification
to Khronos

ensure high-quality
implementations

firat implementations ship

QD
C% MavemoTAuio AuTikiAg Makedoviag



Etepoyevela

 H OpenCL Aettoupyel o€ moAAwv TUNtwv hardware.
e AUTO €lval To Baolko TnNG MAEOVEKTNUAL.

* Eva mpoypappa o OpenCL pmopel va
XPNOLOTIOLNOEL OAO TO UALKO TNG MAQTHOPUOC OTNV
oroLa TPEXEL.
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Baowkn 16€a

* H OpenCL xpnotuormolel evav host o onolog ektelel
TO TIPOYPALA TTOU Ypadoue o YAwooa C++, CH
K.QL.

 OLovokevecg (CPUs, GPUs, DSPs k.a.) ekteAoUv Tov
kwdikat OpenCL.

* Yriapyxel Eexwplotoc compiler yio OpenCL.
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Kernel

e Kwodwkac OpenCL.

° Mi'a GUVdenon T[OU }c;;ir?lii(;cl)i;ial const float *a,
r lobal const float *b,
EKTEAELTAL OTLC global float *c)
{
GUGKEUéq_ int id = get global id(0);

c[id] = a[id] * b[id];

* O host punopet va
KaAgoeL povo kernel.

G
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SIMT

Single Instruction Multiple Thread.
AelyveLl TWC oL EVTOAEC ekTeEAOUVTOL OTOV host.

O 6Lo¢ kwoka ekteAeital MoANEC POpPEC OE
SLOPOPETLKO VL.

KaBe vripo ekteAel Tov KwdLKA e
SlapopeTika dedopEvaL.
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Work Items

e Elvaw mapopota pe ta threads tng CUDA.

* Ol LULKpOTEPEC LoVAOEC EKTEAEDNC.

* KabBe popa rou tpeXeL o kernel tpExouv kat oA
work items.

* To kKaBe €va TpEXEL TOV LOLO KWLKA pE SLapOPETLKAL
dedopeval.

* O xpNotNncg Unopet va emiAeéeL Tov apltBuo twv work
items.

* To kaBe work item €xeL to dwko tou ID.
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Work Groups

* Emupemnouyv tnv eMkowvwvia KoL TNV cuvepyaoio
uetoév work items.

e Aegiyvouv To WC elval opyovwpueva ta work items.

* H opyavwon eivat eva N-6Laotato MAEypo ormo
work groups (N=1,2,3).

e Elvow mapopota pe ta thread blocks tnc CUDA.

* To kaBe work group €xet povadiko ID.
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NDRange (1/2)

* Eninedo opyavwonc.
* A&glyVEL TO WC OPYOLVWVOVTOL T WOrk groups.

* N-6Laotato nmAsypa amo work groups pe N=1,
2, 3.

A9 )
2%t MavemoTipio AuTikng Makedoviag



NDRange (2/2)

Work-group size S,
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’
> (8. 8)=10.0) 5,.8)=(5,-1.0)
7 x5y x' %y X
s
4
r - i : 1 WOrk-group size Sy
4 Fig i
work-item work-item
NDRange size Gy Wy Syosy . W, Syes,) Wy Syrsy . W, Syes )
I : ~~~~~~~ f55. 5w (0.8,1) e (8- 3,) = (81, 8,21)
1 Sa A L
[ ad
1 1
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>uvtaén Kernel

* H A&én kernel elvau reserved.
* OiLovuvaptnoselc kernel etvail oxedov navta void.
* H A&én global 6eixvel mou BplokeTal n pvAun.
 OAa ta apxeia kernel exouv kataAnén .cl.

 Ta apyela .cl pmopouv va €xouv HOVO KwdLKa
OpenCL.
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Xpnowuo otolxela yio tov Host

e NMAatddpua.
* JUOKEUN.
* [eviko MAatiolo -

(Context). —

Oupa EvtoAwv.

QD
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[MAatpopua

* Elvat o Host padl pe piot ctuUAOYyn CUCKEUWV.

e Xelpiletal amno to nmAaioto OpenCL nov
ETUTPETEL OE pia epappoyn va potpalstal
TOPOUC Kal va TpEXEL kernels oe cuokevec
otnVv mMAatdopua.

* AVTUTPOOWTIEVOVTAL OTTIO TO AVTLKELLLEVO
cl_platform.
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Yuokeun (1/2)

* ANOyw €TEPOYEVELOC MmopeL va eivat CPU,
GPU, DSP, Accelerator, k.a.

e ExteAel tov Kernel.

* AVTUTPOOWTIEVETOL ATIO TO AVTIKELMEVO
cl_device.
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Yuokeun (2/2)

KaBe cuokeun €xeL ta SLKA TNC
XOLPOLKTNPLOTLKAL.

Aev elval oAa ta tpoypappata OpenCL
oupBaTA e OAEC TIC CUOKEUEC.

Otav umtapyxel Bpa cuppatoTnTac UMOPEL O
KWOLKAC VOl LNV TPEXEL BEATLIOTA I KoLl
kKaBoAovu.

O kwoOLKaC Tou host pevel 16loc yior OAEC TLC
OUOKEUVEC.
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[eviko MAatolo (Context)

* OpileL to meptpariov tnc OpenCL.

* MepBallov eival ol kernels, oL CBUGKEVEC, N
Slaxelplon HvNUNG, oL OUPEC EVIOAWYV, K.Ql.

* AVTUTPOCWTIEVETOL ATIO TO OAVTIKELMEVO
cl_context.
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Oupa EvtoAwv (1/2)

* OLevtoAec OpenCL pmailvouyv o€ pia oupa.

* H ouoKkeun eKTEAEL TLC EVTOAEC TTOU €lval oTNV
OUPO EVTOAWV.

* ANULOUPYELTOL OE POl CUYKEKPLULEVN CUCKEUN.
* MMOPOUUE VA EXOUUE TIAVW OTTO L0 OUPEC
yLa aveéapTNTEC EVIOAEC.
* AVTUTPOOWTIEVETOL ATIO TO AVTIKELMEVO
cl_ command_queue.
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Oupa EvtoAwv (2/2)

 Mmopouv va xpnotuomotnBouv events yla va
OUYXPOVLOTOUV oL ekTEAEDELC TwV kernel petau
OUPWV.

Kernel 2 waits for an event from
Kernel 1 and does not start until
the results are ready

Kernel 2 starts before
the results from Kernel 1
are ready

Enqueue Kernel 1
Enqueue Kernel 2
Enqueue Kernel 1
Enqueue Kernel 2

£ 2 2 EX X R
L 2 2 “ %
Time —s Time eep
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Mpoypoppatiopoc Host

cl int error = @; // Used to handle error codes
cl _platform_id platform;

cl_context context;

cl_command_queue queue;

* Mapadeypa:

/{ Platform
— ’Oan BAE’T[OU HE GTOV .?rr-mr = oclGetPlatformID(&platform);
if (error != CL_SUCCESS) {
! cout << "Error getting platform id: ™ << errorMessage(error) << endl;
npovpauuarlouo TOU exit(error);
3
! '/ Device
hOSt XpnOLuOT[OLOUVTal ;Ir-"r‘zr:‘iEchE‘tDE\ficeIDs(pla‘tfor‘mJ CL_DEVICE_TYPE_GPU, 1, &device, NULL);
if (err != CL_SUCCESS) {

I
Ta aVTLKELuEVa cout << "Error getting device ids: " << errorMessage(error) << endl;

exit(error);

MAatdopua, ZUOKEUN, R

y f context = clCreateContext(®, 1, &device, NULL, NULL, &error);
C t t O E A’ if (error != CL_SUCCESS) {
On eX ’ Upa VTO wv. cout << "Error creating context: " << errorMessage(error) << endl;

exit(error);

b

{{ Command-gueue

queue = clCreateCommandQueue(context, device, @, &error);

if (error != CL_SUCCESS) {
cout << "Error creating command queue: " << errorMessage(error) << endl;

exit(error);

QD
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uvoyn

 Ta avtikeipeva tnc OpenCL kot 0 TPOTOC Tov
ouvdeovTal.

Context

{ 1 ¢

Programs Kernels Memory Objects Command Queues

I T |

¥ernal void

e —— l- E
Images _“I Buffers Ill c =

p_mul{giobal conat float

global conat float * In Out of

qlobal fioat ~c) Order Order
intid = get_globai_io(o); Queue Queue
cfid] = 2[id] * biid]:
}

Compute Device

2 , , ,
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Mvnun (1/2)

Private Memory:

— Ava work item.

Local Memory:

— Motpadetal oto work group.
Global Memory:

— Opatn og 0Aa ta work groups.
Constant Memory:

— read only.

Host Memory:
— 2tnv CPU.
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* Higpapyila tng pvnung TR | | e |
GT r] V O p e n C L d) (1 (.V ET(X l. Work-Item Work-Item Work-Item Work-Item

oto SuTAavo oxnua. e
* Ooco yaunAotepa, TOCO
i Global/Constant Memory I

HEVQ)\UTEPI’] Kal. Compute Device
OLPYOTEPN UVIUN.

Workgroup Workgroup
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To Mpoypoppua

e AmoteAsital amo eva cUvoAo armno kernels
ouVaPTNOELC Kot ONAWOELC.

* AVTUTPOOCWTIEVETOL ATIO TO OVTIKELMEVO
cl_program.

e 2TO TIPOYPOO TIPETIEL VAL AVOLPEPOU LLE TTOLAL
apxelo artoteAOUV TO TPOYPOLLLLLAL.
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MowyvidL pe tpamovAa (1/2)

* O dealer poipalet Ta XoPTLA OTOUC TIOLLKTEC.

* O kaBe maiktnC PAEMEL TA XOPTLA TOU KOLL
arodooilel LE TTOLO OTPOATNYLKN VoL KHKAUTEPO
VoL TTalLEEL.

e OLnaiktec dev punopouv va avtaAlaéouv xaptLa
oUTE va SoUuV TL YOoPTLA EXOUV OL AAAOL TIALLKTEC.

e OLmaiktec puropouv va {NTNACOUV ETLITAEOV
xaptLa amno tov dealer.

* O dealer npaypatornolet Tnv enbBupia Touc.
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Moy vidt pe tpamouvAa (2/2)

* H ewova deéLa pog
delyvel To ayvidL pe
TPATIOUAQL.

e OuTalKkTec Tov KaBovtal
OTO TPOATE(L TOU
rioxvidlov dev eivall
UTTOXPEWMEVOL VAl
nolEouv.

* Mrmopouv va

OULUETEXOUV OTO
rioiyvidL povo oool
kKaBovtal oto Tpamell.

G
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OpenCL kol tpamouAa (1/4)

O host eivatl o dealer.

* H ouokeun elval o malkTnc.

* Otkernels gival Ta xaptLaL.

* To mpoypapua Elvol N otolfa pe Ta xopTLa.

* H oupa evtoAwv €lvol Ta XaPTLA TTOU £XEL O KAOE
TTOLLKTNC.

* To context elvall To TpamedL.
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OpenCL kot tpamovuAa (2/4)

e Juokeun - MNaiktnc:
— O maikTnC matpveL KAPTEC armo tov dealer.
— H ouokeun naipvel kernels amo tov host.
e Kernels - Kaptec:
— O dealer polpalel KAPTEC OTOUC TIALKTEC.
— O host oteAvel kernels otLC cUOKEVEC.
e [Ipoypappa - ZToifo xopTLwv:
— O dealer naipvel yaptia amo tnv otoipfa.
— O host maipvel kernels armno to mpoypapua.
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OpenCL ko tpamouAa (3/4)

e QOupad eVTOAWV - XAPTLA TOU TTOLKTN.
e O kAaBe maiktnNC OCUYKEVIPWVEL TO KOBE YapTl mou
AapBavel ota umtoAouna.

* H kaBe ovuokeun cuykevtpwvel touc kernels otnv oupa
EVIOAWV.

e Context — Tpamedl.

* To TpamEll ETUTPETEL OTOUC TTALKTEC VAL SLOLKLVOUV TaL
XOPTLAL.

* To context EMITPEMEL OTLC CUOKEVEG VoL Aapavouy
kernels kat va Stakivouv dedopeval.
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OpenCL ko tpamovuAa (4/4)

* XT1O oXNuo SefLa
BAETOUUE TTWG
AELToupyouv ol
TEVTE TOPATIAVW
OOEC.

* To mpoypapuaL
TEPLEXEL TLOAAEC
OUVOPTNOELC.

% MavemoTAuio AuTikiAg Makedoviag

35



AvtiBcoelc otnv avaloyio (1/2)

e Xto napadelypa pac 6V UTIAPXEL N Evvola TNC
nAatdopuoc.

* O dealer 6gv eniAeyel molol maiktec Oa kaBiloouv oto
tpamell. O host emIAEYEL TTOLEC CUOKEVEC Bal
tomoBetnBouv oto context.

* O dealer 6ev pmnopet va dwoel tnv oLa kapta o SUO
Kol tovw Ttaiktec. O dealer pmopet va dwaoel tov oLo
kernel otLC OUPEC EVIOAWV ATTO TTAVW OTTO Lol
OUOKEVEC.
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AvtlBcoelc otnv avaloyia (2/2)

e Aev ovOPEPETAL TTWC OL CUCKEVEC EKTEAOUV
touc kernels. OL cuokevEC TEPLEXOUV OTOLXELOL
emeepyaoiac ta onoia eneéepyalovtal
KAroLa arto to Sedopeval.

* O dealer popadel ta yaptia KUKALKA. O host
OEV EXEL TTIEPLOPLOUO OTOV TPOTIO TIOU poLpalel
kernels.
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>yoAeio kat aoknoetc (1/7)

* To oxoAelo mepLexel aibovoec.
* OLaiBouoec pLhotevouv Tacelc.
e OLtacelc exouv pabnrec.

e OLpaBntec exouv va Aucouv nipoBAnpuata
Lo nUoTikwy.

* 2TLC alBouvoec uTTAPYOUV TILVOLKEC.

* To oxoAelo £XEL EVOV KEVTIPLKO TILVOKAL.
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>yoAeio kat aoknoelc (2/7)

* Ac umtoBEooupe MWC:
— OL paOnTtEC €xouv eva TTPOLANHA LAONUOTIKWV.

— O kaBe evoc odpeilel va AUOEL TO TIPOPANUA LE
SdladpopeTikouc aplBuouc.

— AdoU To AUCEL TPETIEL VAL TO TTOPOUCLACEL OTOV
Tivoa.

— OL TEALIKEC QTTAVTNOELC AVAPTWVTOL OTOV KEVTPLKO
Tivoka.

— Otav avaptnBouv, oL padnteC oxoAouv.
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>yoAeio kat aoknoetc (3/7)

e OLpaBntec plocg taénc xpnoLpomolouv tov oLo
rilvoika aAAQ €XoUV EexwpLoTa TETpadLaL.

e OLpaBntec ptocg taénc 6ev yvwpilouvv note oxoAouLv
oL padntec plog aAAng taénc.

e Otav teAewwoel pia ta€n, pia aAAn pmopet va
XPNOLLOTIOLNOEL TNV albouoa.
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>yoAeio kat aoknoelc (4/7)

e OLpaBntec tou oxoAelov €xouv va AUoouv To 1010
nPOoBAnua pe SLapOPETLKEC TLUEC.

e OLTIMEC yLa TOV KOBE pabntn €lvol AVOLKOWVWUEVEC
OTOV KEVTPLKO TILVOLKOL TOU OXOAELOU.

e TNV apxn NG OXOALKNC MEPOC OL LaBNTEC Ttnyaivouv
va Bpouv Toug aplBpouc ToU TOUC OVTLOTOLXOUV.
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>yoAeio kat aoknoetc (5/7)

* H dladkaoia eUpeonc Twv aApLOUWV Ao TOV
KEVTPLKO Ttlvaka elvall e€ailpeTikA XpovoBopa Aoyw
TOoU peyalou Stadpopou.

e OuLTtivaKkec oTIc alBouoeg elval apyLka KEvol Kat TToAU
LLLKPOTEPOL ATIO TOV KEVIPLKO.

* MOALC 0 kaBe pabntnc Avoel Tto MPOLANUA TOU OTO
TETPAOLO TOU, TO TTAPOoUCLAlEL OTOV TTIlvaKa TNG TAéNC.

* TNV CUVEXELO YPADEL TA ATTOTEAECLOATA OTOV
KEVTPLKO TILVOIKAL.
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>YoAeio kat aoknoelc (6/7)

* O kaBe pabntnc nnyalvel otov KEVIPLKO
riivaka SUo popEc:
— [ va mapel ta 6edopeva.
— [ va ypa el TIC amavinoeLc.

* H kaBe taén exeL evav povadiko aplopo.
e O kaBe pabntnc €xeL SVo apLBuouc:
— Evav povadiko avapeoa otouc AAAoUC pHabnteg

¢ WoLac taénc.
— Evav ntou ntpoodlopilet tnv taén.
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>YoAeio kat aoknoetc (7/7)

* H ewkova 6e€la deiyvel
TNV O0XEoN TWV:

— Kuploc mivakoc. , T .

— AiBovoa.
_ ngn oredl
— Mivakac taénc.

— MaBntnc.

— Tetpadro.
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>YoAeio kot Zuokevec (1/5)

To oxoAelo €ivat n ocvokeurn OpenCL.
To npoBAnua padnuatikwy ivat o kernel.
O poBntng etval eva work-item.
H taén elval eva work-group.

H alBouoca sival Eva avtiKeIMEVO
emeepyaoiac (mupnvac eneéepyaotn).
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>YoAeio kot Zuokevec (2/5)

e XT10 oxnua defLa
BAEmoupe TNV doun TNG
OUOKEUNC.

* Mpodavwc OTwe pia

aibovoa propei va | ©I019)(
dhofevroel pio pévo
TAEN, EVOL QLVTLKELUEVO

enetepyaoiog UmopeEi
va. dLAoEevnoeL Eva
novo work-group.

G
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>YoAeio kot Zuokevec (3/5)

* O Kevtplko¢ mivakac eval n Global Memory.
e Eilval dtaBeoun ko otov host kall otnv cuokeun.

* Otav o host petadepel bedopeEva 0TNV CUOKELN T
dedopeva amobnkevovtal otnv Global Memory.

e Elvow n peyaAUutepn HVAUN OTNV CUCKEUN.

* OuwC EXEL TOV HEYAAUTEPO XPOVO TTPOCTIEAACNC OTTO
ta work-items.
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>YoAeio kot Zuokevec (4/5)

* O rniivakac tng taénc eivat n Local Memory.

 Ta work-items pmopouv va tnv mpooneAAcOUV TLo
ypnyopa amo tnv Global (mepimouv 100 ¢popEc).

* Eilvau emiong pkpotepn armno tnv Global.

e Emeldn elvol oAU TaxUTEPN OMWC Elval LOAVLKN YL
NV amoBnkevon Twv eVOLAUECWY SEOOUEVWV TWV
work-items.

* Ta work-items oto i6to work-group pmopouv va
npoornelacouv to 16to block tng Local Memory.
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>YoAeio kot Zuokevec (5/5)

* To tetpadlo tou kaBe padntn eival n Private
Memory.

* To kaBe work-item €xeL tnv dikn Tou Private Memory.

* Mmopel va TNV MPooTEAACEL YPNYOPOTEPO OTTO TLC
Local, Global, Constant.

e AEV UTTOPXEL OUWC OLPKETOC XWPOC otnV Private
Memory.

* [pEmeL va pnv XpnoLUOTOLELTaL LEYAAN TTOCOTNTAL.
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Compile

* [La To compile xpelalOMOOTE TTAVW OTTO EVA
apxela.
e JuvnOwc elvai uo:
— To apyxelo Kernel.
— To apyeio host.
— Ta apxela avta amoteAoUV TO MPOYPOLLAL.
— Ot kernels kavouv compile otav tpExouv.
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To mpoypoppa tou host

* EAEyxeL TNV ekTEAEON TWV kernels.

* Madlevel TAnpodoplec yLa TLIc SLtoBEoLUEC
OUOKEUVEC.

* Metadepel SedopeVa OTLC CUOKEUEC.
* Anuloupyel avtikeipeva tou kernel.
* TpexeL tov kernel.

e Alofadlel Ta AVTIKELMEVA TNC LVALNC.
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__kernel n kernel

Tumocg cuvaptnonc.

Mrtopel vat EKTEAECTEL LOVO QTTO TNV
OUOKEUN.

ANAWVEL OTL N CUYKEKPLUEVN ouvaPTNON €lval
kernel.

Mropel vat KAnBel amo tov host | ano kamnola
aAAn kernel cuvaptnon.
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~_attribute

e Eilvow n Baon yla tov unmtoAoyLopo tng
xpnotpomnoinong bandwidth tng CPU.

e vec_type_hint (<typen>):

— Tumnoc 6edopevwv.

((work_group_size hint(X, Y, 2))):

— MégyebBoc tou work group Tou UITopEL va xpnotpornoLnBel.

((reqd_work_group_size(X, Y, 2))):

— MéyebBoc tou work group mou HmopEL va xpnotpornotnBetl
wc local work size.
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MNapadewypa kernel

* NMapadeypa pe dtodpopeTikeC emAoyeC attribute oe
kaBe kernel.

// autovectorize assuming floatd as the

ff basic computation width

__kernel  attribute ((vec type hint (flcatd))]
vold fool{  global floatd *p ) |

ff autovectorize assuming double asz the

Ff basic computation width

__kernel  attribute ((vec type hint (double))]
vold fool{  global floatd *p )

ff autovectorize assuming int (default)
/4 az the baszic computation width
kernel

vold fool{  global floatd *p ) {
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AnAwon Kernel

*  Kernel NAME
— ArtAn 6nAwoaon tou kernel.
e KernelGrpSzl NAME (GROUP_S71)

— Me otatiko povodiaotato peyeboc GROUP _S7Z1.
e  KernelGrpSz2NAME (GROUP_SZ71, GROUP_Sz2)

— Me otatiko dtodlaotato peyeboc.
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MNapadeypa

 kernel void square(__global float™ input,
__global float™ output, const unsigned int

count).

* To ovopa tou kernel etva square.

* Ta input, output kat count elval ot
HETABANTEC OV XpeLlaleTOL N oUVAPTNON.
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>Towxeia tou Kernel (1/3)

* O kernel €xeL kamola otolxeia/yvwploporta.
e Optlovtal oto apyxeio kernel.

 Taa Arguments cuvtacoovtal peca otnv SNAwaon
ouvaptnonc kernel.

* [Mpemel va tatplalovv He Ta oTolXela tou Oivel o host
otov kernel mou Ba Sov e mMapaKATW.
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Oplopoc 2touxelwv tou Kernel (1/5)

e Arg(TYPE, NAME)
— Argument NAME tumou TYPE.
e  ArgFirst(TYPE, NAME)
— To npwto argument o€ piat Alota pe arguments.

e Arglast(TYPE, NAME)

— To teAevtalo argument o€ pia Alota pe
arguments.
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Oplopoc 2touxelwv tou Kernel (2/5)

e ArgNULL

* O kernel 6&v €xelL arguments.
e lLocal(TYPE, NAME, SIZE)

e >taTikoc local mivakaoc.

* Return

* HteAsvtaia dSnAwaon tou kernel, pe avtnv tnv
eVTOAN Teppatilel To apyeio tou kernel.
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Oplopoc 2touxelwv tou Kernel (3/5)

* Mapadewypa _Local

e local(float4, localPos, 256);

* JTOTLKOG TILVOKALC LE YVWPLopOTAL:
— Ovoupa: localPos.

— TUmoc: float4.
— MeéeyeBoc: 256.

8’ 72))
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Oplopoc 2touxelwv tou Kernel (4/5)

Napadelyua:
Evac kernel xwplc arguments.

__Kernel(hello)
__ArgNULL

{

~_Return

}
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Oplopoc 2towxelwv tou Kernel (5/5)

* Mapadeyua kernel pe arguments:

__Kernel(nbody sim) _ ArgFirst(__global
float4*, pos)  Arg(_global float4*, vel)
__Arg(uint, numBodies) Arg(float, deltaTime)
__Arglast(float, epsSqr) { ...
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>touwxeia yia tov Kernel (2/3)

e EktOC armo ta otoyela (Arguments) tou kernel,
MPETIEL VAL Oploou e arguments yia tov kernel.

* Ta opilovpe oto apxelo tou KwoLka Tou host.
* O oplopocC elval LOLOC e QLUTOV OTO apXELD
tou kernel.

* Ta otouyela tou ivoupe otov kernel mpemel
va tatpltalouvv PE ta arguments oto apyeLo
tou kernel.
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>touxeia yia tov Kernel (3/3)

* Mapadelypa mpwtou argument oto apxelo
host (bnuioupyel avilkelpeva pvnung):

_ArgFirst(Args, CL_ARG_INPUTOUTPUT PTR |
CL_ARG_POPULATE PTR,

cl_float¥,
pOS,
numBodies*sizeof (cl float4) );
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KAnon Kernel

* X710 apxelo Tou host ypelaletal va KAAECOUE TOUG
kernels.

* [wa va kaAeooupe evav kernel ypelalopaote pia
eldlkn ocuvaptnon.

* Mia cuvaptnon sivat n CallCL.

e Eilval Awyotepo mepimAokn amo AANEC CUVAPTNOELC
kKAnonc.

e Eivow oupBatn ywa CPU, GPU kat EMU_GPU kAnocsLc.
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>uvaptnon CallCL (1/3)

int callCL(const char * device type,
int domainDim,
int domain(],
int groupl],

const char * program location,
const char * program,

const char* kernel entry name,
ClKrnlArg* args = 0);
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>uvaptnon CallCL (2/3)

_device type

* H ouokeun (mt.x. “cpu”, “gpu”, “gpu_emu”).
_domainDim

* H éudotaon tou project poc.

_domain(]

* To oAwko peyeboc.

int _group(]

* To local peyebBoc.
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>uvaptnon CallCL (3/3)

__program_location

* H tomoBeoia tou kernel otov unoAoyloth.
_program

* To ovopa tou apyeiov twv kernels.
_kernel_entry_name

* To elbko ovopa kernel.

_args

 Ta arguments mov Ba mepacouv otov kernel.
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Barrier

e barrier (c|l_mem _ fence_flags flags):

— OAa ta work-items o€ eva. work-group mou
ekteAOLV tov kernel mpemeL va ekteAecouv autnv
TNV oUVAPTNON TIPLV KATIOLO ATTO OLUTAL CUVEXLOEL
TNV €KTEAEON pETA TO barrier.

— Eivat xpnotpo otav ta work-items ypadpouv otov
buffer kat B€Aouv otnv cuvexela va dtafacouv
QUTO Tov ypadav.
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Barrier Flags

* cl_mem _ fence_flags flags:
— CLK_LOCAL_MEM_FENCE

* H ouvaptnon barrier 6a kavel flush 6Aec otic
uetaBAntec otnv local memory n Ba Balel ppaytn
LLVALLNC OTNV OUPQA YLOL VO UTIAPXEL OWOTN OELPAL
ekteAEoswv otnVv local memory.

— CLK_GLOBAL_MEM_FENCE

* H ouvaptnon barrier Ba BaAel ppaxtn HvnUNg otnv
OUPA YLOL VOL UTTAPXEL CWOTH OELPA EKTEAECEWV OTNV
global memory.
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Baowkec EvtoAec (1/9)

e get global _id (uint dimindx )

— Emiotpedel to ID tou work-item yia tnv dtaoctaon
dimindx.

— M.x. get_global_id(0).

e get local size (uint dimindx )
— Emwotpedel tov aplBuo twv local work- items.
— [1.x. get_local_size (0).
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Baowkec EvtoAec (2/9)

e clGetPlatformIDs

— Emotpedel TNV Alota Twv dtaBeoiuwv
MAQTPOPUWV.

e clGetDevicelDs

— Emwotpedel TNV Alota Twv SLoBECLULWY CUCKEVWV:

e clCreateContext

— Anuoupyel eva yeviko mAaiolo (context).
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Baowkec EvtoAec (3/9)

e clCreateCommandQueue

— ANULOUPYEL OUPA EVTOAWYV OE L0 CUYKEKPLLLEVN
OUOKEUN.

e clGetCommandQueuelnfo
— MNpoBaAAeL TANPODOPLEC YLAL TNV OUPOA EVTOAWV.
e clCreateBuffer

— Anuoupyel eva avtikeipevo buffer.
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Baowkec EvtoAec (4/9)

* clEnqueueWriteBuffer

— Balel otnv oupad evitoAec yia va ypalp el og evav
buffer amo tnv pvnun touv host.

* clEnqueueCopyBuffer

— Balel otnv oupad eVTOAEC yLa va avtlypal el Evav
buffer amo evav aAlo buffer.

* clEnqueueReadBuffer

— Balel otnv oupa evtoAEc yia va dlaBaoel
dedopeva amo vav buffer.
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Baowkec EvtoAec (5/9)

e clCreateProgramWithSource
— AnULOUPYEL EVA AVTIKELLEVO TIPOYPALLLOTOC YL
eva context kol POPTWVEL TOV TINYALO KwSLKA OTO
apXELO TPOYPOAUMOTOC.
* clBuildProgram

— AnULOUPYEL EKTEAECLUO EVOC TTPOYPALLLLOTOC.
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Baowkec EvtoAec (6/9)

e clCreateKernel

— Anuwoupyel eva avtikeipevo kernel.

e clSetKernelArg

— Alvel TNV TN TOU argument yLa eva
OUYKEKPLUEVO argument tou kernel.

* clEnqueueNDRangeKernel

— Balel o€ oeLlpa EVTOAEC Lo VO EKTEAECTEL EvaC
kernel oe pla cuokeun.
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Baowkec EvtoAec (7/9)

e clFlush

— EkOLOEL TIC EVTOAEC O€ OUPA OE La OUPA EVTOAWV
oTNV KATaAANnAn cuoKeLN.
* clFinish

— MTMAOKAPEL TNV EKTEAECN LEXPL VO LTTOUV OAEC OL
EVIOAEC OTNV OUPQ TTIOU TIPETIEL KOLL VOL
oAOKANPWOEL N ektEAEDH TOUC.
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Baowkec EvtoAec (8/9)

 clReleaseKernel

— MewwveL Tov aplBpo Twv MUPNVwv.
* clReleaseProgram
— Mewwvel Tov aplOO TWV MPOYPOUUATWV.

* clReleaseMemObject

— Mewwvel Tov oplOO TWV OVTLKELMEVWY UVANC.
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Baowkec EvtoAec (9/9)

e clReleaseCommandQueue

— Mewwvel Tov oplOUO TWV OVTLKELMLEVWY OUPAC
EVIOAWV.

e clReleaseContext

— MewwveL Tov aplBO TWV AVTIKELLEVWYV YEVLKWV
nAaLolwv.
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Abstract TUmot Asdopevwyv (1/2)

e Xtnv OpenCL eloayovtol veol TUTIOL SESOUEVWV OTTWC
Ol TTOPOLKATW:

— cl_platform_id

* To id Tn¢ mAatpopuac.
— cl _device_id

* To id TnC OUOKEUNC.
— ¢l _context

* Eva context.
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Abstract TUmot Asdopevwv (2/2)

_cl_command_queue

* Mia oupd EVTOAWV.
_cl_mem

* Eval QVTLKELLEVO LVIUNC.
_cl_program

* Eva mpoypappa.
_cl_kernel

* Evac kernel.
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[MoAumtupnvol EmeéepyaoTec

e Xpnotporotovvtal ot SIMD emeKTACELC CUVOAWV
EVIOAWV.
— (myx x86 SSE kat Power/VMX).
— SIMD - Singe Instruction Multiple Data.

e Ouemnetepyaotec x86 kAvVouV KAAUTEPN Xpron tou
SSE otav ot kernels givat tumnou float4.

* Ouvulomownoelc CPU ocuyva xoptoypadouV TouC
XWPOUC UVNUNCG plac cache wote evac kernel va
xpnotpornotel Constant kat Local Memory
TOLUTO)XpOVA.

MavemoTAuio AuTikng Makedoviag



Enteéepyaotec Cell (1/2)

* HIBM kukAodopnoe pla epyalelodnkn
OpenCL mov vrntootnpilel Cell kot Power
emeéepyaoteC o€ MAatpoppua Linux.

* YootnplleL evowpatwpeva mpodiA.

e XPNOLLLOTIOLEL TEXVLKEC AOYLOLLLKOU Yl val
OLLAAUVEL KATIOLEC ATTO TIC SLAPOpPEC aAVAUESA
o€ Cell kat cupPatikolc emeéepyaoTEC.
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Enteéepyaotec Cell (2/2)

e OwnpoonieAaocelc Global pvnunc amodidbouv
KAAUTEPOQ OTAV OL TEAEOTEC ELvOLL
rntoAAarmAaotlol twv 16 bytes.

— My float4.

* Hxpnon peyoAUtepwyv TUNMTWV OLAVUOUATWY
QUEAVEL TIEPLOCOTEPO TNV Atodoon
BonBwvtoc tov compiler pe touc Bpoxouc.
— My floatleé.

A9 )
2%t MavemoTipio AuTikng Makedoviag



Enteéepyaotec Npadikwy (1/4)

 H OpenCL mapexet APls yia tnv petadopa Sedopevwy
Baolopevn otnv CPU petalL avetaptntwy host kal
cuoTnUATWY pvung GPU.

* OLveec GPU nmapeyxouv mpocBacn otnv pvnpn touv host
neow twv PCl-e.

e Karmotec GPU emutpemouyv tTnv xaptoypadnon oTtov Ywpeo
SdlevBuvoewv tou host mapeyovtac to KataAAnAo
hardware yla tnv utootnpLEn npocPacnc os apxeia mou
SdtaBalovtal N ypadovtol pia popad Katd tnv SLapKeLa
ekteEAeonc tou kernel, xywpig avtiypada.
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Entetepyaotec Npadikwy (2/4)

 H NVIDIA katn AMD €xouv kukAodopnoet
epappoyec OpenCL yia tig GPU touc.

* Ol OUOKEUEC OUTEC amalltouV peyalo aplOuo amo
work-items kot work-groups yia va kaAUpouv to
hardware kat va kpulpouv Tnv KaBuotEpnaon.
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Entetepyaotec Npadikwy (3/4)

* H NVIDIA xpnOLUOTIOLEL APXLTEKTOVLKN
KALLLAKWTOU (scalar) emeéepyaoth.

e Alveltnv duvatotnta va epyaoTtel pe uPnAn
arodoon oTOUC MEPLOCOTEPOUC TUTIOUC
dedopevwyv OpenCL.

* HAMD YpnOLUOTIOLEL APXLTEKTOVLKN
dlovuopatikou (vector) emeéepyaotn.

* Exouv upnAn amodoon otav ta work-items
AELToUpPYOUV O€ TUTTOUC SLOVUCLLATWY TECCAPWV
otolxelwv (my. float4).
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Entetepyaotec Npadikwy (4/4)

* Evoc dtavuopatikoc kernel pmopet va anodwaoel
kKohd o x86 CPU, NVIDIA koot AMD GPUEs.

* Ouwc o kernel Ba sivat Alyotepo evavayvwoTtoc
QIto ToV avtiotolyo scalar.

* OLbl0pOPEC OTIC OPYLTEKTOVIKEC XOLLNAoU
emunedouv GPU mepthapfavouv SLAKUMAVOELG
oTnVv cache pvnun Kol To ToLlot LOVTEAD
npooTmneAaonc LvnNuUNe SnuLoupyouv cuyKPOUOELC
nou ennpealouv tov kernel.
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OpenCL vs. CUDA (1/7)

* Movadikn etaipia mov vnootnpilet CUDA:
— Nvidia.
* Etalplec mov vnootnpilouvv OpenCL:
— Nvidia.
— AMD.
— Apple.
— Intel.
— |[BM.
— Portable OpenCL.
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OpenCL vs. CUDA (2/7)

OpoAoyieg:

CUDA

e GPU
 Multiprocessor
* Scalar Core

* Global Memory
* Shared Memory
* Local Memory
* Kernel

* Block

e Thread

OpenCL

Device

Compute Unit
Processing Element
Global Memory
Local Memory
Private Memory
Program
Work-Group
Work-Item
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OpenCL vs. CUDA (3/7)

e XYtnv CUDA unapyouv KaAUtepa pyaleia, Ty.
CUBLAS, CUFFT, runtime API

e [watnv YAwooa C n CUDA €xeL to mpofadlopa, evw
otnv C++ mpotipatal n OpenCL.

* H OpenCL pmnopet va BaAeL otnv oupad €VTOAWV
deiktec yia cuvaptnoelg CPU evw n CUDA oxL.
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OpenCL vs. CUDA (4/7)

* [wa to 6o hardware ot U0 YAwooec Ba empere
Bewpntika va tpoodEpouV dLa TaxvTNTA.

* Kamotec dokipec 6eixvouv nwc n OpenCL og Nvidia
elval 10% apyotepn Aoyw tng CUDA.

* Agv elvoll EUKOAO OMWC VAL TIC CUYKPLVOUUE
QVTIKELLEVLKA O€ TOXUTNTAL.
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OpenCL vs. CUDA (5/7)

* To mapakatw Sdtaypoppo poc delyvel Tig
aval{ntnoelc oto Google yia CUDA (kOKKLvO) Kot
OpenCL (urmAe).
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OpenCL vs. CUDA (6/7)

* Onwc BAenovpe n CUDA etval o SnpHodlAng amo
tnv OpenCL.

e BAemoupe opwcg emiong nweg n CUDA «medte» oe
SNUOTIKOTNTA TA TEAEUTOLA XPOVLAL.

e Aev amokAeietal o€ Alyo katpo va doupe tnv OpenCL
va pTavel, akopa Kat Eemepvael tnv CUDA.

B52 MavemoTiuio Autikiig Makedoviag



OpenCL vs. CUDA (7/7)

 ESw PBAemoupe mwc n CUDA maAL €XeL T
npofBadloua, Opwc os oplopeva onpeia n OpenCL
TNV avtoywviletal emasia.
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Nvidia vs. AMD

* Ouapyttektovikn tn¢ Nvidia kot tng AMD eivat oAU
OLaPOPETLKEC eTOEV TOUC. AUTOC €lval o AOyoc ntou
evac kernel mou €xeL ypadel yta AMD bev Ba tpExEL
e&loou ypnyopa oe Nvidia.

e Apa av BeAoupe va cUyKpLlvoupE TLc duo
apxLtektovikec pe benchmark to amnoteAeopa Oa
e€aptnOel amno tov kernel mou Ba
XPNOLLOTIOLOOULLE.
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MNYEG

 http://www.khronos.org

* http://www.thebigblob.com

 http://www.drdobbs.com

* http://www.ncbi.nlm.nih.gov

* http://streamcomputing.eu/
* http://wiki.tiker.net/
* http://developer.amd.com

* http://www.cmsoft.com.br/

* http://opencl.codeplex.com

* http://efxspeak.com
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