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DRAM

o CPU © GPU
© OnTUMM3UpPOBaH AJ JOCTYyIIa © DBouibllle TpaH3UCTOPOB BbIJIEJIEHO
C MaJIoi 3a/lep>KKOH K Ha 00pabOTKYy AAaHHBIX
K3IIMPOBAaHHBIM JaHHbIM ©  OnTHMHM3MPOBaH /s

) napaajaeJibHOI'O BbIYHUC/JIEHHUA
© Jloruka ynpaBJieHU U

BHENOPSAKOBOE BbIIIOJIHEHHE ©  HyBcTBUTeJIEH K 3a/lepxKe

A0CTYyIIa K [IaMATH
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Low Latency or ngh Throughput?

© CPU apxuTeKkTypa J0/>KHAa MUHUMHU3HUPOBATh 3aJl€PKKY B KaXKA0M HUTH

© GPU - cKkpbIBaeT 3aJepKKY 3a cYeT BbIYMCJIEHUS U3 JPYTUX warps

GPU Stream Multiprocessor - High Throughput Processor Computation Thread/Warp

. ] . ]’Processing
[_{ I Waiting for data

CPU core - Low Latency Processor

[ H ] D Context switch

Ready to be processed
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PCle Bus

CPU Memory

1. KonupoBaHUue BXOAHBIX JAaHHbIX U3
namMdaTH xocta B GPU namMaTtsb
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CPU Memory

1. KonupoBaHUue BXOAHBIX JAaHHbIX U3
naMsaTu xocta B GPU namaTthb

2. 3arpy3ska GPU nporpaMMsbl 1
BbIIIOJIHEHUE,
/laTa K3l poBaHa Ha 4yuIie AJis

YBEJIMYEHHUA IIPONU3BOANTEJIbHOCTH
26.06.12 7
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PCle Bus

1. KonupoBaHMe BXOJHbIX JaHHbIX U3 IAMATH
xocta B GPU namars

2. 3arpyska GPU nporpaMMbl ¥ BbIIIOJIHEHUE,
/laTa KamMpoBaHa Ha YMIIe JJis1 YBEJIMYEHHUSA
NPOXU3BOUTEJILHOCTHU

3. KomupoBaHue pe3ysbTtaToB U3 GPU namMsaTu
B IaMATb XOCTa
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.parallel-copte.cmcomleting G P U A rc h ite Ct u re : o
Two Main Components

© TI'so6anpbHadg [laMATH
© IlogobHa mamMaTH Ha XOCTe
© [octrynHa u GPU u CPU
© TekylwMi MaKCUMaJIbHbIK 00beM - 6 GB
&

Tekymasa nponyckHas cnoco6HocTb - 150 GB/s Ha Quadro
u Tesla mogensax

© ECC on/off onuuga aag Quadro u Tesla mogenen

©® IloTokoBbie MysbTHUNIpOLIECCOPHI (SMS)
©  OcyiecTBJASIOT GaKTHUYECKOE BIYUCIEHUE
© Kaxnapiy SM nMmeeT CBOMU:

© busoku yIipaBJIEHHA, PETUCTOPHI, KOHBeﬁepHOE BbIITIOJIHEHHE,
K311
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it GPU Architecture —\If\e‘r‘fm':\] :
| Streaming Multiprocessor (SM) o

© 32 CUDA Cores per SM
© 32 1fp32 ops/clock

© 16 fp64 ops/clock

© 32 int32 ops/clock
© 2 warp schedulers

© Upto 1536 threads concurrently
© 4 special-function units

© 64KB shared memory + L1 cache

© 32K 32-bit registers

26.06.12 10 APC



e GPU Architecture —\F‘éi"rﬁ'rr\
CUDA Core

© Floating point & Integer unit
© 1EEE 754-2008 floating-point

standard
© Fused multiply-add (FMA)
instruction for both single and

double precision

© Logic unit INT Unit

© Move, compare unit

|
|
|
© Branch unit |
|

26.06.12 11 APC
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3 Ways to Accelerate Appllcatlons

[ Applications ]
(- h (- )
. . OpenACC Programmin
Libraries e 5 5

Directives Languages
\. J \. Y,
“Drop-in” Easily Accelerate Maximum
Acceleration Applications Flexibility
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Moaenb nporpammmnpoBaHuA
CUDA
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Anatomy of a CUDA Application

©® IlocnenoBaTe/IbHBIN CUDA Application
KO/l BbITIOJIHSIET B Serial code Host = CPU g
opHa Host (CPU) HUTB
Device = GPU

© Ilapa/ienbHbBIN KO Parallel code -- -

BBINTOJIHAIOT
) Host = CPU
MHO>KeCTBO Device Serial code
(GPU) HuTeM Ha
Device = GPU

pasHbIX
BbIYMCJHUTEIbHBIX Parallel code - - -

JIEMEHTax

26.06.12 15 APC
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er— CU DA Ke rnels

o

26.06.12

Hapaﬂﬂe.}leaH 9aCTb IIPHUJIOKEHHUA BbIIIOJIHAETCA KadK A/1D0

© lenbit GPU BbIMOMIHAET AP0 BO MHOTUX HUTAX

CUDA HuTu:
© JlerkoBecHbIe
© bricTpoe nepekiyeHue

© 1000s BBINTOJIHAIOTCA OJHOBPEMEHHO

CPU Host BBINOJIHSAET QYHKIIUH

GPU Device BBIIIOJIHAET gpa

16 APC
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© Axpo - aTo GyHKIUS,
BbInoJIHAOasacsa Ha GPU kak
napaJsijieJIbHbIM MacCUB HUTEMN

© Bce HUTH BBINOJIHAIOT OJUH U float x = input[threadldx.x];
TOT e KOJ, HO MOXXeT UMeTb float y = func(x);

pasHbl€ BETBH output[threadldx.x] = y;

© Kaxxnpag HuTh umeet cBoH ID

© CBoM BXOJiHbI€/BbIXOAHbIE
JTaHHbIE

© IlpuHdaTue pemieHuun

26.06.12 17 APC
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1 www.parallel-compute.com

CUDA Kernels: Subd|V|de into BIocks
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© Hwutu rpynnyupoBaHbl B 0JI0KH
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CUDA Kernels: Subd|V|de into BIocks

G v G v G v

© Hwutu rpynnupoBaHbl B 0JI0KH

© BJIoKY rpynnupoBaHbl B OJIHY peLIeTKY

26.06.12 20 APC
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é Y é Y é

~

D

CUDA Kernels: Subd|V|de into BIocks

© HuTu rpynnupoBaHbl B 6J10K1
©  BJI0oKY rpynnUpPOBaHbI B O/1HY PEIIETKY

o HﬂpO BBITIOJIHAETCA KaK PElIETKd U3 0JIOKOB U3 HUTEU

26.06.12 21
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HuTtu rpynnupoBaHbl B 6J10KM

BJI0KY TpyNIUPOBAHBI B 0/IHY PEIIETKY

HﬂpO BBITIOJIHAETCA KaK PElIETKd U3 0JIOKOB M3 HUTEeH

22
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Kernel Execution

ww.parallel-compute.com

CUDA thread CUDA core * Kaxx1as HUTb BBINIOJIHAETCS
i l Ha olHOM u3. a/ipe
» Kaxxap1ii 6J10K BbINOJIHAETCS HA
0ZlHOM SM ¥ He MUTpUpYeTCs
CUDA Streaming Ha Jpyroi
CUDA thread block Multiprocessor * HeckoJ1IbKO KOHKYPHPYIOIHUX

6JI0KOB MOKEeT HaX0JAUTbCS Ha
- » E" I oAHOM SM B 3aBUCUMOCTHU OT

TpebyeMou NaMsTH 3TUX
6J10KOB U 06'beMa pecypcoB

CUDA-enabled GPU aToro SM
BBINOJIHATHCA Ha ogHOM GPU

CUDA kernel grid [r'_-_. * Kaxxzioe A1po BBINOJIHAETCA Ha
OJIHOBPEMEHHO

oaHoMm GPU
26.06.12 23 APC
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el Computing

Thread blocks allow cooperatlon

© HuTu MOryT B3aMMOieCTBOBATD APYT C APYTOM:

26.06.12

Q)

Q)

Q)

COBMECTHO Ipy3UTh/XpaHUTb OJIOKHW NAaMATH, UCI0JIb3yeMble
UMU

PazfiesiiTh pe3yabTaThbl MeXAY COO0M WU KOOIIEPUPOBAThCH,
JUIsI TIOJTy4eHUs e JMHOTO pe3yJbTaTa

CHHXPOHHU3UPOBATHCS C APYTUMHU

24 APC
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T Thread blocks allow scalability

© DBJIOKM MOTYT BBINIOJIHATHCS B JIDOOM MOPSJIKE, MapaJiJIeJIbHO
WJIU TI0CJ1eI0BATEJIbHO

© He3aBUCUMOCTb U MaCH_ITa6I/IpyeMOCTb! Axapo MoxeT UMeTb pa3Hble

oTOoOpaxkeHUs Ha pa3Hbie GPU
Kernel Grid

Block 0
Block 1

Block 0 Block1 Jl{ Block2 | Block3 |

Block 0 Block 1
Block2 [ Block3 |
Block 4 Block 5 plocket

Block 6 Block 7 Blocks |
Block 6

Block 7

Block 4 Block 5 Block 6 Block 7
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byioku AeJIATCA Ha TdK HA3blBa€MbI€ wWarp-bl U3 32 HUTEeU
Y PasMep warp-a 3aBUCHUT OT peaIM3allu U MOXKET UBMEHUTLCA B 6Y,£[YLL[€M

SM co3zaeT, ynpaBJisieT, IJIAHUPYET U BbINIOJIHAET HUTU HAa YPOBHE warp-oB
© Kaxabii warp cocTouT U3 32 nocjenoBaTeibHbIX HUTEN (thread IDs)

Bce HUTH B OAHOM warp BbIIIOJIHAKOT OAWH U TOT K€ KO/

©® Ecau HUTH warp pa3BeTBJIAIOTCA, warp 1ocjie10BaTeJIbHO BbIITOJIHAET
Ka>X/1y10 B€TBb

Korpa warp BbINOJIHSET KO, KOTOPBIX 00paliaeTcs K rj106aJbHONW NaMsTH,
OH 10 BO3MOXHOCTH 00 beiHsAeT (coalesce) obpaleHus K NaMsaTH U3
pa3HbIX HUTEM B Ipejiesie warp-a B OJJHY UJIM HECKOJIBKO TPaH3aKIUU

26 APC
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Memory hlerarchy

© Hwurteb: §§ g §§ g §§ 5
© Perucrtpsl
/ CooE00g oooEs0s oooso0o
© JloxasnbHag naMdaTh III I
| 1Y e ] e

©® DbJIOK U3 HUTEU:

§ .parallel-compute.com

© Pazjengemasd naMsTb
Global

© Bce 0J10KkH

©® ['JyobasbHag maMaThb

26.06.12 27 APC



OpenACC.

DIRECTIVES FOR ACCELERATORS
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© Jlerkocrtpb
© OTKpBITOCTH

) HpOHSBOAHTeﬂbHOCTb

26.06.12

(1::;d saxpy(int n,

float a,
float *x,
float *restrict y)

{

#pragma acc kernels
for (int i = 0; i < n;
y[il = a*x[i] + y[il;

++1)

// Perform SAXPY on 1M elements

saxpy(1<<20, 2.0, x, y);

29
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HaGop AMpeKTHUB AJis pa3MeTKHU NapaJ/ijie/ibHbIX
oo6J1acteM B Kogie Ha C, C++, Fortran

© oTobOpaxeHHe napaJuienbHbix ooJsacterd u3 CPU Ha GPU
© nopaepxka passnyHbix OC, CPU, GPU, u koMnuigTopos

Co3/1aHre BbICOKOYpPOBHEBBIX THOPUAHBIX (CPU+GPU)
nporpamMmm

© 0e3 gBHbIX MHULIMaau3auuu GPU

© 0e3 ABHBIX llepeJlayu U CHHXPOHHU3alluHU JaHHbIX Mexxkay CPU
u GPU

30 APC
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MoaeJsib IpOrpaMMHUPOBAHUA I103BOJISET IPOrPpaMMUCTaM
HayaTb pa3pabOTKy napasuiesbHbIX nporpamMM Ha GPU ¢
/1€2KOCMbH0, OJICKa3blBasi KOMIIUJASTOPY C IOMOIIbIO AUPEKTUB:

© cnequduKanmio JaHHbIX Ha GPU
© oTobpakeHMe IMKJIOB Ha GPU

&  Ppa3J/InyHbIe ONLHUH OIITUMU3ALUU

COBMECTHUM C APYTUMHU sI3bIKaMU MporpaMMupoBaHua Ha GPU u
pa3JIMYHbIMHU OHMOJIMOTEKAMHU

© BsaumogerictBue c CUDA C/Fortran u GPU 6ubsinorekaMmu
© e.g. CUFFT, CUBLAS, CUSPARSE, etc.

31 APC
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[Tonnas cnenudurkanysa OpenACC Bepcus 1.0
http://www.openacc-standard.org

BbicTpoe pyKoBO/ICTBO M0JIb30BaTE s

BecniaTHasa npobHaga Bepcysi KOMIUJIATOpa
http://www.nvidia.com/object/openacc-gpu-directives.html

OHJIallH KypChbl U BeOWHAPbI
http: //www.nvidia.com/object/webinar.html

NIDIEY | PGl | S22 | caps

26.06.12
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OpenACC Executlon Model

parallel-compute.com

© Host
© BBINOJIHAET OOJIBIIYIO YaCThb KO a;
© BblaendetT namsaTb Ha GPU;
© ynpaBJsdeT lepefayen JaHHbIX U Koja Ha GPU;
© yhnpasJseT 3allyCKOM U CHHXPOHU3alUeH;
© 3arpyxaet pe3yabTaThl U3 naMaTu GPU;
© BbICBOOOXKAaeT namMATh Ha GPU.

© GPU
© BBINOJIHAET Apa OJJHO 3a JPYTUM

© TreHepUpyeT CHHXPOHHYI0/AaCHHXPOHHYIO Ilepeiady JaHHbIX MEXAY
xoctoM u GPU

26.06.12 33 APC
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OpenACC Executlon Model

Mogenb ucnonnenus OpenACC uMeeT 3 ypoBHS napaJiiesn3ma (abCTpaKTHbIE):

© gang, worker and vector

OHM MCIOJIB3YIOTCA AJI1s1 OTOOpaKeHWe Ha peasibHY10 GU3UYECKYI0 apXUTEKTYPY,
KOTOpas NMpe/CcTaBJsIeT COO0M Irpynna o6padbaTbhiBalOUUX 3J1eMeHTOB (Processing
Elements (PEs))

©  Kaxnabiii asieMeHT (PE) iMeeT MHOTO HUTEN U KaXKJasi HUTb MOXKET BbINOJIHATD
BEKTOPHBbIE Ollepaluu

OfHO 13 BO3MOKHbIX 0TOOpakeHUi Ha GPU: gang=block, worker=warp,
vector=threads BHyTpu warp-a

© CxeMa 0oTOOGpaXKeHHs 3aBUCUT OT TOTO, YTO KOMIUJISITOP CYUUTAET ONTUMAJIbHBIM B
KOHKpPETHOM CUTyalur

34 APC




Mapping to multi dlmen5|onal blocks and grlds

p/ attel Computing

y .parallel-compute.com

© [I'pynna BJIOKEHHBIX fOr-IIMKJIOB TeHEPUPYET
MHOTOMEpPHBbIE OJIOKH U PELIETKH

#pragma acc kernels loop gang(100), vector(16)

100 6J10KOB 1O
0JI0K U3 16
fOI'( Y... ) BbICOTE (CTPOKH/Y HHUTEH [0 BHICOTE

u3MepeHue)

#pragma acc loop gang(200), vector(32)

fOI“( X... ) 200 6JI0KOB O

UpUHEe (cToI61bI/
X usmepeHue)

OJIOK U3 32 HUTH
MO LIUPHHEe

26.06.12 35 APC
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I\/Iemory Model

VW w.p arallel-compute.com

© Hexkotopsbie GPU He noaiep>XUBalOT KOTePEHTHOCTH
NaMATHU IIPU apaljieIbHOM BBINIOJIHEHUU PA3HBIX
00pabaThIBAKOIIUX 3JIEMEHTOB

© [IporpaMMHO-yIpaBJ/sieMbId UJIH allllapaTHO-
yIIpaBJsieMbIX K3III

26.06.12 36 APC
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CUDA C/Fortran VS. OpenACC

parallel-compute.com

© CUDA C/Fortran:
Beicokas Npou3BOAUTE/IbHOCTD IPY PyYHOU HACTPOUKE Afep
WUHKpeMeHTa/bHaa nepeHocuMocTb Ha GPU
Tosabko CUDA-n1aTdopMbl, HECOBMECTUMOCTD C IpyTUMU
Heob6xouMa nojjiep:kka 2 HAa6opoB KoJia

© OpenACC:
Bo3MoxHa BbICOKas NPOU3BOAUTEIbHOCTD
NUHKpeMeHTa/bHad nepeHocuMocThb Ha GPU
CoBMecTUMOCTH ¢ ApyrumMu non-CUDA-niiatdopmamu
HeobxoauMa noaaeprkka Tosbko 1 Habopa Koja
HesdcHoe noBeseHUe KOMIUJIATOPA
[loka HeT gocTynHoOro «best practice» pykoBozcTBa
3aBUCHMOCTb OT KOHKPETHOM pea/in3aliiyi KOMIIUJIATOpPA

26.06.12 37 APC



OpenACC API
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Directive Syntax

© Fortran
I$acc directive [clause [, clause] ...]
structured block

I$acc end directive

© C
#pragma acc directive [clause [, clause] ...] new-line
structured block

© Compilation (with PGI Accelerator compiler)
pgfortran -acc -Minfo=accel -ta=nvidia <file_name>
pgcc —acc -Minfo=accel -ta=nvidia <file_name>

26.06.12 39
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Parallel Construct

26.06.12




General clauses

if( condition )

async [(exp )]
num_gangs( exp )
num_workers(exp )
vector_length(exp )
reduction( operator:list )

P
P
o
P
o

26.06.12

41

Data clauses

L N 2 N N N o N i N N o o

copy/( list)

copyin( list )

copyout( list)

create( list)

present( list )
present_or_copy/( list)
present_or_copyin( list)
present_or_copyout( list)
present_or_create( list )
deviceptr( list)

private( list)
firstprivate( list )

APC
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Kernels Construct

26.06.12




Kernels Construct

1$acc kernels

1$acc end kernels

26.06.12 43 APC
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General clauses
© if( condition )
© async [(exp)]

26.06.12

44

Data clauses

copy/( list)

copyin( list)

copyout( list)

create( list)

present( list)
present_or_copy( list )
present_or_copyin( list)
present_or_copyout( list )
present_or_create( list )
deviceptr( list)

| N BN N N N N i o il o
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Loop Construct

Clauses

collapse( n)
gang|[( exp )]
worker[( exp )]
vector [( exp )]
seq
independent
private( list)
reduction( op:
list )

o & & & & & o o

26.06.12 45 APC
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Combined Directives
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#pragma acc kernels
for( int i = 0; i < n; ++i ) y[i] += a*x[i];

#pragma acc kernels loop gang(100) vector(128)
for( int i = 0; i < n; ++1 ) y[i] += a*x[1];

#pragma acc parallel num_gangs(100) vector_length(128)

{

#pragma acc loop gang vector

for( int i = 0; i < n; ++i ) y[i] += a*x[i]; }
26.06.12 47

Mapping to CUDA threads and bIocks

|
q 16 6J/I0KOB, 256 HUTEH B KaXKJ0M ‘

.~ 100 6/10k0B, 128 HUTEl B KAOXKA0M,
<] Ka)kJad HUTh BBINOJIHAET 1
UTEepaLMIo0 MKJ/IA, UCTI0JIb3YS
aupekTuBy kernels

. 100 6J10K0B, 128 HUTEH B KaXK/0M,
41 KakJasi HUTh BbINOJIHAET 1
ATepaLMIO UKJIA, UCHOJIb3YyS
AupeKTUBy parallel

APC
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Mapping to CUDA threads and bIocks

|
#pragma acc parallel num_gangs(100) <]'
{

100 6/10KOB, KaXKAbI UMEET POBHO 1
HUTD, Ka)KJAasA HUTh U30bITOYHO

) ) ) ) ) ) BBINOJIHAET LIUKJI
for( int i = 0; i < n; ++1 ) y[i] += a*x[i]; } -

KOMIUWIATOP 3aMeyYyaeT, YTO TOJIbKO
gangs CO34al0TCA, U OH MOXeT
peluTh UCN0JIb30BaTh threads
BMECTO gangs, Hanpumep, 2 6/10Ka U3
50 HUTeM.

#pragma acc parallel num_gangs(100) q'
{

#pragma acc loop gang
for( int i = 0; i < n; ++i ) y[i] += a*x[i]; }

26.06.12 48 APC



Mapping to CUDA threads and bIocks

'~ 100 6J10K0B, 128 HUTEH B KAXKA0M,

#pragma acc kernels Toop gang(100) vector(128) <] Ka)kJasi HUTh BbINOJIHsIET 1
for( int i = 0; i < n; ++i ) y[i] += a*x[i]; HUTepanuIo HMK/Ia, HCIO0JIb3ys
AupeKTUBY Kernels

1
#pragma acc kernels Toop gang(50) vector(128) 50 6,10K0B, 128 HUTell B KaX/10M,

for( int i = 0; i < n; ++1 ) y[i] += a*x[i]; < TR TV T T 7
n'repaunu

BbIno/IHeHHe MHOKECTBO UTEpaLuii B
KaXKA0i HUTH MOXKET YBeJIUYUTh
MNPOU3BOAUTEILHOCTD MIyTEM
yMeHbIIeHUsI BpeMeHHU
HHULMA/IM3AaLH
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Data Clauses

26.06.12
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Other Dlrectlves

host_data construct
JIOCTYT K aJjpecaM JaHHbIX YCKOPUTEJISI HA XOCTe
cache construct
K3IIMPOBaHHWe JJaHHbIX B pa3jesisieMou nmaMsaTu (shared memory)
update directive
OOHOBJIEHME 3HAYEHHUM 3JIEMEHTOB BCETO MACCHMBA WUJIW YaCTH €T0 B
COOTBETCTBUU CO 3HAYEHUAMMU 3TOr0 MaccuBa B naMaTu GPU
wait directive
0’KU/JlaHWe 3aBepllleHUs] aCHHXPOHHbIX akTUBHOCTeN Ha GPU (parallel or
kernel s region or update directive)
declare directive

OoInMcaHHe JJaHHBbIX, BblgesisseMbIX B naMsATU GPU B HeaBHOM faTa-
pervoHe, CO3/JaHHOM MPH BbINOJHEHUU MO POrPaAMMBI

51 APC
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Host Data Construct

Clause: use_device( list )

26.06.12
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Cache Directive

26.06.12




! K pplied Parattel Computing
DT Update Directive
Clauses

¢ host( list)

¢ device( list)

¢ if( condition )

¢ async|[(exp)]
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Declare Directive

Clauses

copy( list)

copyin( list)

copyout( list)

create( list)

present( list)

present( list )
present_or_copy/( list)
present_or_copyin( list )
present_or_copyout( list)
present_or_create( list)
deviceptr( list)
device_resident( list)
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Runtime Library Routines

6 acc_get_num_devices é acc_async_wait

6 acc_set_device_type ¢ acc_async_wait_all
6 acc_get_device_type ¢ acc_shutdown

¢ acc_get_device_num 6 acc_init

6 acc_set_device_num ¢ acc_malloc

é acc_async_test ¢ acc_free

¢

acc_async_test_all
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Env and Condmonal Compllatlon

A parallel-compute.com

© ACC_DEVICE device

Tun yckoputesen (GPU)

© ACC_DEVICE_NUM num

HOMEP YCKOPUTEIS

© _OPENACC

NpenpoLeccopHast AUPEKTUBA [JIS YCJIOBHOM KOMIUJISLIAA
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IJacobi solver
do while (change > tolerance)
change = 0.0
iter = iter + 1
'Parallel region to be executed on GPU
do j =2, n-1
do 1 =2, n-1
newa(i,j)= wd x a(i,j) + &
wl x (a(i-1,j)+a(i,j-1)+a(i+1,j)+a(i,j+1)) + &
w2 x (a(i-1,j-1)+a(i-1,j+1)+a(i+1,j-1)+a(i+1,j+1))
change = max(change, abs(newa(i,j) - a(i, j)))
enddo
enddo
a(2:n-1,2:n-1) = newa(2:n-1,2:n-1)
lend of parallel region
enddo
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IJacobi solver
do while (change > tolerance)
change = 0.0
iter = iter + 1
I$acc parallel
do j =2, n-1
do 1 =2, n-1
newa(i,j)= wd x a(i,j) + &
wl x (a(i-1,j)+a(i,j-1)+a(i+1,j)+a(i,j+1)) + &
w2 x (a(i-1,j-1)+a(i-1,j+1)+a(i+1,j-1)+a(i+1,j+1))
change = max(change, abs(newa(i,j) - a(i, j)))
enddo
enddo
a(2:n-1,2:n-1) = newa(2:n-1,2:n-1)
I$acc end parallel
enddo
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'$acc data copy(a, newa)
do while (change > tolerance)
change = 0.0
iter = iter + 1
I'$acc parallel reduction(max:change)
do j =2, n-1
do 1 =2, n-1
newa(i,j)= w0l x a(i,j) + &
wl *x (a(i-1, ])+a(1 j-1)+a(i+l,j)+a(i, j+1)
w2 x (a(i-1,j-1)+a(i-1, J+1)+a(1+1 j—1)+a(
change = max(change, abs(newa(l j) —a(i, j)))
enddo
enddo
I$acc end parallel
I$acc parallel
a(2:n-1,2:n-1) = newa(2:n-1,2:n-1)
I$acc end parallel
enddo
I$acc end data

) + &
i+1,j+1))
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'$acc data copyin(a), create(newa)
do while (change > tolerance)
change = 0.0
iter = iter + 1
I'$acc parallel reduction(max:change)
do j =2, n-1
do 1 =2, n-1
newa(i,j)= w0l x a(i,j) + &
wl *x (a(i-1, ])+a(1 j-1)+a(i+l,j)+a(i, j+1)
w2 x (a(i-1,j-1)+a(i-1, J+1)+a(1+1 j—1)+a(
change = max(change, abs(newa(l j) —a(i, j)))
enddo
enddo
I$acc end parallel
I$acc parallel
a(2:n-1,2:n-1) = newa(2:n-1,2:n-1)
I$acc end parallel
enddo
I$acc end data

) + &
i+1,j+1))
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'$acc data copyin(a), create(newa)
do while (change > tolerance)
change = 0.0
iter = iter + 1
'$acc kernels loop reduction(max:change), gang(32), worker(8)
do j =2, n-1
do 1=2, n-1
newa(i,j)= w0l x a(i,j) + &
wl *x (a(i-1, ])+a(1 j-1)+a(i+l,j)+a(i, j+1)
w2 x (a(i-1,j-1)+a(i-1, J+1)+a(1+1 j—1)+a(
change = max(change, abs(newa(l j) —a(i, j)))
enddo
enddo
I$acc end kernels loop
I$acc parallel
a(2:n-1,2:n-1) = newa(2:n-1,2:n-1)
I$acc end paralel
enddo
I$acc end data

) + &
i+1,j+1))
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pgfortran -fast -ta=nvidia:4.0 -Mcuda=ccl3 -Minfo=accel -o jac_p Jac.f90
Jjacobi:
42, Generating copyin(a(l:n,1:n))
Generating copyout(a(2:n-1,2:n-1))
Generating local(b(:,:))
43, Loop is parallelizable
44, Loop is parallelizable
Accelerator kernel generated
43, '$Sacc do parallel, vector(l6) ! blockidx%y threadidx%y
44, 'Sacc do parallel, vector(l6) ! blockidx%x threadidx%x
Cached references to size [18x18] block of 'a'
48, Max reduction generated for cur eps
51, Loop is parallelizable
Accelerator kernel generated

51, !Sacc do parallel, vector(16) ! blockidx%$x threadidx%x
!Sacc do parallel, vector(16) ! blockidx%y threadidx%y
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Example
©® Tesla T10 Processor
[conqueror@tesla-cmc Tutorial2]$ ./Jd.exe 1024
reached delta= 0.09998 in 3430 iterations for 1024 x 1024

array
time = 25.8760 seconds

©® Intel (R) Xeon(R) CPU E5620 @2.40GHz
[conqueror@tesla-cmc scl]$ ./35 1024

Jacobi 1024 x 1024

JacobiHost converged in 3427 iterations to residual 0.099976
time (host) = 140.386185 seconds
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CPU
Single thread

OpenMP
(hand-tuned)

PGI
Accelerator

CUDAC
(hand-tuned)

26.06.12

6.7759

1.8580

6.8860

3.8095

67

16.0250

3.7771

8.9890

4.1140

140.3861

29.6452

25.8760

6.5899
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Resources

y .parallel-compute.com

© http://parallel-compute.com

© http://www.openacc-standard.org

© http://www.pgroup.com/resources/accel.htm

© http://developer.nvidia.com/category/zone/cuda-zone
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http://www.parallel-computing.pro
e-mail: dn@parallel-computing.pro

Thank you! ©
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