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* OpenACC &lE
— OpenACC [2DLVT
— OpenMP, CUDA &£MiELY
* OpenACC DIFRX
— A H|ME B FE E R X (kernels/parallel)
— T—ABEIHERX
— JL—TETRX

* OpenACC MEFRAHI (webiB&itiL)
— AVINATAVE— DR A
— OpenACC A4S LNDER
— BEY—ILDOFEVA

« NVIDIA Visual Profiler’z &
m R AEHRER T Y — GPUTEY 53T AP
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OpenACC&IE

© TOESL—EMAITORRIXARN—RADTATSZIVITETIL
— C/C++, Fortran %t it
- TOESL—2EFE
— NVIDIA/AMD GPU %2 Intel Xeon Phi 7&:&
c IBERXA—RTOTIIVTETILEG
— ¥R AV INLSADEV R
— TILFATRITDOpenMP 73 &
— FERANRR(E, AT F U RIGEZXLOT LY
— O—F O A4 (portability) AAE L
o MIGLTLWEWMRIETIEE®RINS
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OpenACC&IE

« 2011 FEMS BRI IREE
— BAVINATGRUE (PG, CrayG E )N B [CERELTUL-ILREE S
LB FRH&1E (http://www.openacc.org/)

— EFDEHRIZ0penACC 2.5
« OpenACC 1.0 (201141118)
* OpenACC2.0 (2013F6H) <« XKEEBTHHA
+ OpenACC 2.5 (20155 108) <Y HR—K IS5
o XIRAINAT
— BEFH:PGI, Cray, PathScale

— 0SS. BFZE R : Omni (AICS), OpenARC (ORNL), OpenUH (U.Houston),
GCC5xLLE G&

> Fortran®PGPULLAF DHWA D 3t L FEY E A TULVELY

m RRAFEHRER Y — GPUTAS 534 AFY
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OpenACC & OpenMP () ELER

OpenMPODEET —FTIF ¥

TIILFaAFCPUIRIE
MEMORY - FEI7HNE
/& — N <100 F2E (Xeon Phif&<)

/ CPU(s) - HEAEY

(|5t || 5t || &t || & || 5t 5t || &

ZIE|E|E|E| & || E| &

-1 | — -1 -1 - | —

FUZUZIUZINTZIUTI 7|7

—BDENWIHRT —FTIFrDEHS
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OpenACC & OpenMP D LEER

OpenACC DEET —FTIUF~

MEMORY
(KRR )

. dpve

‘

TOEIL—3ERATF ERIRE

<1

MEMORY
(T/NR)

"o

CPU(s)

FAEIATZNEEZVEE CEE

— N> 1000 285

- EBEBMIET/ES5L—4%
12L&

L
gpun

RAR-TINA R TIRILLT= A

E!)
— TRAM-TINARET—42E5
1= (B R

m$§x$'|%$a B 5— —EBEDEWNEITR T —FTI0FvDEMHS
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OpenACC & OpenMP () ELER

* OpenMPERICHD

— Fork-Join&ELVW OB & IZHE DI FE
* OpenMPI[Z7E{TOpenACCIZ&HHELD

— IRRARET A REVSEEE

o IRRAR-TFINA AE DT —HE51%

— Z[ER O 5| N

* OpenMPIZ3>TOpenACCIZZELNEHD

- ALYEIDZERAW =B E

« OpenMPMomp_get_thread num()ICHEH T HEHEDHELY

o T, [REDITHREZEN
— OpenMP&EEARTOpenACClE

HF(ZITHTENZ LY

« BRE T3 N EGEZIFOEKEBFITRE

RKPIFHREB Y
52 T
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OpenMPIZH [T HFork-Join(MD A A—

\\‘

BN

Master

thread

thread

Master

thread

PARALLEL END PARALLEL PARALLEL END PARALLEL
% fork 5 join fork join

thread

Master

Master

thread

thread

thread

thread

thread

thread
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thread

thread

thread

thread

Master




OpenACCIZE I+ 5BFork-loindD A A—

BrfE D
Master -
RARE]
FINA R
TR u thread —
A4 thread —
u thread —
u thread —
] thread —

Master

thread

thread

thread

thread

thread

Master

PARALLEL END PARALLEL PARALLEL END PARALLEL
fork join fork join
R T/ £ — 10
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MBEIND/N—FOT TR

kT —4 < > CPU < > GPU

NZOGB/S ~3ZGB/S
(PCI-Express)

~200GB/s ~1,000GB/s
AL AFE!) (DDR%E TINAAAE)
| E) (GDDR%EE .

S & IIHBMAEE)
s TINARARNDT—REEEEZEZMICEH, XRETHTOEY
HRATHENTHLTWWAIENEELLY
m RRAFIEHREE TS — 11
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OpenACC & CUDA ML

OpenACC
« FERXAN—XR

CUDA
- SRAihAR

« WNR:TOESL—EEHE e XZ :NVIDIA GPU )&

- RO BERE

- RO BERE

— BLANIIVEHZIE — ELARJLIRER R
— HARERERBFIZO-TNS — Z2VvEESIZLIOSEL
— TINARIZTHFELT-#EREIX — TINARADFDHEEEE T2
E A A [Z5|Z2HE5
o shufflefBEZ (ALY 70E
JA5SLORHEO £ 8EO
A[FEO o
i =B B CIEARLY !
m RRAFIERER Y — GPUTES S35 A 12



IEREKT O S LZE

EBIZIE

1. A7O—F3 HEEZERDD

OpenACC

subroutine matmul(a, b, c, n)
real(8), dimension(n, n) :: a, b, ¢
integer :: n
integer ::i, j, k
real(8) :: cc

— 1Sacc kernels
doj=1,n
doi=1,n
cc=0
dok=1,n
cc =cc +af(i,k) * b(k,j)
end do
c(i,j) = cc
end do
end do
ISacc end kernels
end subroutine matmul

CUDA

subroutine matmul(a, b, c, n)
real(8), dimension(n, n) ::a, b, ¢
integer :: n
integer :: i, j, k
real(8) :: cc

doj=1,n
doi=1,n
cc=0
dok=1,n
cc=cc+a(i,k) * b(k,j)
end do
c(i,j) = cc
end do
end do

end subroutine matmul

13



CUDA

attribute(global) subroutine mm_cuda(a, b, c, n)

75 L%

RIERENKT

EBIZIE

2. AD7O—KfEIEM:

HA—RILO—FD

OpenACC

subroutine matmul(a, b, c, n)
real(8), dimension(n, n) ::a, b, c
integer :: n
integer ::i, j, k
real(8) :: cc

ISacc kernels
doj=1,n

doi=1,n
cc=0
dok=1,n
cc=cc+a(i,k) * b(k,j)
end do
c(i,j) = cc
end do
end do
ISacc end kernels
end subroutine matmul

ERSU

311k

integer, value :: n
real(8), dimension(n, n) ::a, b, ¢
integer ::i, j, k
real(8) :: cc
i = (blockidx%x-1) * blockdim%x + threadidx%x
j = (blockidx%y-1) * blockdim%y + threadidx%y
cc=0.0
dok=1,n
cc=cc+ai, k) * b(k, j)
end do
c(i, j) = cc

end subroutine mm_cuda

subroutine matmul(a, b, c, n)

real(8), dimension(n, n) ::a, b, ¢

integer :: n
integer ::i, j, k
real(8) :: cc

end subroutine matmul

14



IERE}TOT S LZE oA

attribute(global) subroutine mm_cuda(a, b, c, n)

1’E é ‘ - ‘j: integer, value :: n
= real(8), dimension(n, n) ::a, b, ¢

integer ::i, j, k
real(8) :: cc

3. GPUBRODO A *EYZFERL. i = (blockidx%x-1) * blockdim%x + threadidx%x

_ e —_ j = (blockidx%y-1) * blockdim%y + threadidx%y
BARIIICT —REmE 9 5 cc = 0.0
ok=1,n
cc=cc+ai, k) * b(k, j)
OpenACC end do
c(i, j) =cc
end subroutine mm_cuda

subroutine matmul(a, b, c, n)
real(8), dimension(n, n) ::a, b, ¢

integer n subroutine matmul(a, b, ¢, n)
integer :: 1, j, k real(8), dimension(n, n) ::a, b, c
real(8) :: cc integer :: n
ISacc data copyin(a, b) copyout(c) integer :: 1, j, k
ISacc kernels real(8) c’c '
dOdJ =-1_, n real(8), device, allocatable, dimension(:, :) :: &
oi=1,n a_dev, b_dev, c_dev
cc=0
dok=1,n
cc = cc +af(i,k) * b(k,j) allocate(a_dev(n, n), b_dev(n, n), c_dev(n, n))
i(ri]?)d—occ a_dev(:;,:)=a(:,:)
" b_dev(:, :)=b(;,:
end do eVt ) =bt )
end do

ISacc end kernels
ISacc end data

. c(:, ;) =c_dev(;,:
end subroutine matmul (z,:) = c_dev(s, 1)

end subroutine matmul



IEREKT O S LZE

EBIZIE

4. ALykZEIYETS
OpenACC

subroutine matmul(a, b, ¢, n)
real(8), dimension(n, n) ::a, b, c

integer :: n
integer ::i, j, k
real(8) :: cc

ISacc data copyin(a, b) copyout(c)
ISacc kernels
ISacc loop gang
doj=1,n
ISacc loop vector
doi=1,n
cc=0
ISacc loop seq
dok=1,n
cc=cc +a(i,k) * b(k,j)
end do
c(i,j) = cc
end do
end do
ISacc end kernels
ISacc end data
end subroutine matmul

CUDA

attribute(global) subroutine mm_cuda(a, b, c, n)
integer, value :: n
real(8), dimension(n, n) ::a, b, ¢
integer ::i, j, k
real(8) :: cc
i = (blockidx%x-1) * blockdim%x + threadidx%x
j = (blockidx%y-1) * blockdim%y + threadidx%y
cc=0.0
dok=1,n
cc=cc+ai, k) * b(k, j)
end do
c(i, j) = cc
end subroutine mm_cuda

subroutine matmul(a, b, c, n)
real(8), dimension(n, n) ::a, b, ¢

integer :: n
integer :: i, j, k
real(8) :: cc

real(8), device, allocatable, dimension(;, :) :: &
a_dev, b_dev, c_dev
type(dim3) :: dimGrid, dimBlcok

allocate(a_dev(n, n), b_dev(n, n), c_dev(n, n))
a_dev(:;,:)=a(:,:)
b_dev(:,:)=b(:,:)
dimGrid = dim3( n/16, n/16, 1)
dimBlock = dim3( 16, 16, 1)
call mm_cuda<<<dimGrid, dimBlock>>>(a, b, c, n)
c(:, ) =c_dev(;, :)
end subroutine matmul

16



OpenACC DR
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it 514t pE 18k 8 TE $8 7~ XX : parallel, kernels

TOESL—3 L TETIAETHRZETE
— OpenMP@parallel$g /R XIZHE
2FEFHMDFETE A 7% :parallel, kernels

— parallel: (EBoMELNVDE) =T IL
« OpenMP [Z3TLY
« ZEABICEFTIEALHNEITEETY , ARG E L1 —
H—AITIEELET ] WEHE
— kernels: (Eb M ELVDE) BEIRY
« [ZEMBICEFTIEHTNARAIRITHEETY . HEFHRELELF
ERL: LA A
— HMNMETRF-EZENMA T ERERWIZRIC LG EE)
[ZTEHD T, EBLZEFEHIDIIFH

=1 H.|‘E$E =2 ~ 9—
m HRAKPIFEREET 18
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kernels/parallel ¥~ X

kernels

program main

ISacc kernels
doi=1,N
I loop body
end do
ISacc end kernels

end program

RRAFIEHREE Y —

INFORMATION TECHNOLOGY CENTER, THE UNIVERSITY OF TOKYO

parallel

program main

ISacc parallel num_gangs(N)
ISacc loop gang
doi=1,N
I loop body
end do
ISacc end parallel

end program

GPUZOY 35324 A

19



. RRMTFAAREEET

5 == %D Hkernels
kernels/parallel $§7~X | bomtemes o,

AT DD D parallel

y

kernels parallel
2 M AR PL

|

|

[ 5I3 LT AA RIZEHETFZEL [ 5N TP> TSN

RERAREHREE T Y— GPUTAS S AR 20
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kernels/parallel ¥§7R3: 5 R EN

kernels
* async
e wait

* device_type

e |if

* default(none)
* copy...

parallel

— T—R3T4L9T47 DclausehMFEZ .

% (FFM LR R)

RRAFIEHREE Y —

INFORMATION TECHNOLOGY CENTER, THE UNIVERSITY OF TOKYO

async

wait
device_type
if
default(none)
copy...
num_gangs
num_workers
vector_length
reduction
private
firstprivate

GPUZOY 35324 A
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kernels/parallel ¥§7R3: 5 R EN

kernels

EREAESITICAHWNS,
SACIEE7 7 YA AW
ETTNAREIT/INTGA—REFRE
if(.false. )i EET HERAMATETEINS
TN EHFEEZFITHENESIZTS

parallel TIX M5 EITEB THLH L
R d B0, LHEHOEHDIK —
WERODIETREMNH D,

—

parallel
* async
* wait

* device_type

e if

* default(none)
* copy...

°*  num_gangs

e num_workers
* vector_length
* reduction

* private

e firstprivate

RRAFIERER Y — GPUTES 534 A

INFORMATION TECHNOLOGY CENTER, THE UNIVERSITY OF TOKYO
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TINARETHEHONERET—2IZDUVT

- 70455 L EDparallel/kernelst& X IZZE LEI N>/,
OpenACCOAV/N\ASIEEITITHERT—I% B TERXT S
— FRICLTELLERESNGEL, BN TERE
— BXIZELEMDS-UIZERENTH NS (FERNE), HidD
datatf "X ZHWVWTHEY TERE
— B#)E5iE(Ldefault(none) CHIHITE 5
o ANSEHIL firstprivate EL TS
— BEREIICKYEEEE
o EEHIET /NS RIZHERSINS (shared IR HFELDY)
— BRAIE#HEALyRO—AILIZIHRST=DIZIL private ZIEE T
)

_ =4 == ra’] ~ o » — == o
m RRAKPIEHREE LY — GPUTRS SIS A
INFORMATION TECHNOLOGY CENTER, THE UNIVERSITY OF TOKYO
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T—ABEEIE R X

o IRAM-TNAABDT—
RFBENZT1TO

c T—AND—EMHEHROD
[X1—H—DEE

o IRAM-TNARBDT—

H’ AERIE [T HB BB

D TE&EIE

CORIDT—E2E 7 datatE "X TITD

——> v GM
NZOGB/S ~32G B/S
(PCI-Express)
~200GB/s ~1,000GB/s
X FIRARAEY
A HEY (GDDRAZE
g S L StIEHBMA

m SR AP EREE T — GPUTATTIL Y AR Y
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—\®

T —AREE 5 7R3 : data, enter/exit data

TINARBITRONORET —RETDEEZEIETE
— CUDATL YD, cudaMalloc, cudaMemcpy, cudaFree Z1TD
data ¥5/R XX (HE4E)
— cudaMalloc + cudaMemcpy (H 2 D) + cudaFree
- BEJnu oIl ThAHERATE
- O—FORBELARL
enter data fE7R X
— cudaMalloc + cudaMemcpy (H - D)
— exitdata &Etvb, BETOVILSMZBFEZD
exit data 5§ "X
— cudaMemcpy (H & D) + cudaFree
— enterdata &tk BETAVILUMNZBFERD

m SRS SRR T 5 — GPUTATTIL Y AR 25
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T—HEEIERX :data #ERX

Fortran

CE&

subroutine copy(dis, src)
real(4), dimension(:) :: dis, src

ISacc data copy(src,dis)
ISacc kernels

void copy(float *dis, float *src) {
int i;
#pragma acc data copy(src[0:N] \
dis[0:N])
{

doi=1,N #pragam acc kernels
dis(i) = src(i) for(i = 0;i < N;i++){

end do dis[i] = src[i];
ISacc end kernels }
ISacc end data }
end subroutine copy }

&Iy oIChOHERE

BRI A SR AR — GPUTOYFILY AP CERAGL {} TEBHHET
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—\®

Fortran

T—AEEIE R (dataif TR XA A—

subroutine copy(dis, src)

real(4), dimension(:) :: dis, src
ISacc data copy(src,dis)
ISacc kernels

doi=1,N
dis(i) = src(i)
end do

ISacc end kernels
ISacc end data

L AN

(TRAR) (T /31 R)

dis, src D4E1E:
MHERSND

@dis, src DIEAS dis_dev, src_dev
aE—3hd

s

‘ X ik
'¢< 8
@dis’_dev,
src’_dev M1E
MaE—End

dis’_dev, src’_dev

end subroutine copy dis’, src’ @dis, src 0D pEiE
MDEREND
m SR AP EREE T — SUELTESZONS 27



—\®

T—3EEIE R X enter/exit 5 X

void main() { void init(double *q) {
double *q; g = (double *)malloc(sizeof(double)*M);
int step; q=..;// ¥1EA1E
for(step = 0;step < N;step++){ #pragma acc enter data copyin(q[0:M])
if(step == 0) init(q); }
solverA(q);
solverB(q); void fin(double *q) {
#pragma acc exit data copyout(q[0:M])
if(step == N) fin(q); print(q); //FERE A
) free(q);
} }

m B KR SRERT A — GPUZ A4S SZU4 AR 28
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T—ABEE IR R 5 IR ED

data enter data

. if o |f

* copy *oasynt I HAERX
* copyin * wait

e copyout * copyin

e create * Create

* present * present_or ...

b resent or ...
P — - enter data

e deviceptr _
— CUDAHELHAHBHEBBEZRIA, if

cudaMallocZiE THERFADT—H  »  async

ZIEEL. OpenACCTHRNA[ET B

e wait
* copyout
e delete

RRAFIERER Y — GPUTAY T4 AP

INFORMATION TECHNOLOGY CENTER, THE UNIVERSITY OF TOKYO
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T—ABEE IR R 5 IR ED

* copy
— data B RXAZELBEI DO, RRAMUDN ST /N RBINT—3%O
E—L. data {8~ T RIZT NNA RN STRAMEIANOE —

* copyin/copyout
— IRANTINAADLDAD/HEADHTS
° create
— TNAREICEHIZEERL .. JE—(FITH7ELY
°  present
— TINARLEICBRICHEET S EEMLED
- present_or_copy/copyin/copyout/create (ZB&H : pcopy) 75 &

— TINNARXREIZERIZHNIX copy/copyin/copyout/create € . ZElTh
X395

—_ H‘|‘EE$E ra’ ~ g _
m RRAFIFHREE T 30
INFORMATION TECHNOLOGY CENTER, THE UNIVERSITY OF TOKYO



_\\

— AR EE TR T —RER L&D

=
mQ
il

c ERIETAHAT—RADEHIDIEE
— BB BRI DX Z{E D AI EE
— JFE FortranECTIEE A EMNEL S

Rt HIAZERE T S5
FortranfkR !$acc data copy(A(lower1:upper1, lower2:upper2) )

Chix

m AP

fortranTCIXAIB R ER T RZiEE
I$acc end data

#pragma acc data copy(A[start1:length1][start2:length2])
CTIESEEERSFIETE
#pragma acc end data

r\.
E% ‘/
SITY O

31



T—3BEEE R X s update FER X

o BRICTNARLIZHERBEHDT—3WRET S
— cudaMemcpy (H 2 D) DEREZIF-> TS EEREZITRLY

ISacc data copy( A(:,:) )
dostep=1, N

call comm_boundary( A)

end do

ISacc end data

ISacc update host( A(1:2,:))

ISacc update device( A(1:2,:) )

m ERAEREE 5 —

INFORMATION TECHNOLOGY CENTER, THE UNIVERSITY OF TOKYO

GPUZOY 35324 A

update

if

async

wait

device_type

self #host E[EIEH
host #H<&D
device #H—> D

32



B%l% EI/‘J !

— worker:vector®1#

— vector: ALYRIZHEET H—F /NS

S03E B fs
* loop ¥R

il

— parallel/kernelsBE D JL—T DIKRLMZD

WTHE=

— FIJE (gang, worker, vector)DI87E
— I—TIERIKED

ERRAFERERT Y —
INFORMATION TECHNOLOGY CENTER, THE UNIVERSITY OF TOKYO

BEDIETE

B ETILEIL—THRX

* OpenACC TIZRALYRZEEEBRIIZEE
— gang, worker, vector M3fE =
— gang:workerD i —FEKS/ZEL

GPUTDITHIFED B!

ISacc kernels
ISacc loop gang
doj=1,n
ISacc loop vector
doi=1,n
cc=0
ISacc loop seq
dok=1,n
cc = cc + a(i,k) * b(k,j)
end do
c(i,j) = cc
end do
end do
ISacc end kernels

33



BEEMLHETILET —FTIFv

« NVIDIA Kepler GPUD#E X

« OpenMPIZ1[E B GPU
— TIJLFOF7CPUL LR FINA ZRAE
» CUDAI[Z block & thread M2fE =
— NVIDA GPUL2[EE o
e 1SMX [Z#Z{CUDA coreZ 152 &; P
« ZATIISMXD)Y—REHEF \
* OpenACCIL3[ = AN
- SHRETWBHRLLTIEIL— a7

RN T DT

mi?j@rl AR5 —




IL—J TR B

loop

collapse
gang
worker
vector

seq

auto

tile
device_type
independent
private
reduction

RRAFIEHREE Y —

INFORMATION TECHNOLOGY CENTER, THE UNIVERSITY OF TOKYO

<
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IL—T 3R XI5 ED

loop

collapse
gang
worker
vector

seq

auto

tile
device_type
independent
private
reduction

RRAFIEHREE Y —

INFORMATION TECHNOLOGY CENTER, THE UNIVERSITY OF TOKYO

ISacc kernels
ISacc loop collapse(3) gang vector

o, e dok=1, 10
—Eftend doi=1,10

end do
end do
end do
ISacc end kernels

MFETBIZITIIL—TENETES
IL—T2{FES

GPUZOY 35324 A
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JL—J 38R ERED

loop

collapse
gang
worker
vector

seq

auto

tile
device_type
independent
private
reduction

RRAFIEHREE Y —

INFORMATION TECHNOLOGY CENTER, THE UNIVERSITY OF TOKYO

ISacc kernels
ISacc loop gang(N)
dok=1,N

ISacc loop worker(1)

doj=1,N

ISacc loop vector(128)

doi=1,N

ISacc kernels

ISacc loop gang vector(128)

doi=1,N

vectorlworkerk Y 1A
workerldgangd& Y R4l

-=L12DI)IL—TIZ
B OITHDIFoK

MEOIEEFZ#HLLOT, RPIE

AN ZEETLIWY

GPUZOY 35324 A
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IL—TIERX  HEREN

loop

collapse
gang
worker
vector

seq

auto

tile
device_type
independent
private
reduction

RRAKFBHREBT Y —

INFORMATION TECHNOLOGY CENTER, THE UNIVERSITY OF TOKYO

BICfal SR>

doj=1,N
doi=1,N
idxI(i) =i; idxJ(j) =]
end do

end do

ISacc kernels &
ISacc& copyin(A, idxl, idxJ) copyout(B)
ISacc loop independent gang
doj=1,N

ISacc loop independent vector(128)

doi=1,N

B(idxI(i),idxJ(j)) = alpha * A(i,j)

end do

end do

ISacc end kernels

OpenACCaAV/N\ASIX R,
KFEEGERNELESGoIFE LAY,

GPUZOY 539 AFH
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IL—T 3R XI5 ED

[ s s
loop EEESLEmCSE BmELtOTHNIE, PGID
. collapse ISacc loop reduction(+:val) 1IN SIZ B F Treduction
doi=1,N ZzANTNS
¢ gang
val=val+1
" worker end do A TSR EET
* vector ISacc end kernels (OpenACC2.0ft#%RE £Y)
Cand C++ Fortran
*  seq
operator 1n1t1allzat10n operator 1n1t1ahmt10n
¢ auto value value
e il acc reduction (+:val) * 0 ¥ i
e N 1 . L
e device type / max least max least
. independent 5§Z§? min largest min largest
J"T%&—g‘_%)ak*;& & ~0 iand all bits on
* private * = 0 ior 0
. A 0 ieor 0
* reduction
&& 1 .and. .true.
| 0 .or. .false.
.eqv. .true.
RRAFIEHREE TS — GPUT S S53%4 AP .neqv.  .false.
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BEEMED H LI R routine

- parallel/kernelsfBIZ AN SR EF UV H I 155 . routinets
RXZ{ED

#pragma acc routine vector JORATEEIZELDITS

extern double vecsum(double *A);

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

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

max = vecsum(A[i*N]); #pragma acc routine vector

double vecsum(double *A){

double x = 0;
#pragma acc loop reduction(+:x)
for(int j = 0;j < N;j++){
x += A[j];
}

return x;
RRAPIBRERE T 5 — GPUTOTFIVTAM | }
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Z D> THLEEFZLD

* #ifdef OPENACC
— OpenACC APl DU H LB EIZ(FED
* if clause D{ELVA
— kernels/parallel, data 7RG EITFEZ S
— fortranZibif(.false.), ClEbif(0) ZHEE T L. RAMATEITEINS. T
INYT I ZEF
* atomic
— MiF|FEE AN DatomicfElgZEHT & THIA
» declare ¥§7 "X
— fortranMmodule N Z$1. CDglobal EHLZEXEOFRFIZAHLS
© CUDA BEA#DMUHL
— CUDABBOEFUHLA U A—TJz—RELEFEHET D
—~ ;j'.EzE(iOpenAccﬂ’E&u ESLTHEWERSTZITCUDAE VS A
A BE

m B KR SRERT A — GPUTRY S22 A 41
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RRAFIEHREE Y —
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XEEDEZDHIL. £TPGIAV /(151645 H T RDHFITY

RRAFIERER Y — GPUTES S35 AR 43
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EE R

* OpenACC 7O Z5.L@DAV/INAIL-ET
— PGIAVNNASD AV E—VDEHEHAHH
— PGI_ACC_TIMEIZ&KAGPUEITDIEER
- OpenACC Z7O4 S LMDYERK
— 1755, thetm e
+ OpenACC Z7A4YSLDEREL
— NVIDIA visual profiler D{EWLNALEE

m SRS SRR T 5 — GPUTATTIL Y AR
INFORMATION TECHNOLOGY CENTER, THE UNIVERSITY OF TOKYO
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PGIAVINASIZE B AvtE— NDRESR

o AVINATAYtE—U DIEFRITOpenACCTIIIBH TEE
— OpenMP &L,
« RSFWICHFE T B KEMFETEST AT S LB AT
IESnEWNZENHD
« WHHE T REIL—THEH-H LD, EDQIL—TIZEDHE
(gang, worker, vector) D\ EIY T (TN f-mME1571=&
c B—TYRTNARDMEE L. IE LIFHARERALYFHMNABHIC
REST . ALY DILE ENDED N S1=8
— AytE—UFR T IR -TOJSLEZHEEIEIET S
o AVNATAvE—VHAFE
— AINATA T3 -Minfo=accel D115
* {5l : pgfortran -acc -Minfo=accel

m RRAFEHRER Y — GPUTAS 534 AFY
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PGIO/\NTIZLB

Ayt— DFERR

OpenACC_samples % |

S make acc_compute

AN ZAytz—(fortran)

Jy—Xa—Fk

subroutine acc_kernels()
double precision :: A(N,N), B(N,N)
double precision :: alpha=1.0
integer :: 1, j
A(:,:) =1.0; B(:,:) =0.0
ISacc kernels
doj=1,N
doi=1,N
B(i,j) = alpha * A(i,j)
end do
end do
ISacc end kernels
end subroutine acc_kernels

pgfortran -03 -acc -Minfo=accel -ta=tesla,cc20 -Mpreprocess acc_compute.f90 -o acc_compute

acc_kernels:
15, Generating copyin(a(:,:))
Generating copyout(b(:,:))
16, Loop is parallelizable
17, Loop is parallelizable
Accelerator kernel generated
Generating Tesla code

16, !Sacc loop gang, vector(4) ! blockidx%y threadidx%y
17, !Sacc loop gang, vector(32) ! blockidx%x threadidx%x

46




PGl_ ‘\// \47‘ cj:é subroutine acc_kernels()

double precision :: A(N,N), B(N,N)

)“Jt o, 0) E%E ST double precision :: alpha = 1.0
integer :: 1, j
* OpenACC_samples Z=FIFH

A(:,:) =1.0; B(:,:) =0.0
ISacc kernels

* S make acc_compute doj=1,N
- doi=1,N
B(i,j) = alpha * A(i,j)
) . R end do
BII—F 2 Y—A3A—F | enddo

ISacc end kernels
end subroutine acc_kernels

A INA T Ayt—(fortran)

pgfortran -03 -acc -Minfo=accel -ta=tesla,cc20 -Mpreprocess acc_compute.f90 -o acc_compute
acc_kernels:
15, Generating copyin(a(:;:))  Fg 5llal&copyin, bl&copyout&L THRPHONFETF
Generating copyout(b(:,:))
16, Loop is parallelizable
17, Loop is parallelizable
Accelerator kernel generated
Generating Tesla code
16, !Sacc loop gang, vector(4) ! blockidx%y threadidx%y
17, !Sacc loop gang, vector(32) ! blockidx%x threadidx%x
16, 17 TE M 2EIL—T1L(32x4) DAL YK T
709773 BILT/RLVET,

47




i1c

PGIAV/INATIZLD
}\yt_:)d)ﬁﬁgaﬁ\
OpenACC_samples % |

S make acc_compute

VIS5 AyE—2(C) V—2R3—F(Q)

void acc_kernels(double *A, double *B){
double alpha = 1.0;
inti,j;
/* A & B #EAME */
#pragma acc kernels
for(j = 0;j < N;j++){
for(i = 0;i < N;i++){
B[i+j*N] = alpha * A[i+j*N];
}
}
}

acc_kernels:

Generating copy(B[:1000000])

51, #pragma acc loop seq
52, #pragma acc loop seq

pgcc -0O3 -acc -Minfo=accel -ta=tesla,cc20 acc_compute.c -0 acc_compute

50, Generating copyin(A[:1000000]) B FllalLcopyin, blfcopyE L THRbh N ET

51, Complex loop carried dependence of A-> prevents parallelization
Loop carried dependence of B-> prevents parallelization
Loop carried backward dependence of B-> prevents vectorization
Complex loop carried dependence of B-> prevents parallelization

Ao sl kel SR )RR AR D o) THFEL
5 ADE ., RAAAEBIRILSEIEFIELTLNA S
EEZEr LT, dHHELARLY,

52, Complex loop carried dependence of A->,B-> prevents parallelization

INFORMATION TELANULUGY CENTER, THE UNIVER! Y UF TOKYOU
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void acc_kernels(double *restrict A, double

PGI_ ?// \47‘ cj:%) *restrict_B){

J

Ayt— DFERR

double alpha = 1.0;
inti,j;

/* A &B#IHAME */

* OpenACC_samples Z %Il F #pragma acc kernels

* S make acc_compute

AN T AyE—(C)

for(j = 0;j < N;j++){
for(i = 0;i < N;i++){
B[i+j*N] = alpha * A[i+j*N];
}

yy—2Z23a—K(C) }}

acc_kernels_restrict:

73, Loop is parallelizable
Accelerator kernel generated
Generating Tesla code
71, #pragma acc loop seq

pgcc -0O3 -acc -Minfo=accel -ta=tesla,cc20 acc_compute.c -0 acc_compute

69, Generating copyin(A[:1000000])
Generating copy(B[:1000000])
71, Loop carried dependence of B-> prevents parallelization

Loop carried backward dependence of B-> prevents vectorization

2RFTEHZIRTIEL THR S TLNS =D A>Ty
7Z|+J*N MNRIIFECIEFZE#HT HraetESE
EL.714TEZ A HIMEL TLVELY,

73, #pragma acc loop gang, vector(128) /* blockldx.x threadldx.x */

RRAKFBHREBT Y —
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i1c

PGIO/\NTIZLB

J

Ayt— DFERR

OpenACC_samples % |

S make acc_compute

AN FAytE—(C)

J—X3—F(C)

void acc_kernels(double *restrict A, double
*restrict B){
double alpha = 1.0;
inti,j;
/* A & B#EE */
#pragma acc kernels
#pragma acc loop independent
for(j = 0;j < N;j++){
#pragma acc loop independent
for(i = 0;i < N;i++){
B[i+j*N] = alpha * A[i+j*N];
}
}
}

pgcc -03 -acc -Minfo=accel -ta=tesla,cc20 acc_compute.c -0 acc_compute

acc_kernels_independent:

90, Generating copyin(A[:1000000])
Generating copy(B[:1000000])

92, Loop is parallelizable

94, Loop is parallelizable
Accelerator kernel generated
Generating Tesla code

92, #pragma acc loop gang, vector(4) /* blockldx.y threadldx.y */ - St B
94, #pragma acc loop gang, vector(32) /* blockldx.x threadldx.x */ o< SIE

RRAKFBHREBT Y —
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=1

* acc_compute.f90 or acc_compute.c DYV—RX &, A /NA)L
Ayt—T%F REEARTIZE

>

— A2 /\AJL : S make acc_compute
- FHE
— parallel / kernels TMDELY
~ BBESELHEEDaV 1T Ayt—

* acc_kernels_BAD indirect_reference &
acc_kernels_indirect_reference M ELER

RRAFIERER Y — GPUT OS5I AP
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> =—
e

PGl ACC TIME [Z&A0penACC EITNDHES

E ity

- PGIBEMIZE . OpenACC TATSLMNEITEINTULNEHE

MERT BIZIL. IRIEEHPGI_ACC_TIME ZES5D A FH
{HEULVA (—BeRLnudBE. FEA2 859 TF 4T Sa ) E1TH)
— S export PGI_ACC_TIME=1

—- $(7RU 5 LDETT)

B

« S[EZHA-PACS IR DT, a7 NP TCIREBELTHZENTE

?’éﬁ\%?ﬁ\?ﬁé
— OqJRY)TRRIZENTHSD

m%?jt%l $E m% /9— GPUT OS5I AP
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EEH2
° acc_data.fo0 or acc_data.c DYV—RE, AN )L AYVE—UZF R
e ARTLIZS0LY
— a2/ )L : $ make acc_data
- AT SLHEZEITL. PGI_ACC_TIMEDH AEHEZRL TS0
—- 1T
* S gsub acc_data.sh

— INYFDITRITHIRT 95 acc_data.sh.oXXXXXX (HZZEH H),
acc_data.sh.eXXXXXX (BZEITS—H D) D2T77MILHH KD

— PGI_ACC_TIME D &R
 Sless acc_data.sh.eXXXXXX #I2#¥ETS5—NDA
- GEER

— acc_data_copy, acc_data_copyinout D E{THERE DELY

m SRS SRR T 5 — GPUTATTIL Y AR
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=33

- 1THIFE D 0OpenACCit
* matmul.f90 £zl matmul.c AL S,

— YT INTATSLESEIZ, acc_matmul L—FIZ
OpenACCIER X ZMNA TLZELY,

1024 * 1024 matrix

check result...OK

elapsed time[sec] : 0.07179
FLOPS[GFlops] : 29.88292

RRAFIERER Y — GPUTES 534 A
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EE4
- B ARRROTAS S LNDEEIE
- diffusion.f90 E£7=IZ diffusion.c ZzFHL 5,
— BEIZOpenACCIE SN TLVAD T, EITLTH TL =&Y

H 7115 | ====== OpenACC diffusion program ======

128 * 128 * 128
accuracy : 0.444E-05
elapsed time[sec] : 24.79527
throughput[GB/sec]: 2.21664
FLOPS[GFLOPS] : 1.80102

- MYEEDIESR
— NVIDIA Visual ProfilerZ FHUL\5
— HEED®EBEILZTITO
« T —AREEITER
m RRAFEHRER T Y— GPUT OS5I AR
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NVIDIA Visual Profiler Z AL -&#E 1L

* NVIDIA Visual Profiler Z#Z &f
— ABASYT4TaTEELT
« § ./interactive-job-X.sh #Ha-PACSADsshBsIZvEDHTULVELNEXBT B

— )
* S nvvp

m %Fj(%%gﬁgﬁﬁt/g— GPUT AT 339 AFT
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NVIDIA Visual Profiler A\ \f-&x#E1t

[ NON ] [X| NVIDIA Visual Profiler
File View Window Help
Y
= g
ZxEJ)00
@ Analysis 32 [ Details El Console [ Settings . = B [ Properties & = 0

-Results

SEERG Export PDF Re

Select or highlight a single interval to see properties




NVIDIA Visual Profiler Z AL\ -&#E 1t

@00

Connection:

'\ Create New Session

Executable Properties

Set executable properties

Local

$ ] [Manage connections...

Toolkit:

CUDA Toolkit 7.5 (/appli/CUDA/7.5.18/cudatoolkit/bin/)

] ‘ Manage...

File:

Enter executable file [required]

ET77 IV ERS ] Browse...

Working directory:

Enter working directory M%fﬁ’é’%ﬁ%ﬁﬁ’é%#ﬂ(/work)% ] ‘ Browse...

Arguments:

Enter command-line arguments

Profile child processes

<>

Y| | ———

Environment:

Name Value

Add

Delete

Finish

%Em’

INFORMATION TECHNOLOGY CENTER, THE UNIVERSITY OF TOKYO
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NVIDIA Visual Profiler Z AL\ -&#E 1t

[ NON®) '\ Create New Session
Executable Properties

Set executable properties

Connection: Local < ] ‘ Manage connections...
Toolkit: CUDA Toolkit 7.5 (/appli/CUDA/7.5.18/cudatoolkit/bin/) ] \ Manage...
File: /work/GPUSEMINAR/hoshino117/OpenACC_samples/F/matmul ] ‘ Browse...
Working directory: |/work/GPUSEMINAR/hoshino117/0OpenACC_samples/F || Browse...
Arguments: Enter command-line arguments
Profile child processes 2 ]
Environment: Name Value Add
falZF T4 LR T
RAL
Back H Next > | ‘ Cancel ’ | Finish

—
Elgﬁ AR LT R ——F===aa g
INFORMATION TECHNOLOGY CENTER, THE UNIVERSITY OF TOKYO
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NVIDIA Visual Profiler Z AL -&#E 1L

® 0 '\ Create New Session

Executable Properties

Set executable properties

Execution timeout: | Enter maximum execution timeout in seconds [optional] seconds

Start execution with profiling enabled

Enable concurrent kernel profiling

Enable CUDA API tracing in the timeline

['] Enable power, clock, and thermal profiling

Enable unified memory profiling

[J] Replay application to collect events and metrics [not supported with multiprocess profiling]

Run guided analysis %IEHJ:?‘?#)LF’GL\L\
(unified memoryZi & [XERALEELVAY...)

AE—kL

[ < Back J Next Cancel ’ ‘ Finish {

—
Elg/ SN T I T I TIA—— IO —
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NVIDIA Visual Profiler Z AL\ -&#E 1t

(o0 @ X/ NVIDIA Visual Profiler
Fle View Window Run Help
9 . Ll &y Q'D ¥ L2¢

§ *NewSessionl 2
01ls 0.15s

p s 0.05s 1

\=| Process "matmul" (219159)
= Thread 2306217696

- Driver AP "~ cubevicePrimaryCtxRetain | cube... ||| custrea..|

~ Profiling Overhead . | ||

=/ [0] Tesla M2090
[=| Context 1 (CUDA)

- ¥ MemCpy (HtoD) Il

|

~ S MemCpy (DtoH)
= Compute

~ 7 100.0% acc_matmul_20_gpu

[=| Streams
J[[acc_mat..

- Stream 13
N lEmatmulDHEEER,
diffusion T L TH TLF=ELY,

B AP SRR — GPUTRT S22 AP
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NVIDIA Visual Profiler &5 IZ{E LN

(@0 @ ’X| NVIDIA Visual Profiler

Fle View Window Run Help

MNEHE RS R @ r[@e &

NDINESWHEZAZII9ITHE DDA RUNEIRETED,
=]

[=| Process "matmul" (21915&1—5[}3'57%‘1 ':H%Fﬁﬁ 75‘\%}‘75\61': . e,.@ IIQF?E%%O

[=| Thread 2306217696
" cubevicePrimaryCtxRetan | cube... ]| custrea..|
[

~ Driver API
~ Profiling Overhead . I
=/ [0] Tesla M2090
[=| Context 1 (CUDA)
=~ MemCpy (HtoD) | "
|

~ S MemCpy (DtoH)
=l Compute

~ 7 100.0% acc_matmul_20_gpu
= Streams

- Stream 13

§ *NewSessionl &
Xy AZSRERTSUFAAN—D T ZD BIIGEEXRG TES,

RRAFIERER Y — GPUTES S35 A
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BANEEL: diffusion.c HAELY?

100
90
80
‘@ 70
=
] 60
S § W K20X (Kepler)
= 50 P
§ 40 - W M2090(Fermi)
& 30 -
20
10 - Fermi C@®diffusion.c
DEITHIEREITEL,
0" EREFAES

matmul.fo90 matmul.c diffusion.fo90 diffusion.c

RRAFIERER Y — GPUTES 53V AP o
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