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OpenACC

Vector

I$acc parallel loop gang
doi=1, N
I$acc loop vector
do j =1, M
< loop code >
end do
end do

14
This material is released by Prometech Software Inc. under the CC BY-NC-ND 4.0



Gang - Worker - Vector (CDUNYTC

; Xy\;orlg%l;’\ﬂzﬁ(iGangWE?Ei'?&@Vector’a“:ﬁDE B EE
Pl BEEEEEEE |3 workers
= Worker@RiER(E., FIC1DDKET/RVectorx
BN S AV ector c HET B = & EEEEEEEE
- Z(FZEEAFA

= RENL—THIEE (C/h=< KRS/ AVector
HIF D ECAU Y MORUVZEICERRR
CENHDD

OpenACC 15

This material is released by Prometech Software Inc. under the CC BY-NC-ND 4.0




Gang - Worker - Vector (CDUNYTC

= BRI — K&, Gang/Worker levelD
54z &ML — T (SERA LTS

= HFEDOTI— REDEWNE. BNIL—T
HHRITI DVectorz/ NS TEB &
— 12T E BRG]

« RAID)IL— T LBV NS WSS (C1ERE
[ L ZHXD

OpenACC

I$acc parallel loop gang worker
doi=1, N
I$acc loop vector
do j =1, M
< loop code >
end do
end do

3 Workers
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parallel>=« L O7« J DIFE

= parallel>--r L2775« J D155 num_gangs(N), num_workers(M), vector_length(Q)
T Gang, Worker, Vec’cord)z:zﬂljiiE ETD

= TENENNEDIL—T (BT BHh\%= gang, worker, vector TIEET D

I'$acc parallel [num gangs(Z)“num workers (2)[vector length(32)
I$acc loop [gang|[worker]

do x = 1,
I$acc loop |vector
doy =1,
array(x,y) = array(x,y) + 1
end do
end do
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= kemnelsT « L7« J={EHT 515
BFLIBNEEILEND

I$acc kernels loop|gang(2)||worker(2)

= gang(N), worker(M), vector(Q) _C do x = 1,
JL— :fiiigé:y&%ir]$¥h_i TE O] BE é$aCC loop|vector(32)
oy =41,
= parallel>« L5« J%&=EBUHZET array(x,y) = array(x,y) + 1
IBEI D EHT]HEE end do
end do
- HRIEE URVMBAZTO> /(S | $acc end kernels

BEIR(SRET D
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BFLIBNEEILEND

= gang(N), worker(M), vector(Q) _C
JL— j1i%tyﬂl7ciﬂﬂ%(gi‘ TE O] HE

= parallel>=« L5« JZEUHET
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= BMEIEEURWNGES
HEISRET D

= J)L—JCZ &(CZgang, worker, vectord®
B(FZEEn]gE

(F3> )\ SH

OpenACC

I$acc kernels

I$acc loop gang(2) worker(2)

do x = 1,
I$acc loop vector(32)
doy =1,
array(x,y) = array(x,y) + 1
end do
end do

I$acc loop gang(4) worker(4)

do x = 1,
I$acc loop vector(16)
doy =1,
array2(x,y) = array2(x,y) + 1
end do
end do
I$acc end kernels o0
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Gang - Worker - Vector DEI{EH

('7 <‘\ I$acc kernels loop gang worker(1)
<—— Vector —> do x =1, 4

I$acc loop vector(8)

NN T worker doy = 1, 8
array(x,y) = array(x,y) + 1

end do
end do

\‘7 <4/ I$acc end kernels

Vector 1 Worker ]Gang
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Gang - Worker - Vector OEI{EH: RTNLE < JIL—TF

(’7 <‘\ I$acc kernels loop gang worker(1)
< Vector = dox = 1,

I$acc loop vector(4)

HEEE ] vorker iy
array(x,y) = array(x,y) + 1

end do
end do

\_ Gang Y, I$acc end kernels
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4 < Vector —>
==== }Workers
\_ Gang
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J

I$acc kernels loop gang|worker(2)

do X =

J

I$acc loop|vector(4)

doy =1,
array(x,y)
end do
end do

= array(x,y) + 1

I$acc end kernels
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Gang - Worker - Vector MEMEHI: #8210 —H—

[ \ I$acc kernels loop gang worker(2)
< Vector —> do x = 1, 4

.... I$acc loop vector(4)
doy =1, 8
.... ]-ZWorkers array(x,y) = array(x,y) + 1;

end do
\_ Gang ) ?ggcgoend kernels
s <«+— Vector —> = Worker Z151° UTZHER
Gang 2 Workers Gang (& 2 & U ERK
SNIR<7RD
_ <— Vector —>
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€—— Vector —m™>

RN NENE | worker

\_ Gang )

Al

= ENIL—TEN 4 DIFE
s NRXOVNIEZ8ICTDE?

I$acc kernels loop gang worker(1)

do x =1,
1$ acc loop |vector(8)
doly = 1,
array(x,y) = array(x,y) + 1
end do
end do

l$acc end kernels
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OpenACC
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I$acc kernels loop gang worker(1)

do x =1, 4
I$acc loop vector(8)
doy =1, 4
array(x,y) = array(x,y) + 1
end do
end do

I$acc end kernels

= =

= | - Vector DEEHER
IL—T XDOKZFLN
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4 < Vector —> A
==== }Workers
\_ Gang Y,

I$acc kernels loop gang|worker(2)

do x = 1,
I$acc loop|vector(4)
doy =1,
array(x,y) = array(x,y) + 1
end do
end do

I$acc end kernels

OpenACC
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Gang - Worker - Vector DENERI: &AL —THV/ WS

I$acc kernels loop gang worker(2)

[ < Vector —> \ w° !);azccljloip vector(4)
EEEE Y
.-.. }Workers ;Pgay(x,y) = array(x,y) + 1
end do
\ Gang ) I$acc end kernels
~N
«— Vector—3 = Vector bf/J\‘c"<7'ctD e &ETIL—
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Gang - Worker - Vector OENEHI: collapseB) = ER I DHBE
- D

€—— Vector —m™>

NN NN | worker

\_ Gang )

= Z8E)L—T(C(F collapsed EWLW\DSIL—T—ELDHEEN DD

I$acc kernels loop|collapse(2)| gang worker(1l) vector(8)
do x = 1,
doy =1,
array(x,y) = array(x,y) + 1
end do
end do
I$acc end kernels
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Gang - Worker - Vector OENEHI: collapseB) = ER I DHBE

(r' <‘\ I$acc kernels loop collapse(2) gang worker(l) vector(8)
<€—— Vector —m—> do x = 1,
doy =1,
HEENNENN | worker array(oy) = anray(y) + 1
end do
end do
|
\ Gang ) I$acc end kernels

collapse( 2 )

enlea|ed| e = collapsefl(C K D2DD/NELN
=T Z1DDREIX)IL—T(C

anlealae3 | e FEHBDZ ENT]EE

anl el @3l gy = 5 ZESH. KDEL) Vector
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Warp: GPUX v RDEITEHAL
= EFR(CIEGang - Worker - VectorDEEKX D KRS WEDHEIDZHTEND

= NVIDIA GPURIFICT O S AT DIHFE. Warps Z 1+ TERATEDILDICEIC
VectorDE % 320DZ3CEFE T D
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device type f: B&ZIFFADSY —T v MG

device type ( <type> )
CNBAF(TIBE SNTZENEZEITH type THEE UTZ device DIFE (CDHERHETND

BIZIENVIDIA GPUBIFICERBIELTZE L TH. CPUIRERID device DIEREZIRIRD
EMRLTIED

1DDT+« LT+« T THEED device I[CDWTHERBIDEREA(LEIZ SCh o] EE

I$acc parallel loop collapse(3) device type(nvidia) vector_ length(256)
do i =1, size
do j = 1, size
do k = 1, size
c(i,j) = c(i,j) + a(i,k) * b(k,J);
end do
end do
OpenACC | end do 34
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SYNCHRONOUS
Populate A
FERTF
9£$<
Populate B
Add A + B
OpenACC

ASYNCHRONOUS

Populate A Populate B

Add A + B
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async EnD3E

C/C++:  #pragma acc <directive> <clauses> async(n)
Fortran: !$acc <directive> <clauses> async(n)
Async launches work asynchronously in queue n, then returns to host

= OpenACCldasynclC KD DO DULIEZ [EEF (CEITRIEE

* Device ELMDFTE EHost EDFTEZRIFFCRIT. 55U\ IDevice L CEIEI DD E
B (CT—AEmXZIiTD &NV a]EE

* F1—n MEESNRMESET IAIL bFa1— (&K) MHEESND

#pragma acc parallel loop #pragma acc update device(...)
OpenACC Host Code 40
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Default Queue 1 Queue 2
Queue

« IEFEERAIBDFEITIE. Fa1— EMENDFEIT
S|l BSHAR LU TERITID

= JEEHALIR LWV I — R(F1TDDOF*F 1 — (5_
JA)LbF1—) UHMER UL

— CNFETRBNULUETOISAEIT IAIL
F*1—%=fFEH

s MB(ICIHSUF 21—V DEEMRTEDIN. &
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JEBHRLIB Z (A UL \iaES

Default Queue 1 Queue 2
Queue

I$acc parallel loop
doi=1, 100

X(i) = ... Loop 1
end do
I$acc update self(X[1:100])
Update 1
I$acc parallel loop
do i = 101, 200

X(i) = ..
end do
I$acc update self(X[101:200])

Loop 2

call print_array(X) Update 2

OpenACC 22
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DYANAY =

Rt
A

FERIHALEE

Default Queue 1 Queue 2
Queue

= 2R (IBIDOIBHIE T I DD Loop 1
R =

= OpenACCDOT T A JL SEME Update 1

Loop 2

Update 2

OpenACC .2
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JEEJERLIB DA « — D%

TR

[ TLLd

I$acc parallel loop async(1l)
do i =1, 100
X(i) = ...
end do
I$acc update self(X[1:100]) async(1)

I$acc parallel loop async(2)
do i = 101, 200
X(i) = ...
end do
I$acc update self(X[101:200]) async(2)

call print_array(X)

OpenACC

Fa1—1INEA

F1 2N\ A
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JEEERLIR DA : — D& TALIE

Default Queue 1 Queue 2
Queue

I$acc parallel loop async(1l)
do i =1, 100

X(i) = ... Loop 1
end do
I$acc update self(X[1:100]) async(1)

Update 1
I$acc parallel loop async(2) Loop 2

do i = 101, 200
X(i) = ...

end do Update 2
I$acc update self(X[101:200]) async(2)

call print_array(X)

OpenACC I’
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Default Queue 1 Queue 2
Queue

= asyncEiIlC KD . Loop 1&Loop 2%

BT e/ =
= asyncz= B UIRUWZE (CEEAX,
Loop 2% < (CRIATETEN... Loop 2

Update 2

OpenACC i
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FERIRRALIE DA : 7R MUEDE & U

= asyncEi(C K DULIEZ i

I$acc parallel loop async(1) ZE 0 —(CABH. 2D

o 1X(=i)1’= 1% 'féd).-:-l-.,— NECEAN@GES T

end do L CEITS=ND

I$acc update self(X[1:100]) async(1) « EEOI— RTE. JL—
jb%%ﬁb\%abé A (C

I$acc parallel loop async(2)

do i = 101, 200 print_arrayBEEZU\IF O

X(i) = ... csNCULZED

end do

I$acc update self(X[101:200]) async(2) ) ‘—*ual- Walt T4 LOT+
JChETES

call print_array(X) <
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wait =1 L5+

C/C++: #pragma acc wait(n)
Fortran: !$acc wait(n)

= wait (FENFTOIFEHIUEN IR TR T IDFRTIOT S LAZFHIAECT D
* n ZHEREURWGS(E. EORROINTOFI1I—HTTIDIFRCTHETD

#pragma acc parallel loop #pragma acc enter data copyin(...)

Illlllﬁﬂ&ﬁﬁﬁﬂlﬂﬂllllll
Host Code
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FERIERVLIE DA : wait (C K DEHA

I$acc parallel loop async(1l)
do i =1, 100
X(i) = ...
end do
I$acc update self(X[1:100]) async(1)

I$acc parallel loop async(2)
do i = 101, 200
X(i) = ...
end do
I$acc update self(X[101:200]) async(2)
I$acc wait
call print_array(X)

Default Queue 1 Queue 2

||HHHHH||||

Queue

Update 1
Loop 2

Update 2

OpenACC

print_array(X)
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3. CUDAEMDEHE (Interoperability)
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== m

InteroperabilityDEE 4
BIFDOCUDABED A, iR LZzZ2X dHmAI(C

OpenACCI(&,
= BETEDOTOS=Z20FTIL
AA>2DTOTSZ2TETILE UL TOER

o ZAF 1 TDCUDAT — 45 DEIEIRIE ~ CUDATOT S NGB < HEEENN T DFER
= CUDAT /1 RBIZIDIEUH L — BIfF BE DA

= CUDANS0penACCREZIMDITUHH U — CUDAT O S LNFER S HERENN T D FE
ZoulgeE 9D
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Interoperability D& X 7
F—INBREESE

=TI
= EBROTOUS=JFEFTILEBITT /A X EDFT—SFEODED I3
H—=xI)L>xc 7>

BIOTOTSZ2JEFTIVCEIDETEONET —FZFE>TH—FIL
ZIFOH9
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BANNSEEFAHD

T—=

L]
\/

\UlI
]

OpenACCZRAWTHEL TWD 7T U5 —23>T
* CUDAT 512D TBOREIEZITVVELY = OpenACCEEDT —45ZHAE

CUDAZRAWTHRELCTWBR V7T U —>3>T
* OpenACCTHIIZ/RETED—)LZERL UIZLY = CUDABEDT —5Z=HE
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OpenACCEIEDT —4%HH
- OpenACCH'5SCUDAZ TN T
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OpenACCHOT—HZ2HEFTD

= OpenACC (3704 5 /s £ THost&DeviceD A E U (F1DDRA > TEEEN
DIz, BIRDINA 2 AZFTFTOREMNRVN (BEF1D)

= Device E(CT—AHEFE|DYTIZESE. HostEDevicedD 77 RLZADY W E>THE
RN

= Host&DeviceEESDAEY T —)L

A - 0x0000 A 6x3000 * Hostd— RT/RAAHERUIEHES
B - 0x0320 C - ox0320 (FHostdD 77 L AHY
C - 0x0640

= Deviced— RTRA>ASBUIEE
&ldDevice77 RLAMMERAETND
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OpenACCHOT—HZ2HEFTD

= CUDADIZE. Host * Device CZDDEHNMNDD., COLDSIRIVET(FFEL
Tc,LL\b aLéT > T. CUDAZIFEUH I5E. DevicedFV RL X xR (CfERAI S
WNWENDD

: OpenACC“CEEﬁLﬂT_T %&£ > CTOpenACCT— FAIMSCUDA — R/ LZZICEN
Di5E. DevicedJ’ I\I/X%EH/TEI’J(L_HR L CCUDAR—FRILISEZIRTNIERS
A A

= host_data >« L O« J(&
Device Memory OpenACCDDeviceT —FIN\DT KL
ARZHUS I DIZHITERT D

S _ gﬁgggg | A - ©x0000 * host_data 5« L5 1 J[3HostD
C — 0x0640 ‘ C - 0x0320 K10 D (CDeviceM-1 > A %={ERAT

DEODOAVINASICIBRT D
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IFOM U T2UL\CUDAT — RaDBI: saxpy

- ADEL DR y=ax+y ZstHE I DCUDA
11— RZOpenACCHISIFEUNE LTzuy

CUDAMWSMHUE Ii5E. COREERIC(E

Devicer-1 >4 (~GPUXEU (R UT=

BRI

OpenACCH\SMUH I 155, dataT

L5« TJICEDCPUMNSGPUICT—4H
#riX U, host data> -+ L5« J %=F|
g\Lﬁ;%CUDAb—*)MCDeViceﬁ/I"/9

OpenACC

__global__
void saxpy_kernel(int n, float a,
float *x, float *y)
{
int 1 = blockIdx.x*blockDim.x + threadIdx.Xx;
if (1 < n) y[i] = a*x[1] + y[i];
}

void saxpy(int n, float a,
float *dx, float *dy)

{
// Launch CUDA Kernel

saxpy_kernel<<<4096,256>>>(n, a, dx, dy);
}
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Interface: Fortran S CUDAZ I I =8 (C

- Fortran ES1—J)L{>4—JT—X% | module saxpy_c_mod
EE%QETESZ:é%YfForUan:f[]f7f5[Aiﬁ€5C interface
DR ZTFOEE D subroutine saxpy(n, a, dx, dy) bind(c)
_ . W i bindi
B0 alE CEE/ ST oTE | U oo binding
\
HOBNESNS integer(C_INT) :: n
= 25— 1T —AXICKDFortranfcslldx, real(C_FLOAT) :: a
dy UDZ(:E D77 KL AN COREERDBI1ER & type(C_PTR) 1 dx, dy
LTRITE=ND end subroutine saxpy
end interface
end module saxpy_c_mod
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host_data 7=« L5« 2 OERHI

Fortran 775 CUDAZ IS\

program main
use saxpy_c_mod

= 1$acc data copy(y) copyin(x) DevicelCT—4 D]

integer, parameter :: n = 2%**20 _7&'{/FEE§_5

real, dimension(N) :: x, y

real t:a= 2.0

X =1.0 —

y = 0.0 = I$acc host data use device(y,x) - S >F 1 AlCxEy

MDevice 7’ RL X % saxpyFAE THED LS (JE/TU'ZD
I$acc data copy(y) copyin(x)

1$acc host_data use_device(y,x)

call saxpy(n, a, X, y) = "I$acc host_data” I K U “I$acc end host_data” (D7E
I$acc end host_data iﬁkWtEbﬂéﬂt@@%?&”?Uﬂj Uik, BEHRIC
I$acc end data Device 7 L A% (TELD

end program

OpenACC 59

This material is released by Prometech Software Inc. under the CC BY-NC-ND 4.0




-4 =1J: cuBLAS

host dataZz L\ FEXIIBEEFDGPUIC
REIEENTF=Z14T3)EDAATT—R
EDAZ—TIARELTHERATES

15']1@
cuBLAS
o CUFFT
« MAGMA
e Thrust(f&aRLET)

e Libsci_acc

OpenACC

OpenACC Main Calling cuBLAS

program main
use cublas_v2

integer, parameter :: n = 2%*29

real*4, dimension(N) :: x, y
type(cublasHandle) :: cublas_H
integer :: status

X =1.0

y = 0.0

status = cublasCreate(cublas_H)

I$acc data copy(y) copyin(x)

I$acc host_data use_device(y,x)

status = cublasSaxpy(cublas H, n, 2.0, x, 1, y, 1)
I$acc end host_data

I$acc end data

status = cublasDestroy(cublas_H)

end program 60

nvfortran -acc -cudalib=cublas saxpy_v2.f90




CUDABIRDOT—4=HH
- CUDANS OpenACCZEIFONE T
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Using CUDA addresses in OpenACC compute constructs

CUDADT —4%Z0penACCEHEB I IIHE(EL?

CUDAICEIDHTBNIET—5%Z0penACCTERE LTz

CUDAY RL RZERT DBE(IUTDHRECNY—D% T DdNENDD :
1. Device?h-f > %&0penACCICHBRT B

2. Devicelhf >H%&O0penACCS AL LAT T U b EREMITS
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UM U 72U \OpenACC — RODAI: saxpy

OpenACC Version !

void saxpy(int n, float a, B
float *x, float *y)

{

#pragma acc parallel loop default(present)
for(int 1 = 0; i < n; i++) {
y[i] = a*x[1i] + y[i];
}

OpenACC

EDED/Ry=ax+yZsTE 9 50penACC
11— RZ2CUDAMSIFEON LY

OpenACCHSHUH IHE([d. CDREERIC
Host/h-1 > A& 5% 3. OpenACCS > A1 I
Ny JEniz DeV|ce7|'\/I’//5(; Z9d B

UMD UCUDAT/I\A AXEUZFEHT DIFE.
Devicerh- > UDMER TSR0

dewceptr’a’:ﬁﬁ WA ET. x&EyhiDevicerRk-1
> THD? Tﬁ'&b\ué\gfdb\c_ct%':jz/ﬂ'ﬂ;
(CIEADZ ENEJEE
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deviceptr Efi

deviceptrfi( AT = 1 MV I T(CDevice L (T DB IMEBIRNC &

Z A2 )\ A S(CIERD

= deviceptridparallel, kernels, data> -« L5« J CERTE3

program main
cudaMallocManaged((void*)&x, (size_t)n*sizeof(float));
cudaMallocManaged((void*)&y, (size_t)n*sizeof(float));
call saxpy(n, a, x, y)

end program

subroutine saxpy(n, a, x, y)
integer :: n
real :oa, x(*), y(*)
I$acc parallel loop deviceptr(y,x)
doi=1,n
y(i) = y(i) + a * x(i)
end do
I$acc end parallel
end subroutine

X&YIE 9 TlZDevice

RAVBELTERZS
DTEEMERTS
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OpenACC & Thrust

Thrust(XC++DIZEDSTLS A D187 IOt
SL—95414735

» High-level interface

* Host/Device container classes

« Common parallel algorithms

Thrust®DvectorBY%Z Devicerh-1 >4 (CF v
A KMUTOpenACCTHEAT D Z &N a]EE

void saxpy(int n, float a, float *x, float *y)
{

#pragma acc parallel loop deviceptr(y,x)
for(int i = @; i < n; i++) {
y[i] = a*x[1] + y[i];

OpenACC

e, Less Programming

thrust.github.io

Get Started Documentation Community Get Thrust

What is Thrust?

Thrust is a parallel algorithms library which resembles the C++ Standard Template Library (STL). Thrust's high-
level interface greatly enhances programmer productivity while enabling performance portability between
GPUs and multicore CPUs. Interoperability with established technologies (such as CUDA, TBB, and OpenMP)
facilitates integration with existing software. Develop high-performance applications rapidly with Thrustl

Examples
Thrust 1.17.2 (==

Thrust is best explained through

Summary
then transfers them to a parallel «

Thrust 1.17.2 is a minor bugfix release that provides an updated version of CUB.
#include <thrust/host_vectar
ﬁinc\ude <thrust§device_\rect
include <thrust/generate.h?
#include <thrust/sort.h> v Assats @
#include <thrust /copy.h> .
tinclude <algorithm: [F) Source code (zip 15 hours aga
#include <cstdlib> [E) Source code (tar.ga] 15 hours 2ga

int mainivoid) . P
{ 0| Jsin discussion

£/ generate 32M random nun
thrust::host _vector<int: t
std::generateih_vec.hegin!

// transfer data to the de Thrust 2.0.0 (=
thrust::device_vector<int:

// sort data on the device Summary

thrust i isort (d_vec.hegin()

// transfar data back to b The Thrust 2.0.0 major release adds a dependency on libcu++ and contains several breaking changes. These include new

thrust::copy (d vec.hegin () diagnosti en inspecting device-only lambdas from the host, removal of the cus symlink in the Thrust repository root,
- and removal of the deprecated TRuST_+_BACKEND MECros. It also includes several minor bugfixes and cleanups.

return 0;

} Breaking Changes

This code sample computes the ¢ -
®  #15605: Add libcu++ dependency.
o A suitable version of libcu++ is provided through the ${THRUST_ROOT}/dependencies/libcudacxx/ sUbmodule.

& Mon-cmake users may need to add the libcu++ include path to their builds { -1

${THRUST ROOT}/dependencies/1ibcudacxx/ include/ )
o The Thrust CMake packages have been updated to add this include path.
= #1505: The following macros are no longer defined by default. They can be re-enabled by defining
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OpenACC & Thrust

Thrust(dC++DIzbDSTLS A D1IR 701
S-S5

int N = 1<<20;

* I_Iigh"levelinterface thrust::host_vector<float> x(N), y(N);
* Host/Device container classes for(int i=0; i<N; i++)
« Common parallel algorithms t
x[i] = 1.0F;
, TR _ y[i] = @.ef;
Thrust®Dvector&Z Devicerh-1 > (CF+7 }

A KMUTOpenACCTHEAT D Z &N a]EE

// Copy to Device

subroutine saxpy(n, a, x, y) bind(c) thrust::device_vector<float> d_x = x;
integer :: n thrust::device_vector<float> d_y = y;
real ::oa, x(*), y(*)

. saxpy(N,2.0, d_x.data().get(),
I$acc kernels deviceptr(y,x)

d_y.data().get ;
oo _y.data().get());
y(i) = y(i) + a * x(i) // Copy back to host
end do y = d_y;
I$acc end kernels
end subroutine
OpenACC 66
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FINAZANRAADIY ES D

= OpenACCIIRA REFTINAADAETIY T RLADYYE>TZITD
= —H CCUDAIFITRA METI/INARADAEITFT RLADY Y ET(E47107380)

= OpenACCECUDAZAREICHIAT B28(C. CUDADT /A AT —4 %, OpenACC
TIRA KT RLARA D) EMIGITDZENTED
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OpenACC® acc_map_data B%

float A[100];

cudaMalloc((void*)&A d, (size t)100*sizeof(float));
acc_map_data(A, A_d, 100*sizeof(float));

Host Memory

A - 0x0000

OpenACC

» A_d - 0x0000
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OpenACCO acc_map_data BEZX

= acc_map_data (acc_unmap_data) (C
KDF) \/1’7\OD>(:E'J DI C=

OpenACCODEEL EX T 1T B (map) KT
(IXFEDERBR (Unmap)N TE D

- F—IDRGRIET BIHITWD
NAZINBIN T DUENHD cudaMalloc((void*)&x_d, (size_t)n*sizeof(float));

s IS(CAEYERINT RESEST—4 cudaMalloc((void*)&y d,(size_t)n*sizeof(float));
DI AT VT = R T DNEND D

float x[n], y[n];

acc_map_data(x, x_d, n*sizeof(float));
acc_map_data(y, y _d, n*sizeof(float));

ST TFICELD. ZD)L— [ | #pragma acc parallel loop
7°(JEE)JH’J(Lxc‘:y%%ﬂ% for(int i = @; i < n; i++) {
NOFI/IA T RLRICE ™ x[i] = x[1] * y[i];
BUET }
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acc routine(C L DCUDA & D EE

CUDA Code OpenACC Code
extern “C” _ device_ _ void interface
fldev(float* a, float* b) subroutine fidev( x, y )
{ I$acc routine seq
*a = *b + 1.0; bind(c)
} use iso_c_binding
implicit none
nvcce -c —rdc true testsub.cu type(C_PTR):: X, Y

end subroutine fldev
end interface

BI#kIZCUDA _ device R#i%acc routine
TEEINIEXOpenACCHLFEUH LA EE

do i, 1, n
call fidev( a(i), b(i) )
end do

OpenACC nvfortran -acc -cuda test.f90 testsub.o o
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acc routine(C K DCUDA & D& E

OpenACC Code
interface
CUDA Code subroutine fldev( a, b, i )
extern “C” _ device _ void I$acc routine seq
fldev(float* a, float* b, int i) bind(c)
{ use iso_c_binding
a[i] = .... b[i] .... implicit none
} integer(C_INT) :: i

type(C_PTR):: a, b
end subroutine fldev
end interface

BI#kIZCUDA _ device R#i%acc routine
TEEINIEXOpenACCHLFEUH LA EE

do i, 1, n
call fidev( a, b, i)

OpenACC end do 2
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BT )\ A RZ2FF DT EHZFIFT D

CPU Device

« CCEFTIF1EDDeviceZ ETE. ##Device.
"" EEETEMIER L TULRh S I

« UNDUBFS, STERISIEERDDevice MF D &
AN 11 Ol AN ¥

= WS DNDERDT5ETDMulti-Device’d T
DSZDDFERZHRAT D
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BT )\ A RZ2FF DT EHZFIFT D

Node

= Multi-DeviceZEIH I B3DDEIRE CPU Device0

Device1

HHRHAHHE

= OpenACCO#EIMAHFEE Easyncz ALY
J=Multi-Devicel®/E

: Op___LelnI\/IP_C‘%XD“J R(CBIdDDeviceZz El | ) ::;::;;:
D = ,Té “Shared Cache

= MPIZ{ERUMPIZ> O &ICRIDT )N
A RA%ZE|IDHTSD (MEriELE)

OpenACC
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OpenACC DH T )L FGPUZE
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Jl

OpenACC DH T )L FGPUZE

= OpenACCOEIMAFHEERZRHNTEET D

= IERBEAT O S => 7 (async-wait) BER T INENGH D
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{EFHBIEE/EDevice2i&E AN B

int num_devices = 5

e LT T T T +
| NVIDIA-SMI 515.43.04 Driver Version: 515.43.04 CUDA Version: 11.7 |
[-==mmmmm e o m e o m e +
| GPU Name Persistence-M| Bus-Id Disp.A | Volatile Uncorr. ECC |
= 4t gl . —_ | Fan Temp Perf Pwr:Usage/Cap]| Memory-Usage | GPU-Util Compute M. |
= 5TE#E D& Devicelll& | | | MIG M. |
II > D ,, W @ D | ===============================+======================+====================== |
E yl:\l;f D\_CIEI Iﬁ ?—573 | @ NVIDIA A100-SXM... On | ©0000000:01:00.0 Off | 0 |
NENNDHTHEND | N/A 43C PO 140W / 400W | 4812MiB / 40960MiB | 82% Default |
| | | Disabled |
—_— ~ | —=_] /=5 =1 \]s t-----mmmmmmm s t----mmmmmmmmmm s t-----mmmmmmmm s +
- L_;h.b(c_ﬁ E% 7 i%”%” Dé | 1 NVIDIA A160-SXM... On | 000P0e00:41:00.8 Off | 0 |
— - . . | NJA 31C PO 55W / 400W | OMiB / 40966MiB | 0% Default |

T2 &ET. Multi-Devices .
— | | | Disabled |
SUBEFT S T T e :
| 2 NVIDIA A100-SXM... On | 00000000:81:00.0 Off | o |
| NJA 28C PO 53W / 400W | OMiB / 40966MiB | 0% Default |
| | | Disabled |
o m e Fom - oo +
| 3 NVIDIA A100-SXM... On | 00000000:C1:00.0 Off | o |
| N/A 28C Po 52W / 400W | OMiB / 40960MiB | 0% Default |
| | | Disabled |
o m e Fom - oo +
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DeviceDYIDE X

acc_set _device num(device num, acc_device default);

acc_set _device num(@, acc_device default);
#pragma acc parallel loop async
for(int i = @; i < size; i++) {

}

acc_set device num(1l, acc_device default);
#pragma acc parallel loop async
for(int j = 0; j < size; j++) {

}

OpenACC

= acc set deV|ce num_C7OT/r 13

DeviceZ t]) D&

* DeviceD—RI)L7ZZ2x1— (&L T
5. BllDDevicelCIDEX BB

= async)L—TJ(C9 B & THldDDevice
L@’a’:ﬁf ?(;%Dewced)kﬂ%
I BdENT]EE
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Mandelbrot& &M~ )L FGPU1L

= Y>5)LJOEEZHCMulti-Device{b %=
EZ25

= J— ROENEESHRZ NS DT 0Ov D
ANDEIL., 70OV o%RI2DT)\AXT
sSTEUSEEIL

= = > F)LICMulti-Device{th BT BE
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Mandelbrot&E& M~ )L FGPU{L: —4~

acc enter/exit dataz{&FH

int main() {

int ndevices = acc_get_num_devices(acc_device_default);
o int block_size = WIDTH*HEIGHT/ndevices;
/E\DGVICGODETEJEHX for(int device=0; device < ndevices; device++) {

€z iR

acc_set_device_num(device, acc_device_default);
#pragma acc enter data create(image[block_size*device:block_size])

}

... // Compute

for(int device=0; device < ndevices; device++) {
acc_set_device_num(device, acc_device_default);

/\ .
“FDeviceAED #pragma acc exit data delete(image)

7 fEIR , !
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Mandelbrot&E& M~ )L FGPU{L: —4~

acc enter/exit dataz{&FH

= Devicel[CKDIERHAICAEUD Hie By
%U% &ﬁ@ﬁﬁb‘ﬁ'bﬂ%&(&"ﬁﬂ% int ndevices = acc_get_num_devices(acc_device_default);

7_\(,\ int block_size = WIDTH*HEIGHT/ndevices;
S for(int device=0; device < ndevices; device++) {
acc_set_device_num(device, acc_device_default);

E_EET](CX:E IJ 7&%” D %t% #pr‘agn;a acc enter data create(image[block_size*device:block_size])

« COTE T, #DeviceldBc?! .+« // Compute
é’ﬁ:?(itﬂ:<§5ﬁﬁﬂ§”%*§t(i for(int device=0; device < ndevices; device++) {

EL \ acc_set_device_num(device, acc_device_default);
#pragma acc exit data delete(image)

}

}
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Mandelbrot&E &M~ )L FGPU1L: sTEER D

int main() {
int ndevices = acc_get num_devices(acc_device default);
int block_size = WIDTH*HEIGHT/ndevices;
... // Allocate Data
for(int device=0; device<ndevices; device++) {
int yStart = device*(HEIGHT/ndevices);
int yeEnd = yStart+(HEIGHT/ndevices);
acc_set _device_num(device, acc_device_default);
#pragma acc parallel loop async
for(int y=yStart;y<yEnd;y++) {
for(int x=0;x<WIDTH;x++) {
image[y*WIDTH+x]=mandelbrot(y,x);

£ Device)lL— THLIE

sTERIG (async)

}

}
#pragma acc update ¥

host(image[yStart*WIDTH:block_size]) async

> —AEnX ki
(async)

IRMDevice’/\ }

... // Wait

... // Deallocate Data
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Mandelbrot&E &M~ )L FGPU1L: sTEER D

. . — ,— int main {
= Multi-Devices CIEEIHALIE Z 1T ¥
Siga(d&DeviceHMER (C int block_size = WIDTH*HEIGHT/ndevices;
asvnc queue = j ... // Allocate Data
yneq 7&?% for(int device=0; device<ndevices; device++) {
- 1lel 1 int yStart = device*(HEIGHT/ndevices);
pragma acc paralle 00p async int yeEnd = yStart+(HEIGHT/ndevices);
" %DeVice(:&jtg_jj)b I\OD #pragma acc parallel loop async
async queue &718D for(int y=yStart;y<yEnd;y++) {
for(int x=0;x<WIDTH;x++) {
- HElﬁ'/fé(:\ Multi—DeviceODiaE'zf:.—\(C image[y*WIDTH+x]=mandelbrot(y,x);
[FROWIBEITSHIC TN TD , !
Deviceﬁﬂ@’a’:ﬁé‘? L/t:: Ct% #pragma acc update ¥
ﬁ&b\&)%%\gb\@é host(image[yStart*WIDTH:block_size]) async
}
... // Wait
... // Deallocate Data
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Mandelbrot&EE &M~ ) LFGPUAL: wait(C & B[E1EA

= EH{KDwait T (L& DDeviceD
R T DIHEFFELUTUED
int main() {

" ":EDGVICG@ET%%%T%EE%(:E@ int ndevices = acc_get _num_devices(acc_device_default);
RBzsITRasync queuelCD T3 UoT ey = (IR TE e B ek
n 7, e oo
L\ Cwaitz 1T

... // Compute

for(int device=0; device < ndevices; device++) {

/\_\\ I\ < °
7/ \‘/Ir“z_cwalt% acc_set_device_num(device, acc_device_default);
HOEd #pragma acc wait
}
... // Deallocate Data
}
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MPIC KDL

~GPU1L

Node O
MPI Rank 0 Rank 1
Device 0 Device 1

Node N/2

Rank N

Device N

OpenACC

= MPIZEE(FE ULHY, FZEE S
YRR (CBND

= OpenACCERTDVILFGPUIL
1— RIEHIEINEHEAL

= MPI + OpenACC(d, EHR#ERIRMPI
2’045 A LTSingle-Device1—
REGIHT D, OpenACCEHALD
B2 TIVIRBEICIRD AT S
ns

= YDIBRYIRETEHE (A2 DGPUNY
EOCULWCE. {REM(CSingle-
DeviceDs1EHEDERH DI EDE
UTIRRS

87

This material is released by Prometech Software Inc. under the CC BY-NC-ND 4.0



MPIHZ KB ILFGPU1L: FEE 145

: , = ZEMPIS > O(3I)IL—T D—EB5
MPI Init(& ,» & s « —,—
o pan arge Sarev) FEFR<RIBI—TEET
MPI_Comm_size(MPI_COMM_WORLD, &nranks); =

MPI_Comm_rank(MPI_COMM_WORLD, &rank); - B DDevice BT T BIEL(C

acc_set _device num(rank, acc_device default); %E%U%Q?C%%(i1;g§ge\é§

ENRXR—2 W IO D )
= DeviceitBE VY —AW+537E

MPI_ Scatter(...);

#pragma acc parallel loop == ey g @ RYANAY: - = = S 5=E5'(¢))
for(int i = rank*N; i < rank*(N+1); i++) MPI1= > 727 CDeviceZHEHIT AR
// Loop EHETED

MPI_Gather(...);
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int main(int argc, char** argv ) {
MPI_Init(&argc,&argv);
int rank, nranks;
MPI_Comm_size(MPI_COMM_WORLD, &nranks);

A\ i | — MPI_Comm_rank (MPI_COMM_WORLD, &rank);
MPH&"ﬁIEJf()(:E J:ET)J/Q?F int block_size = WIDTH*HEIGHT/nranks;
=, BEMPIZ > DI3ETE double *subimage = new double[block size];

TRk Dsub-imageZZ D

acc_set_device_num(rank, acc_device_default);
#pragma acc parallel loop
for(int y=0; y<HEIGHT/nranks; y++) {
for(int x=0; X<WIDTH; x++) {
subimage[ y*WIDTH+x]=mandelbrot(y,x* (HEIGHT/rank));

}
— Vaxla V4 . }
TR, sub—mage’i%éf} #pragma acc update host(subimage[@:block_size])
_Csingle-imageta'ﬁ MPI_Gather(subimage, ..., image, ...);
}
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int main(int argc, char** argv ) {
MPI_Init(&argc,&argv);
int rank, nranks;
MPI_Comm_size(MPI_COMM_WORLD, &nranks);
MPI_Comm_rank(MPI_COMM_WORLD, &rank);
int block_size = WIDTH*HEIGHT/nranks;
double *subimage = new double[block_size];
BEMPIS > O(SIDICIH U T ° [block sizels
Fixd Deviceb\‘@}fﬁﬁjﬁ‘é acc_set_device_num(rank, acc_device_default);
#pragma acc parallel loop
for(int y=0; y<HEIGHT/nranks; y++) {

ZMPIS >3y DN TES VRIS B (B TG B o \

“EEJ&%ET%@“Z)E&JU\/O(JE , subimage[ y*WIDTH+x]=mandelbrot(y,x* (HEIGHT/rank));
UCyDfiEZ=ZEET D }

#pragma acc update host(subimage[@:block_size])
MPI_Gather(subimage, ..., image, ...);

}
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DevicefEl(DMPIF—4A18{=

= MPl(Zhost datas~« L2057+ T

— int main(int argc, char** argv ) {
(L’_USG_dGVIE\G\’@%'f%Fﬁ L/_C MPI_Init(&argc,&argv);
DeVICeFEﬁO)T_QEE Fﬂﬁg'ﬂ: int rank, nranks;
_Cgé MPI_Comm_size(MPI_COMM_WORLD, &nranks);
MPI_Comm_rank (MPI_COMM_WORLD, &rank);
— . | o int block _size = WIDTH*HEIGHT/nranks;
: MEI—GatI’ler(LD“eVICe\X:E JG)/—I_\ double *image = new double[WIDTH*HEIGHT];
’l’f@’cﬁ&f@'tﬁg\ DeVICGFEﬁ double *subimage = new double[block_size];
DT —FEXEN BIEE(C TR D if(rank == @) {
. S 3 . E 3
(DeV|ce memory supportb\aﬁé #prag;na acc enter data create(image[@:WIDTH*HEIGHT])
MPW&EE%(LC':D_C) #pragma acc enter data create(subimage[@:block_size])
. // GPU Computation on subimage
OpenACCOhost_datat
use device(CcJZ'ODeviceFE'ﬁOD #pragma acc host_data use_device(subimage, image)
}gg__gﬁ %%fﬁ‘ MPI_Gather(subimage, block_size, image, WIDTH*HEIGHT,
MPI_DOUBLE, ©, MPI_COMM_WORLD);
}
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MPIRLIE XA (C KB Device X EUHERIX
CUDA-aware MPI, GDRICDUL\YTC
CUDA-aware MPI

= MPHIERDANER CHost X T Z#rx/\w J 77 & UTER UIRIBEY I Device X E U
#riX%Z EI] (Traditional)

GDR (GPU Direct RDMA)

= ZETE ) — RICE&HSNZBIET/NA X (e.g. InfiniBand) DHEEEZALT. HostX4
TUZENMEE T (CDevice X B ZBEIZEX T D

BR— U TWVBARRLIER
= Open MPI, MVAPICH2, MVAPICH2-GDR

* HPC-X

* Open MPIZEENVIDIAOIEE/ (w4 —=, NVIDIA HPC SDKICEREMNTULVD, https://developer.nvidia.com/networking/hpc-x
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https://developer.nvidia.com/networking/hpc-x
https://developer.nvidia.com/networking/hpc-x

CUDA-aware MPI. GDROEL S

# CUDA-aware MPI (Open MPIEJL REFCEREZ=NTULWNIZBEEN(CHERNL)

$ mpirun ... ./a.out

Open MPI
# GDR

$ mpirun --mca btl openib_want _cuda gdr 1 ... ./a.out

FAQ: Running CUDA-aware Open MPI (open-mpi.org) https://www.open-mpi.org/faq/?category=runcuda

# CUDA-aware MPI
MVAPICHZ2 $ export MV2_USE_CUDA=1
$ mpirun_rsh ... ./a.out

# GDR

$ export MV2_PATH=$(basename $(which mpirun_rsh))
MVAPICH2-GDR $ export MV2_USE_CUDA=1

$ mpirun_rsh -export ... ./a.out

MVAPICH :: GDR Userguide (ohio-state.edu) http://mvapich.cse.ohio-state.edu/userguide/gdr/
MRA—/\—J2E1—F—1RESAFALCKDETHER
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MPIC KBRRA MF—SFDiEE

MPI_Send( /* From Rank © -> Rank 1 */ );

MPI Rank O MPI Rank 1

Device 0 //'fCPU—1 Device 1
HHEEEEBH

are acne

ared Cache

11448848 11881848
“hared Cache “Shared Cache
— i —
1 klllﬂiﬁﬂlllJ
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MPIC KBT /A AT —F DB

OpenACC

#pragma acc host_data use_device(array)
MPI_Send( /* From Rank © -> Rank 1 */ );

MPI Rank O

Device 0

(AEXEXRXRX;
“~SHared Cache ™

MPI Rank 1

xewEE] |

ared Cache

(EEXEEEX:
~SRared Cache

=T

/ CPU 1 Device 1\

\_ —
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BEANCEFESPI T (RTH) B%. HEEHEBS3AMUVDZEDIZE (SRR (C
B DRE(FTR0N

TV —2 322K %0penACCTERE T B =R

ES55NKDETADENITEDTLELDN?
1. ETEHAFEFD100%DMEZERFTSND. /2L — RNMEM TRSTF TERL
2. FTEHENTDO70%DMEZESNSD. IZlCUI— MMIBNIZEE TER
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0. O2)\A S DENMFHERS - FERIREL

= K¥(JIntel Fortran®2WYUNRAIZED FortranEBULNE T

= NVIDIA Fortran CETE#ER - (RZE (CRABENVRVVIMREEN R E

= e, REIEAT S a > FFIRZA/I\ASTESTHLELES

(B ot lnviortan _nfort ___|friffrtpx

-Ofast or -fast -fast -03 -Kfast
-gopenmp -mp -fopenmp -Kopenmp

7—%FIF v (-march=icelake) (-march=skylake or (Aurora TSUBASA) (armv8.2+SVE)
-tp=skylake)
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1. OpenACCAT = 3 > DfF5

-acC CaTEFERMIE L LD
-mp -accilj 57 DT CatEMAERMNIE L UL

-gpu=managed (managed memory) &> TTOTSLNEIET DH
ENMET BDIAS. -gpu=managedZi8TE UTZIRRE TR
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2. OpenACCAL

K I (FLEREVE T SIREHEIL—T (T DU Cace kernels TEFIE L TUL K. BAZREYZR
F—AAELENNEBIIZGEN DD

FortrandDiZ& (shaped-array CHNUIIBFN (CEREXSND EZEZSND

CUBLASYOcUFFTHYER Z 73355 (Jace host_data/use_devicez{£> TCUDAS T
SUZFOHT

1751%& (cuBLAS) , IR1T5I~X2 ~NJLFE (cuSPARSE) , 1-3D FFT (cuFFT)
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3. T —AEmXDEiE b

= acc data¥2acc enter/exit datazx{fE> CTT—INARH(ICHE(CTRDIZE(CHost-Device
fEmnxZ= /3L LTl <

= managed memoryZ £ D> TWLWBRBEFIATS 3> =4

= WDEDTAZ I TT—HFEREMED TLBME. NVCOMPILER_ACC_NOTIFY
IRIBRZ R I3ZIBET DEDOMND

= https://docs.nvidia.com/hpc-sdk/compilers/openacc-gs/index.html#fortran-examples
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4. CUDAHD—RILODESR

» RE(CHRENBEIRE ST DHMEDS
» RE{LETEDINMRSTENRIRICEB D

s HEEFEMASTVRLS TERLRX (BENTWVD) HEFRIBRVD, SERICESHR
ZBDBETTEFH DTSR IRD
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AR CraltTUICAE

« )L—TDEE{L

= FE[EIHASLIE

= CUDAEMDEHE (Interoperability)
* YILFGPUSTEDETRE

* HFECHITDIEREREFHDARANA

> OpenACCZRWET O S ADHEA A= (I DO TEETULLDIMN?
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= W)L —TF (TJOXFvD - VI NI, GDEPVY U1 —>3>X) (CTTFEED
HPCEEED Y R— hE LU THEDFET,

= GPUHY—/\ https.//www.gdep-sol.co.jp/
= NVIDIA HPCO >/ \A S B 7/R— hF—E X https://hpcworld.jp/support/
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