
�$�"�%����
����
(���	�� ��
�	��$�%
����!#%�	��% )

2019/8/6 FDPS��� 1



:A>@9B< (1)
l�,5:A>@9B<

l�;?8</2'$	N���9B<6
4�*.��,5.
• ��,512cold collapse�&.
• ����2-1�/�� (=78@ 3#3/20().
• �%���2leap-frog�.
• =78@�� (�"2'�/�+)��)

2019/8/6 FDPS!�� 2

user_defined.F90
f_main.F90
Makefile

• $	N���9B<
• ����9B< (Smoothed Particle Hydrodynamics[SPH])
• $	N�/SPH9B<
• P3M9B<



5B=A4C; (2)
l>C6"�$-#.+

l>C6"'-#%*

2019/8/6 FDPS��� 3

• FDPS���#+�
3?7
• ������
• ������AC9B
• ����AC9B
• I/OAC9B

user_defined.F90

f_main.F90

• ��+Python73@=:0��&( Fortran 1B8C<2C70��

5B=A4C;��+Makefile), %/0�	)�!.



user_defined.F90

2019/8/6 FDPS(#� 4

module user_defined_types
use, intrinsic :: iso_c_binding
use fdps_vector
use fdps_super_particle
implicit none

!**** Full particle type
type, public, bind(c) :: full_particle !$fdps FP,EPI,EPJ,Force

!$fdps copyFromForce full_particle (pot,pot) (acc,acc)
!$fdps copyFromFP full_particle (id,id) (mass,mass) (eps,eps) (pos,pos) 
!$fdps clear id=keep, mass=keep, eps=keep, pos=keep, vel=keep
integer(kind=c_long_long) :: id
real(kind=c_double)  mass !$fdps charge
real(kind=c_double) :: eps
type(fdps_f64vec) :: pos !$fdps position
type(fdps_f64vec) :: vel !$fdps velocity
real(kind=c_double) :: pot
type(fdps_f64vec) :: acc

end type full_particle

/ C&'<?��+�>�%=TKUZX (Fortran 20034D��)/

0 0RHOX�<)!�5�"7F9TKUZX (FDPS4D��)
6FD@2!HWL<����.�?�">�%.

1

1!HWL?�"
Ø C&'<��+�?�%�4D2(i) bind(c)��2(ii) C&
'<���?3ENZM�?��25�%.

Ø FDPS� �G�:;2�*�CSYP��5�G$8�
�,4G��8E�%53E. A92VZJ�"�?-?
NZMIQZ?��C2NZMG	�
8E��B� 8E
�%53E.

n !HWL?�"



2019/8/6 FDPS3-� 5

!**** Interaction function (particle-particle)
subroutine calc_gravity_pp(ep_i,n_ip,ep_j,n_jp,f) bind(c)

integer(c_int), intent(in), value :: n_ip,n_jp
type(full_particle), dimension(n_ip), intent(in) :: ep_i
type(full_particle), dimension(n_jp), intent(in) :: ep_j
type(full_particle), dimension(n_ip), intent(inout) :: f
!* Local variables
integer(c_int) :: i,j
real(c_double) :: eps2,poti,r3_inv,r_inv
type(fdps_f64vec) :: xi,ai,rij

!* Compute force
do i=1,n_ip

eps2 = ep_i(i)%eps * ep_i(i)%eps
xi = ep_i(i)%pos
ai = 0.0d0
poti = 0.0d0
do j=1,n_jp

rij%x = xi%x - ep_j(j)%pos%x
rij%y = xi%y - ep_j(j)%pos%y
rij%z = xi%z - ep_j(j)%pos%z
r3_inv = rij%x*rij%x &

+ rij%y*rij%y &
+ rij%z*rij%z &
+ eps2

r_inv = 1.0d0/sqrt(r3_inv)
r3_inv = r_inv * r_inv
r_inv = r_inv * ep_j(j)%mass
r3_inv = r3_inv * r_inv
ai%x = ai%x - r3_inv * rij%x
ai%y = ai%y - r3_inv * rij%y
ai%z = ai%z - r3_inv * rij%z
poti = poti - r_inv

end do
f(i)%pot = f(i)%pot + poti
f(i)%acc = f(i)%acc + ai

end do

end subroutine calc_gravity_pp
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!**** Interaction function (particle-super particle)
subroutine calc_gravity_psp(ep_i,n_ip,ep_j,n_jp,f) bind(c)

integer(c_int), intent(in), value :: n_ip,n_jp
type(full_particle), dimension(n_ip), intent(in) :: ep_i
type(fdps_spj_monopole), dimension(n_jp), intent(in) :: ep_j
type(full_particle), dimension(n_ip), intent(inout) :: f
!* Local variables
integer(c_int) :: i,j
real(c_double) :: eps2,poti,r3_inv,r_inv
type(fdps_f64vec) :: xi,ai,rij

do i=1,n_ip
eps2 = ep_i(i)%eps * ep_i(i)%eps
xi = ep_i(i)%pos
ai = 0.0d0
poti = 0.0d0
do j=1,n_jp

rij%x = xi%x - ep_j(j)%pos%x
rij%y = xi%y - ep_j(j)%pos%y
rij%z = xi%z - ep_j(j)%pos%z
r3_inv = rij%x*rij%x &

+ rij%y*rij%y &
+ rij%z*rij%z &
+ eps2

r_inv = 1.0d0/sqrt(r3_inv)
r3_inv = r_inv * r_inv
r_inv = r_inv * ep_j(j)%mass
r3_inv = r3_inv * r_inv
ai%x = ai%x - r3_inv * rij%x
ai%y = ai%y - r3_inv * rij%y
ai%z = ai%z - r3_inv * rij%z
poti = poti - r_inv

end do
f(i)%pot = f(i)%pot + poti
f(i)%acc = f(i)%acc + ai

end do

end subroutine calc_gravity_psp

end module user_defined_types
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!-----------------------------------------------------------------------
!/////////////////////// < M A I N  R O U T I N E > ////////////////////
!-----------------------------------------------------------------------
subroutine f_main()

use fdps_module
use user_defined_types
implicit none
!* Local parameters
integer, parameter :: ntot=2**10
!-(force parameters)
real, parameter :: theta = 0.5
integer, parameter :: n_leaf_limit = 8
integer, parameter :: n_group_limit = 64
!-(domain decomposition)
real, parameter :: coef_ema=0.3
!-(timing parameters)
double precision, parameter :: time_end = 10.0d0
double precision, parameter :: dt = 1.0d0/128.0d0
double precision, parameter :: dt_diag = 1.0d0/8.0d0
double precision, parameter :: dt_snap = 1.0d0
!* Local variables
type(fdps_controller) :: fdps_ctrl
type(c_funptr) :: pfunc_ep_ep,pfunc_ep_sp
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!* Initialize FDPS
call fdps_ctrl%PS_Initialize()

!* Create domain info object
call fdps_ctrl%create_dinfo(dinfo_num)
call fdps_ctrl%init_dinfo(dinfo_num,coef_ema)

!* Create particle system object
call fdps_ctrl%create_psys(psys_num,'full_particle')
call fdps_ctrl%init_psys(psys_num)

!* Create tree object
call fdps_ctrl%create_tree(tree_num, &

"Long,full_particle,full_particle,full_particle,Monopole")
call fdps_ctrl%init_tree(tree_num,ntot,theta, &

n_leaf_limit,n_group_limit)

!* Make an initial condition
call setup_IC(fdps_ctrl,psys_num,ntot)

!* Domain decomposition and exchange particle
call fdps_ctrl%decompose_domain_all(dinfo_num,psys_num)
call fdps_ctrl%exchange_particle(psys_num,dinfo_num)

!* Compute force at the initial time
pfunc_ep_ep = c_funloc(calc_gravity_pp)
pfunc_ep_sp = c_funloc(calc_gravity_psp)
call fdps_ctrl%calc_force_all_and_write_back(tree_num,    &

pfunc_ep_ep, &
pfunc_ep_sp, &
psys_num,    &
dinfo_num)

" " FDPS0���
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!* Compute energies at the initial time
clear = .true.
call calc_energy(fdps_ctrl,psys_num,etot0,ekin0,epot0,clear)

!* Time integration
time_diag = 0.0d0
time_snap = 0.0d0
time_sys = 0.0d0
num_loop = 0
do

!* Output
!if (fdps_ctrl%get_rank() == 0) then
!   write(*,50)num_loop,time_sys
!   50 format('(num_loop, time_sys) = ',i5,1x,1es25.16e3)
!end if
if ( (time_sys >= time_snap) .or. &

(((time_sys + dt) - time_snap) > (time_snap - time_sys)) ) then
call output(fdps_ctrl,psys_num)
time_snap = time_snap + dt_snap

end if

!* Compute energies and output the results
clear = .true.
call calc_energy(fdps_ctrl,psys_num,etot1,ekin1,epot1,clear)
if (fdps_ctrl%get_rank() == 0) then

if ( (time_sys >= time_diag) .or. &
(((time_sys + dt) - time_diag) > (time_diag - time_sys)) ) then

write(*,100)time_sys,(etot1-etot0)/etot0
100 format("time: ",1es20.10e3,", energy error: ",1es20.10e3)
time_diag = time_diag + dt_diag

end if
end if
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!* Leapfrog: Kick-Drift
call kick(fdps_ctrl,psys_num,0.5d0*dt)
time_sys = time_sys + dt
call drift(fdps_ctrl,psys_num,dt)

!* Domain decomposition & exchange particle
if (mod(num_loop,4) == 0) then

call fdps_ctrl%decompose_domain_all(dinfo_num,psys_num)
end if
call fdps_ctrl%exchange_particle(psys_num,dinfo_num)

!* Force calculation
pfunc_ep_ep = c_funloc(calc_gravity_pp)
pfunc_ep_sp = c_funloc(calc_gravity_psp)
call fdps_ctrl%calc_force_all_and_write_back(tree_num,    &

pfunc_ep_ep, &
pfunc_ep_sp, &
psys_num,    &
dinfo_num)

!* Leapfrog: Kick
call kick(fdps_ctrl,psys_num,0.5d0*dt)

!* Update num_loop
num_loop = num_loop + 1

!* Termination
if (time_sys >= time_end) then

exit
end if

end do

!* Finalize FDPS
call fdps_ctrl%PS_Finalize()

end subroutine f_main

�
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type, public, bind(c) :: type_name !$fdps keyword
end type [type_name]

n �	

�#1

!$fdps keyword
type, public, bind(c) :: type_name
end type [type_name]

n ��

��9=8� type_name % keyword ,��'4+;=7���,"3&-5FDPS/$3!
��.6=<=:1FP, EPI, EPJ, Force,"2 )4*4 FullParticle�, EssentialParticleI�, 
EssentialParticleJ�, Force�/�
(3!��1���doc_spec_ftn_ja.pdf 0�5.1.1.2.2�
5��!
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n ��

type, public, bind(c) :: type_name
data_type :: mbr_name !$fdps keyword

end type [type_name]

�8H

type, public, bind(c) :: type_name
!$fdps keyword
data_type :: mbr_name

end type [type_name]

n �+
� OUN	 type_nameGRTQ
�mbr_name: keywordC��<KA�3��1C
7J;DLFDPSF�9J6�+EMUSUPH5charge, posi8on, velocity, rsearchC7I5?K@K5
&�G2,(/1), �), 0�, �'��("��!��)F�=B8J6-(H���G$
5.1.1.2.2%L��G;D6
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p FullParticle�

type, public, bind(c) :: FP
!$fdps copyFromForce force (src_mbr,dst_mbr) (src_mbr,dst_mbr) ...

end type FP

n ��

n  /
&��%1)�@ Force�@��<E"$JPI� force9D5FullPar6cle� FP @JPI(&��%1)
A,�)FGLP<E�!F��<E6src_mbr:Force�AMOK��=5dst_mbr:FullPar6cle�AM
OK��=7E62+B���A(5.1.2.1*F�#A;>6
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p EssentialParticleI, EssentialParticleJ
n ��

type, public, bind(c) :: EPI
!$fdps copyFromFP fp (src_mbr,dst_mbr) (src_mbr,dst_mbr) ...

end type EPI

n �*
FullPar;cle fp4DEssen;alPar;cle?(?=I, J)@LWKGIPW:E��G��:E1src_mbrB
FullPar;cleASVO��=0dst_mbr5Essen;alPar;cle?(?=I,J)ASVO��=2E1-&B0�
��A#5.1.3.1%G
�A7>1

p Force

n ��

Force@��A�/�"�B+�A��GJRWM9<3E5077=BJVQTIWN=� 8F<3ECAG'�:
E1

type, public, bind(c) :: Force
!$fdps clear [mbr=val, mbr=keep, ...]

end type Force

n �*
!�� A,$(�G��	:E��
G�":E1SVO��mbrA�G val
@��	:E1C9SVO��A�G��
9;6?3��@BHWUWN keep G��
:E1-&B���A#5.1.5.1%G
�
A7>1


