S

\



CUDA Fortran

e CUDA: £/ GPU FEH-RFESLINES eIt EMITE ES
- HE{E: X CUDA #J GPU
- #%{4%: PGI i CUDA Fortran f7i%3%

e CUDA Fortran VS CUDA C
- 5 CUDA C 2481, CUDA Fortran th% E #lik X A3FNIEF i ETD
- CUDA Fortran #5537 CPU L3117
- CUDA Fortran 18 im S8 GPU EH1T
- 5 CUDA C #8Lt, CUDA Fortran /2 CPU & GPU 2 [EJAFEEENEER
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CUDA Fortran 4R%&8

. B

- CPU 71 GPU 2R ML MRS, A& BMMIERNEFZE(E], AN H

- 7£ CPU LHITHIRKAD, BIEHimAAD
« CPU 5 GPU Z BN FEHE
o 257 GPU LHITHIEEHE (Kernel)

- £ GPU LH1THIRAD, BENREIHATE
« GPU £, K FEAXEMLE, ERIREMMITE
o GPU Kernel I ITIEX A Z L H1T. Bl Kernel £ CPU IHEohfE, T EF

Kernel H14T5E K, #Z§l3BlRE CPU

- F45 ¥ GPU 1 CPU HIRIR




CUDA Fortran 428

e Host (F4#l)=CPU FIERIRNTF
e Device (1%%%)= GPU FIEMNTF

e CUDA Fortran = #1758

- 43I# CPU #1 GPU tHiERN7F, iE CPU
g AR IR EE, M CPU imiE Il E| GPU
U

- M CPU /27 GPU imH1THY kernel,
SERFITIHHE

- [FiELZ5EM GPU #U[E CPU i, &xfa
ISR RANEZEE




F90 Array Increment 5+

module simpleOps m program incTest
contains use simpleOps m
subroutine inc(a, b) implicit none
implicit none integer :: b, n = 256
integer :: a(:) integer, allocatable:: a(:)
integer :: b
integer :: i, n allocate (a(n))
a=1 ! array assignment
n = size(a) b=3
doi=1, n call inc(a, b)
a(i) = a(i)+b
enddo if (all(a == 4)) &

write(*,*) 'Test Passed'
end subroutine inc
end module simpleOps m deallocate (a)
end program incTest




F90 Array Increment 5+

module simpleOps m program incTest
contains use simpleOps m
subroutine inc(a, b) implicit none
implicit none integer :: b, n = 256
integer :: a(:) integer, allocatable:: a(:)
integer :: b
integer :: i, n allocate (a(n))
a=1 ! array assignment
n = size(a) b=3
doi=1, n call inc(a, b)
a(i) = a(i)+b
enddo if (all(a == 4)) &

write(*,*) 'Test Passed'
end subroutine inc
end module simpleOps m deallocate (a)
end program incTest




F90 Array Increment 5+

module simpleOps m program incTest
contains use simpleOps m
subroutine inc(a, b) implicit none
implicit none integer :: b, n = 256
integer :: a(:) integer, allocatable:: a(:)
integer :: b
integer :: i, n allocate (a(n))
a=1 ! array assignment
n = size(a) b=3
doi=1, n call inc(a, b)
a(i) = a(i)+b
enddo if (all(a == 4)) &

write(*,*) 'Test Passed'
end subroutine inc
end module simpleOps m deallocate (a)
end program incTest




CU DA Fortran - F#Hlig{tH5

program incTest

use simpleOps m

implicit none

integer :: b, n = 256
integer, allocatable:: a(:)

allocate (a(n))
=1 ! array assignment

call inc(a, b)

if (all(a == 4)) &
write(*,*) 'Test Passed'
deallocate (a)

end program incTest

CUDA Fortran

program incTest
use cudafor
use simpleOps m
implicit none
integer :: b, n = 256

integer, allocatable :: a(:)
integer, allocatable, device

allocate (a(n),a _d(n))
1
3

p Do
(O T I |

= a
1l inc<<<1l,n>>>(a_d, b)
a d

Cc
a

nrH

if (all(a == 4)) &

write(*,*) 'Test Passed'

deallocate (a,a_d)

end program incTest

a d(:)



CUDA Fortran - EHliH4CH3

CUDA Fortran

program incTest
use cudafor cudafor X T CUDA runtime API
use simpleOps m
implicit none
integer :: b, n = 256
integer, allocatable :: a(:)
integer, allocatable, device :: a d(:)

allocate (a(n),a _d(n))

1
3

V]
Q.
!
)

call inc<<<1l,n>>>(a_d, b)
a=ad

if (all(a == 4)) &
write(*,*) 'Test Passed'
deallocate (a,a d)

end program incTest




CUDA Fortran - EHliH4CH3

CUDA Fortran

program incTest
use cudafor
use simpleOps m
implicit none

int :: b, = 256 . = N Lo

iﬁt:g:§, allothable :oal(:) device {BIMRIZT S : FEIRE IR BN

integer, allocatable, device :: a d(:) TEEARET host, 11 a, £ EHiFH
[ pea

allocate (a(n),a _d(n))

a=1

b=3

ad=a

call inc<<<1l,n>>>(a_d, b)
a=ad

if (all(a == 4)) &
write(*,*) 'Test Passed'
deallocate (a,a d)

end program incTest




CUDA Fortran - EHliH4CH3

CUDA Fortran

program incTest
use cudafor
use simpleOps m
implicit none
integer :: b, n = 256

integer, allocatable :: a(:)

integer, allocatable, device :: a d(:)

allocate (a(n),a d(n)) allocate £ 72 A7 E N IHFIRFIH /I a
a=1 a_d RSN

b=3

ad=a

call inc<<<1l,n>>>(a_d, b)
a=ad

if (all(a == 4)) &
write(*,*) 'Test Passed'
deallocate (a,a d)

end program incTest




CUDA Fortran - EHliH4CH3

CUDA Fortran

program incTest
use cudafor
use simpleOps m
implicit none
integer :: b, n = 256
integer, allocatable :: a(:)
integer, allocatable, device :: a d(:)

allocate (a(n),a _d(n))

a=1

b=3

ad=a a_d = a IR{E1BA], STR T #iEM CPU F|
call inc<<<1l,n>>>(a d, b) GPU g9# 1

a=ad

if (all(a == 4)) &
write(*,*) 'Test Passed'
deallocate (a,a d)

end program incTest




CUDA Fortran - EHliH4CH3

CUDA Fortran

program incTest
use cudafor
use simpleOps m
implicit none
integer :: b, n = 256
integer, allocatable :: a(:)
integer, allocatable, device :: a d(:)

allocate (a(n),a _d(n))

a=1
b - 3 i —1 Ll
call inc<<<1, n>>>: E X HiIFERF iR
Z_§1=izc<<<1 n>>>(a d, b) kernel.
2= ad ’ = AR, AT kernel RREHUT, AT
- kernel BafifE, #EHI3ENR B3 Hlin
if (all(a == 4)) & <<<1, n>>>: [ EBIFEMAMNE

write(*,*) 'Test Passed'
deallocate (a,a d)

end program incTest




CUDA Fortran - EHliH4CH3

CUDA Fortran

program incTest
use cudafor
use simpleOps m
implicit none
integer :: b, n = 256
integer, allocatable :: a(:)
integer, allocatable, device :: a d(:)

allocate (a(n),a _d(n))

a=1

b=3

ad=a

call inc<<<1,n>>>(a_d, b) a= a_d MWEET, 1TELZEEM GPU 1
a=ad Z CPU

if (all(a == 4)) &
write(*,*) 'Test Passed'
deallocate (a,a d)

end program incTest




CUDA Fortran - EHliH4CH3

CUDA Fortran

program incTest
use cudafor
use simpleOps m
implicit none
integer :: b, n = 256
integer, allocatable :: a(:)
integer, allocatable, device :: a d(:)

allocate (a(n),a _d(n))

V]
Q.
!
)

call inc<<<1l,n>>>(a_d, b)
a=ad

if (all(a == 4)) &
write(*,*) 'Test Passed'

deallocate (a,a_d) R CPU #1 GPU NTF

end program incTest




CUDA Fortran - i85 iH¢E5

F90 CUDA Fortran
module simpleOps m module simpleOps m
contains contains
subroutine inc(a, b) attributes (global) subroutine inc(a, b)
implicit none implicit none
integer :: a(:) integer :: a(:)
integer :: b integer, value :: b
integer :: i, n integer :: 1
n = size(a) i = threadIdx%$x
do i =1, n a(i) = a(i)+b
a(i) = a(i)+b
enddo
end subroutine inc end subroutine inc

end module simpleOps m end module simpleOps m




CUDA Fortran - 185455

CUDA Fortran

module simpleOps m
contains

attributes (global) subroutine inc(a, b)

implicit none

integer :: a(:)
integer, value :: b
integer :: i

i = threadIdx%x
a(i) = a(i)+b

end subroutine inc
end module simpleOps m

global XEFIEIMAIBREL inc:
IZEN#TE CPU BB, & GPU LT
BEETTA kernel. Kernel 117
RNETER

HEMERBIEHTE
device: EIRFIMER, TIRF LT
host : ZEFHimiEaN, FEEHN LT



ST 4T CUDA Fortran 12F

o {5/ pgi #J fortran Zmi¥zs : pgf90/pgfortran
e CUDA Fortran ¥2FRIE5% .cuf

S pgf90 increment.cuf
S ./a.out
Program Passed

S




<<<X1, X2>>> (eg. <<<1, n>>>)

e AT kernel ;sZITHIFHITECE

call inc<<<1l,n>>>(a _d,b)

- <<<1, n>>>: KB T11 228 block, &4 block & n 1472 thread
- SRENEEIENES SR RANEIE AZIE ID threadldx%x #RiC, M 1 FF
IRiRE
i = threadIdx%x

a(i) = a(i)+b

thread 1 thread 2 thread 3 thread 4




<<<X1, X2>>>

e AT kernel ;sZITHIFHITECE

call inc<<<n, 1>>>(a_d,Db)

- <<<1,n>>>: KET n 1 %525k block, &1 block & 1 1%#2 thread
- AT BZIERIIEEF A Grid;
- Grid AT RIZIZRAZTEER ID blockldx%x #Ric, M 1 FFIRiRES

i = blockIdx%x

a(i) = a(i)+b

block 1 block 2 block 3 block 4




SF27E GPU LR fTiEsy

Software

Thread

M

Thread
Block

Grid

Hardware

Thread
Processor

Multiprocessor

RF27E CUDA iTERID LT

ZF2IR block £ SM E#HAT

—{ERT, LERNITERED, TEEFRER
SM |a]BkEE

£ I R RILLIEER AT LIZE R — 4~ SM 47, B
KRR ESM ZEXT—HIX R

7 CPU B35 kernel, £1E18%i% E5—
Grid.
ESC E, Grid ¥ Block & GPU L& AR
A5



#F21R Block 1 #}4& Grid

o Z&F2H1 Block
RIERBRIEME S, KB A RIZFEAZIE ID threadldx X 43
[El— block R Zae T EHILLIZH A RS (Kepler, 1024)

NELT = threadldx 22 E =1 HRMEH{K, Bl #F 1D, 2D 71 3D BIZFE
i?%EE% LA BELIE ST ESrIB ST

—NELRIRRA, FRIMNZIZE T LLEILE X ERRE (shared) £ZE#E
—NRFRRA, FTEZIE Al LUBIT syncthreads() SCINZFE R 25




ZF21R Block F1 Hi#& Grid

o & Grid
- Grid B2&%ERME S ; Grid WA RZIER Z [B]AZFELR ID blockldx X4
- Grid RZEEBESMZLIER B AR, BURTFEAM GPU 1EH

- WETE blockldx th 2B & =1 ERIIEHIIR, B1X#F 1D, 2D #1 3D HIZLEE
RELE, YA ELRE S ESHIL S

- A [EH block 28], FREBIEZANEFEEZHIE. RAE(ITREETREL SM
EHRAT

- A [E block HIZLFE, T EERD

- 1EEZHT block 438 Z BB XIS, B% HAIEKIT kernel B, REE
block FFRLLEIK (<<<1, n>>>, MIE <<<n, 1>>>), ABHEHIRIT Grid #JK

A




N FEEX, EHimAHS

program incrementTest
use cudafor
use simpleOps m

integer, parameter :: n = 1024*1024
integer, allocatable :: a(:)
integer, device, allocatable :: a d(:)

integer :: b, tPB = 256

allocate(a(n), a d(n))

a=1; b=3

ad=a

call increment<<<ceiling(real(n)/tPB),tPB>>>(a_d, b)
a=ad

if (any(a /= 4)) then
write(* ,*) '**** Program Failed ***x!'
else
write(*,*) 'Program Passed'
endif
deallocate(a, a _d)
end program incrementTest




SITEER. BITMEERE ST EENRLE

o ZISLATRIRESIX R

- <<<1, n>>>: threadldx
- <<<n, 1>>>: blockldx
- <<<nG, nB>>>egnG=4,nB =8

threadIdx%x threadIdx%x threadIdx%$x threadIdx%$x

1(2|3|4|5/6|7|8(1|2|3|4|5|6|/7|8|1]|2|3|4|5/6|/7]8|1(2|3|4|5|/6|7|8

N N N PN Y,
Y Y Y Y
blocklIdx.x |= 1 blocklIdx.x = 2 blorkldx|.x |= B blockIdx.x = 4

index = threadldx%x + (blockIdx%xk-1)| *| 8

=
=
=
=
=
=
=
=
=
=
N
N
N
N
N
N
N
N
N
N
w
w
N W




SITEER. BITMEERE ST EENRLE

o ZISLATRIRESIX R

p

[EY
[
[
[E
BN
[E
(BN
(SN
[EY
[N
N
N
N

w N

AN

N

(@)

N

N

\‘

N

0o

N

©

w

o

w

=

N W
-

< blockDim%x >
A
4 A

1

2

3/4/5|/6|7|8[1|2(3|4|5|6|7|8|1|2|3|4) |6

8

1

J

Y
blockIdx.x

3

index = threadIdx%x + (blockIdx%x-1) * 8;
5 + 2 * 8;

21;



SITEEIR,. BTEERA ZIMERENRLE

o ZISLATRIRESIX R

- BRZFELRID blockldx%x #1 2532 ID threadldx%x 4V, A A I FR LAV LEFE
{€ & blockDim%x i X 22 5 AL B #iRE Z [BAIRT M X F

index = threadIdx%x + (blockIdx%x-1) * blockDim%x

- HRERMEEER blockdin HRE=AHRMAETE, BINNEEIRE
MEERIR /D




N EREX, &5 im 5

module simpleOps m
contains
attributes (global) subroutine increment(a, b)
implicit none

integer, intent(inout) :: a(:)
integer, value :: b
integer :: i, n

i = blockDim%x* (blockIdx%x-1l) + threadIdx%$x
n = size(a)
if (1 <= n) a(i) = a(i)+b

end subroutine increment
end module simpleOps m




Kernel Loop Directives

o XJEHIRTEIAMLAE BN & RLTE GPU #L T# kernel

o JIE, AIXMAKXER kernel, EHIHEIRFRMAENRIEIRE
*“HW\EE

program incTest
use cudafor
implicit none

integer, parameter :: n = 256
integer :: a(n), b
integer, device :: a_d(n)

a=1;, b=3;, ad-=a

!Scuf kernel do <<<*, *>>>
doi=1, n
a d(i) = a d(i)+b

enddo
a=ad
if (all(a == 4)) write(*,*) 'Test Passed'

end program incTest



Kernel Loop Directives (CUF Kernels)

o X T Z2EHH
1Scuf kernel do(2) << *,* >>>
do j =1, ny
do i =1, nx
a d(i,j) = b_d(i,3) + c_d(i,])
enddo
enddo

o {5 F{TEIE, BN block #1 Grid

1Scuf kernel do(2) <<<(*,*), (32,4)>>>




CUDA Fortran ggi3ikln

e PGl’ s Fortran Zgi¥zas
- CUDA Fortran EXAXHEESR .cuf 5t .CUF
— -Mcuda=cc35 {EFIREEM
— -Mcuda=cuda5.5 {57 CUDA kA=, Bl{E AR kA #J CUDA
- -Mcuda=fastmath {FRREHFEBIRA (__sinf())
— -Mcuda=maxregcount:<n> EEE T HIZFEANRKEELNE
- -Mcuda=ptxinfo }TFIE1 kernel HINFERIE R

e pgf90 -Mcuda -help BE E ZImiFEkn




GPU/CPU RI%

e cudaDeviceSynchronize ()
- [AZE CPU, EZ| GPU L AYiE{EEERSERL

e cudaMemcpy/ (a d = a)
- PAE#ZENERK, [BHE CPU, BERIRFENEK

« cudaMemcpyAsync
- JFFEERN., BIESENGE, #EHRELZS CPU. 4517 E Hlin LD

- ATHRIPEIENZR £, £ CPU Imipn)#E N pEHERT, FEZM CPU/GPU Z[B)F]
4




CUDA Fortran 24 (—)

EHANRES

- ¥ #Hl: CPU FIEMINTE;
- 8% :GPU F1EMINTE
- S#i+E: CPU + GPU

e global, device, host

- global F#HlimERA, KREFIHHIT; global EHEIZETE module FENX
- device &iHEH, BIEHETE

- BN ZRIWER, 1gFImHAT

- BirTE: TEAERFLENSERE

- host EAHLIHVER, EHIHHIT; WEEIAITH



CUDA Fortran B4 (=)

o CUDA IRiERI =N T
- RBIHHBIENTE, FEHEMENAFEZENIIRENE
- AR kernel, EEIKFIHNFRITE
- FHTEERMEBARFEENRENRNE, HFERARF

® %EE"]WJ%QE?A@%W
- R RIEMNE S, Grid 2&IEHRMES

- R—1EIERA, THE’J@ZEIEU_IMJ_T L= N7E (shared) HEHIE; &Eid
syncthreads() SLINZLFE RS

- TRMLIERZE, FHEARMSIISIELE; ZREATERS




CUDA Fortran B&: (=)

o CUDA Fortran NEZT=
threadldx : ZF2 ID

- blockldx : ZLIESRID
- blockDim : blockB94ERE
- gridDim . grid B4R

o CUDA 1 1THEHY
- Kernel #i2 1T
- REENSANEEER
- FEAEMEEEXZENAFL, T imEISEREUER, EZM CPU/GPU RF




