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FHEED Xtk

Fortran Java C++
derived type class class
component field data member
type bound nethod v1rtu?l member
procedure function

parent type

super class

base class

extended type

sub class

extended class

module

package

namespace
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) BV A A NA

program malin
use :: ...
implicit none

type(parameterld) 11 X,y,t
type(FieldParameter2d),pointer :: cavity
type(FractionalStep) ,pointer :: fs_ cavity

I EHDESE

X = parameterld(...) HE B DB BY TR
y = parameterld(...) SRELRER

t = parameterld(...) —1_—

cavity => new_FieldParameter2d( x, y, t )
IBTEAEDEE

fs_cavity => new FractionalStep(cavity, 1d-9, 1.925d0 )

call fs_cavity%run() I~

4 , Poisson/ JL/\D &R
en program maln f;ikfé(j:iﬁ%%&t 7
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Fractional StepBID € #

type :: FractionalStep

type(FieldParameter2d),private,pointer ::

type(VectorField2d) ,private,pointer ::
type(ScalarField2d) ,private,pointer ::
type(VectorField2d) ,private,pointer ::
type(ScalarField2d) ,private,pointer ::
real(8),private :: err_tolerance

real(8),private :: SOR _accel

contains

procedure,public,pass ::
procedure,public,pass ::
procedure,public,pass ::
procedure,public,pass ::

end type FractionalStep

run

computePressure
computeVelocity

parameter
velo
pres
velo aux
dive

| RIERREDHBIRE
| SORFAINIER %K

computeAuxiliaryVelocity ! HfELEE

I [£ 73 (SOR)
| R E

4
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R7 MVE (wv) DES

type :: VectorField2d
type(FieldParameter2d),pointer :: parameter
real(8),public,pointer :: x(:,:) !xARKS
real(8),public,pointer :: y(:,:) !yARSD

contains
procedure,public,pass :: DirichletBoundary
procedure,public,pass :: NeumannBoundary
procedure,public,pass :: output

end type VectorField2d

4
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AA o7& (p) DERE

type :: ScalarField2d
type(FieldParameter2d),pointer :: parameter
real(8),public,pointer :: v(:,:) |RAS=EDIE

contains
procedure,public,pass :: DirichletBoundary
procedure,public,pass :: NeumannBoundary
procedure,public,pass :: output

end type ScalarField2d

4
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sl Ffiprocedure

subroutine run(this)
implicit none
class(FlactionalStep) :: this

integer :: n,Nt
Nt = this%parameter%t%getNumberOfPoints()

do n=1,Nt
print *,n,Nt
call this%computeAuxiliaryVelocity()
call this%computePressure()
call this%computeVelocity()
end do
call thiskoutput()

end subroutine run

4
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h R G R procedure

subroutine computeAuxiliaryVelocity(this)

implicit none
class(FlactionalStep) :: this

integer :: 1i,j,Nx,Ny
real(8) :: dx,dy,dt,dxdx,dydy

do j=1,Ny-1
do i=1,NXx
| PREERE DX A RRD e HE
end do
end do
| PELEREDY I RIS ZET R
call this%velo%DirichletBoundary()
|\ hEEEDOHEMEEE

end subroutine computeAuxiliaryVelocity

4
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- JiatHprocedure

subroutine computePressure(this)
implicit none
class(FlactionalStep) :: this
integer :: 1i,j,Nx,Ny
real(8) :: dx,dy,dt,dxdx,dydy,dp

do while(err > err_tolerance) !Red & Black SORTEAZULE

do j=1 ,Ny-1
do i=1+mod(j,2),Nx-1,2
dp = ...
end do
end do
call this%pres%NeumannBoundary()
end do

call this%pres%DirichletBoundary()
end subroutine computePressure

4
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M Biprocedure

subroutine computeVelocity(this)

implicit none
class(FlactionalStep) :: this

integer :: 1i,j,Nx,Ny
real(8) :: dx,dy,dt

do j=1,Ny-1
do i=1,Nx

| PEREDXARRDZELEL, EEZETE
end do
end do
|\ PEREDYy AR ZEBEL, REZFTE
call this%velo%DirichletBoundary()

end subroutine computeVelocity

4
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CUDA FortraniZ & AGPUE L




N7 MNVEEOGPURR

type :: VectorField2d
type(FieldParameter2d),pointer :: parameter
real(8),public,allocatable,device :: x(:,:) !xAMEAD
real(8),public,allocatable,device :: y(:,:) !'yARMKESD
IRERI N Tpointer,deviceldEE TEHLY

contains

IGPU kernel%type-bound procedureblL THDIEMTEALLN

I'procedure,public,pass :: DirichletBoundary
I'procedure,public,pass :: NeumannBoundary
procedure,public,pass :: output

end type VectorField2d

4
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GPUSEIZBED B il
» GPU kernel%type-bound procedure&l
THDOIEMNTELL
FTHMN A/ JLE[gE=AY) BIT TS

1= =
B 5

procedure,public,pass :: DirichletBoundary

| T &
attributes(global) subroutine DirichletBoundary
end subroutine DirichletBoundary

HFUHL
call this%velo%DirichletBoundary<<<Block, Thread>>>()
__TCIZ5—

4
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GPUSEIZBED B il
» GPU kernel%type-bound procedure&l
THDOIEMNTELL
FTHMN A/ JLE[gE=AY) BIT TS

=i

procedure,public,pass :: DirichletBoundary<<<Block, Thread>>>
Z__CIS5—

| &

attributes(global) subroutine DirichletBoundary
end subroutine DirichletBoundary

IFEUHEL
call this%velo%DirichletBoundary()

4
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2 S BROGPUEL

type :: ScalarField2d
type(FieldParameter2d),pointer :: parameter

real(8),public,allocatable,device :: v(:,:) ADT=EDIE

contains
I'procedure,public,pass :: DirichletBoundary
I'procedure,public,pass :: NeumannBoundary
procedure,public,pass :: output

end type ScalarField2d

4
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Fractional Stepf{dDGPUSE: (ZBHZL 1)

type :: FractionalStep

type(FieldParameter2d),private,pointer ::

type(VectorField2d) ,private,pointer ::
type(ScalarField2d) ,private,pointer ::
type(VectorField2d) ,private,pointer ::
type(ScalarField2d) ,private,pointer ::
real(8),private :: err_tolerance

real(8),private :: SOR _accel

contains

procedure,public,pass ::
procedure,public,pass ::
procedure,public,pass ::
procedure,public,pass ::

end type FractionalStep

run

computePressure
computeVelocity

parameter
velo
pres
velo aux
dive

| RIERREDHBIRE
| SORFAINIER %K

computeAuxiliaryVelocity ! HfELEE

I [£ 73 (SOR)

R

4
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sl frprocedure (BHIZL |)

subroutine run(this)
implicit none
class(FlactionalStep) :: this

integer :: n,Nt
Nt = this%parameter%t%getNumberOfPoints()

do n=1,Nt
print *,n,Nt
call this%computeAuxiliaryVelocity()
call this%computePressure()
call this%computeVelocity()
end do
call thiskoutput()

end subroutine run

4
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h R G R procedure

subroutine computeAuxiliaryVelocity(this)

use :: module kernel
implicit none
class(FlactionalStep) :: this

integer :: 1i,j,Nx,Ny
real(8) :: dx,dy,dt,dxdx,dydy

B ES 21— )L TEZLIZGPU kernelZMEUHL

| BX7FDGPU kernelZFiATIEE, Fortran77®Msubroutined it A AT HE

call gpuComputeAuxiliaryVelocity<<<Block,Thread>>> &
(this%velo%x,this%veloky, &
this%velo aux%x,this%velo auxy,..)

end subroutine computeAuxiliaryVelocity

4
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- JiatHprocedure

subroutine computePressure(this)
use :: module kernel
implicit none
class(FlactionalStep) :: this
logical :: isConverged = .false.

do while(.not.isConverged)
isConverged=gpuComputePressure(thiskpreskv,thisk%diveiv,..)

end do

end subroutine computePressure

4
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- JiatHprocedure

function gpuComputePressure(pres, div, ..) result(isConverged)

use :: cudafor

use :: moudle kernel

implicit none

real(8),device :: pres(:,:), div(:,:)
logical :: 1sConverged
logical,device :: conv

conv = .true.

call gpuComputePoissonR<<<Block, Thread>>>(pres,dive,..,conv)
call gpuComputePoissonB<<<Block, Thread>>>(pres,dive,..,conv)
stat = cudaThreadSynchronize()

isConverged = conv

end function gpuComputePressure

4
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- JiatHprocedure

attributes(global)subroutine gpuComputePoissonR(pres,div,..,conv)

implicit none

real(8),device :: pres(:,:), div(:,:)
logical,device :: conv
integer :: 1i,]j

j = (blockIdx%y-1)*blockDim%y + threadIdx¥%y
i = (blockIdx%x-1)*blockDim%x + threadIdx%x +1+mod(j,2)

dp = ...
if(abs(dp) > err_tolerance) conv = .false.
L/ ILLTURHIE

end function gpuComputePoissonR

4
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M Biprocedure

subroutine computeVelocity(this)
implicit none
class(FlactionalStep) :: this

integer :: 1i,j,Nx,Ny
real(8) :: dx,dy,dt

| BB 2—I)LTREZELIGPU kernelZMHUHL
| BEEDGPU kernelZ i TIEE, Fortran77®Msubroutined AT RE
call gpuComputeVelocity<<<Block, Thread>>>

(this%velo%x,this%veloky, thiskpressiv,..)

end subroutine computeVelocity

4
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AL y7ar7s5h (BEHEL )

program malin
use :: ...
implicit none

type(parameterld) 1l X,y,t
type(FieldParameter2d),pointer :: cavity
type(FractionalStep) ,pointer :: fs_ cavity

X = parameterld(...)
y = parameterld(...)
t = parameterld(...)
cavity => new_FieldParameter2d( x, y, t )

fs_cavity => new FractionalStep(cavity, 1d-9, 1.925d0 )
call fs_cavity%run()

end program main

4
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