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PS::F64vec vl = PS::F64vec( 1.0, 2.5, -3.0);
PS::F64vec v2 = PS::F64vec(-2.0, -1.5, 2.0);

PS::F64vec v add = vl + v2;
PS::F64vec v sub = vl - v2;
PS::F64 inner = vl * v2;
PS::F64vec outer = vl ™ v2;

std::cout << v _add.x << std::endl;
std::cout << v_sub << std::endl;
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- Mass
- position(x, y, z)
- velocity(x, vy, z)
- acceleration(x, vy, z)
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double mass[Nbody];

double position[Nbody][3];
double velocity[Nbody][3];
double acceleration[Nbody][3];
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class FPGrav{

double mass;

double position[3];
double velocity[3];
double acceleration[3];

}body[Nbody ] ;
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class FPGrav{
PS::F64 mass;
PS::F64vec position;
PS::F64vec velocity;

PS: :F64vec acceleration;
}body[Nbody ] ;
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void doSomething(double mass|],
double position[][3],
double velocity[][3],
double acceleration[][3]){

}

void doSomething(FPGrav particle[]){

}
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class FPGrav{

PS:
PS:
PS:
PS:
PS:

}

:F64

:F64vec
:F64vec
:F64vec
:F64vec

return

}body[Nbody ] ;

PS::F64vec position = body[0].getPos();

mass;
position;
velocity;

acceleration;

getPos(){
position;
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PS::ParticleSystem<FPGrav> system grav;

PS::TreeForForceLong<FPGrav, FPGrav, FPGrav> Monopole tree grav;

class FPGrav{
PS::F64 mass;
PS::F64vec position;
PS::F64vec velocity;
PS: :F64vec acceleration;
PS::F64vec getPos(){
return position;
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template <class Tparticlel>
void CalcGravity(const FPGrav * ep i,
const PS::S32 n_1ip,
const TParitcleld * ep 7j,
const PS::S32 n_jp,
FPGrav * force){
for(PS::S32 1 =0 ; 1 < n_ip ; 1 ++){
PS::F64vec xi = ep i[i].getPos();
for(PS::S32 j =0 ; j < n_jp ; J ++){
PS::F64vec rij = x i - ep j[j].getPos();
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forintf(fp, "%11d\n", n body);

}
}s
class FPGrav{
public:
PS::S64 1d; *ﬁ?gaz

PS::F64 mass; |
PS::F64vec pos; B
PS::F64vec vel;
PS::F64vec acc;

PS::F64 pot;

static PS::F64 eps;
PS::F64vec getPos() const {

return pos,;

il

}
PS::F64 getCharge() const {

return mass;
}
void copyFromFP(const FPGrav & fp){
mass = fp.mass;
pos = fp.pos;
}
void copyFromForce(const FPGrav & force) {
acc = force.acc;

nAdFE — LAnrncAa At .
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: :F64vec getPos() const {
return pos;

: :F64 getCharge() const {
return mass;
. \ \\_ *
void copyFromFP(const FPGrav & fp){ == XY )\ —E3EL
mass = fp.mass;
pos = fp.pos;
}
void copyFromForce(const FPGrav & force) {
acc = force.acc;
pot = force.pot;
}
void clear() {
0.
0

[/ f=================================\\
| | [l || ceeeeee voeeee,

| 3 BRI N o
0id Writehecll P cons ii||“||i?i?'i REEEEE :“1W|
fpr*lntf(fp, "%lld\t%g\t%g\t%g\t%g\t%g\t%g\t%g\n " y | .F.r‘amé\;\lc.);‘l.<.1co.r‘. Deveic;é).lﬁ;g. N || | |
this->id, this->mass, & ;Czi::l:i:ii:m:‘fij::=============|=|//\

this->pos.x, thls >pos.Yy, thls >pos.z,
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J

dCC =

0.0
pot = 0.0;

J

void writeAscii(FILE* fp) const {
fprintf(fp, "%11d\t%g\t%g\t%g\thg\t%g\t%g\t%g\n",
this->1d, this->mass,
this->pos.x, this-»>pos.y, this->pos.z,
this->vel.x, this->vel.y, this->vel.z);

}
void readAscii(FILE* fp) {

fscanf(fp, "%11d\tXBl1f\t%1F\telF\t%Blf\t%lF\t%lf\t%1f\n",
&this->id, &this->mass,
&this->pos.x, &this->pos.y, &this->pos.z,
&this->vel.x, &this->vel.y, &this->vel.z);

#ifdef ENABLE_PHANTOM GRAPE_X86 SR SRR

template <class TParticlel>

void CalcGravity(const FPGrav * iptcl, S
const PS::S32 ni,
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| Phantom GRAPE& D
#ifdef ENABLE_PHANTOM GRAPE X86 ;

template <class TParticlel>
void CalcGravity(const FPGrav * iptcl,
const PS::S32 ni,
const TParticlel * jptcl,
const PS::S32 nj,
FPGrav * force) {
const PS::S32 nipipe = ni;
const PS::S32 njpipe = nj;
PS::F64 (*xi)[3] = (PS::F64 (*)[3])malloc(sizeof(PS::F64) * nipipe * PS::DIMENSION);
PS::F64 (*ai)[3] = (PS::F64 (*)[3])malloc(sizeof(PS::F64) * nipipe * PS::DIMENSION);
PS::F64 *pi = (PS::F64 * Ymalloc(sizeof(PS::F64) * nipipe);
PS::F64 (*xj)[3] = (PS::F64 (*)[3])malloc(sizeof(PS::F64) *, nijpipe-*-PS:-:
PS::F64 *mj = (PS::F64 * Ymalloc(sizeof(PS::F64) *'hjpipe); |= |”‘”“ff”f'
fOP(PS :S32 1 = 0; 1 < n1, 1++) { = |1 ]] seeeee o :}m;&"?m;u

Xl[l- @] = 1ptC1 1] gEtPOS() @]’ H : :F:r‘am;v:\lc:);‘I:(:w;o:r‘: Deveico)é).lh;guuloll |||
Xl[l: 1] - lptCl_l] gEtPOS() 1], Particle Simulator | |
xi[i][2] = iptcl[i].getPos()[2]; L
ailillIol = 6.0
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force[i].acc[O] += ai[i1][0];
force[i].acc[1l] += ai[i][1];
force[i].acc[2] += ai[i][2];
force[i].pot -= pi[i];

¥

free(xi);
free(ai);

free(pi);
free(xj);
free(mj);
}
Helse

template <class TParticlel>
void CalcGravity(const FPGrav * ep i,
const PS::S32 n_1ip, [[======s=sss=ssss=ssssssssssssssssss\\
const TParticleJl * ep_j: S S S S | A S
const PS::S32 n_jp, = JJlln:mi:: in:m:"m:?.
FPGrav * ‘FOF‘CE) { | | Framework for Developing | |
PS::F64 eps2 = FPGrav::eps * FPGrav::eps; Particle Simulaton ||
for(PS::S32 1 = 0; 1 < n ip; i++){

DCe e EGANvIA v — oon AT agao+DAcC/ )N -
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remplate cclass Tearticie) L
v" C = -V Y \ -‘ C *
const PS::S32 n_1ip,
const TParticlel * ep 7j,
const PS::S32 n_jp,
FPGrav * force) {
PS::F64 eps2 = FPGrav::eps * FPGrav::eps;
for(PS::S32 1 =0; 1 < n_ip;
PS::F64vec xi = ep 1[1])(‘//(‘&‘?;'?&0?()‘\&',[/
PS::F64vec al = 0.0;
PS::F64 potl = 0.0;
for(PS::S32 § = 0; j < n_jp; j++){
PS::F64vec rij = Xxi - ep _j[j].getPos();
PS::F64 r3_ inv = rij * rij + eps2;
PS: :F64 r inv = 1.0/sqrt(r3 inv);
r3_inv = r_inv * r_inv;

. v N
r_inv *= ep j[j].getCharge(); i NIRRT
r3_inv *= r_inv; SRR .
ai -= r3_1nv * rij; IR R R R R A S T "
poti o m e | | Framework for Developing || |]

\ — ) Particle Simulator [\

\:=================================//

force[i].acc += ai;



PS::F64 potl = 0.0;

TOP(FS::522 j = 25 j < n_jo; d4+){
PS::F64vec rij = xi - ep j[j].getPos();
PS::F64 r3_inv = rij * rij + eps2;
PS: :F64 r inv = 1.0/sqrt(r3 inv);
r3_inv = r_inv * r_inv;

r inv *= ep j[j].getCharge();
r3 _inv *= r_1inv;

al -= r3_1nv * rij;

potil -= r_inv;

}

force[i].acc += ai;

force[i].pot += poti;

}

Hendif
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#include<iostream>
#include<fstream>
#include<unistd.h>
#include«esy :
#includeg ]
#ifdef BN ,
#include <gp5ut11 h>
#endif

#ifdef ENABLE_GPU_CUDA
#define MULTI WALK
#include"force gpu cuda.hpp”
#tendif

#include ‘“user-defined.hpp”

FDPSDNA\ W5 —EEHIAH

void makeColdUniformSphere(const PS::F64 mass glb,
const PS::S64 n_glb,
const PS::S64 n _loc,
PS::F64 *& mass,
PS::F64vec *& pos, . S \
PS: :F64vec *& vel, | | HE a8 R8a8s SE8298.
const PS::F64 eng = -0.25, HHEHH S R R Pt
const PS::532 seed = 0) { o JJll::::u SRR SRR
assert(eng < 0.0); || Framework for Developing ||
{ Particle Simulator |
PS::MTTS mt; \===================s==============//
mt.init genrand(0);
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template<class Tpsys>
void kick(Tpsys & system,
CONS tamiianlaaatians
PS::532 n
for(PS::S3
system[i].vel += system[i].acc * dt;

system.getNumberOfParticlelLocal(); ™=

ROV BRI OJ BE

¥
¥

template<class Tpsys>
void drift(Tpsys & system,
const PS::F64 dt) {
PS::S32 n = system.getNumberOfParticlelLocal();
for(PS::S32 1 = 0; 1 < n; i++) {
system[i].pos += system[i].vel * dt;

}
}
fl/[=============cc=—c==s=es==——=—c==ch
template<class Tpsys> | ] HERERS 98538 998539,
void calcEnergy(const Tpsys & system, R R R R I N | I .
PS::F64 & etot, iillJJllff:i?'ii :f::”:' :::2W|
PS::F64 & ekin, | .F.r‘amé\/.\lc.);‘l.<.fo.r‘. Deveic;é).i;].g. N || |
PS::F64 & epot, Particle Simulator |\
const bool clear=true){ \===================s====s=========//

if(clear){
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template<class Tpsys>
void kick(Tpsys & system,
const PS::F64 dt) {
PS::S32 n = system.getNumberOfParticlelLocal();
for(PS::S32 i = 0; 1 '

ystem[i].vel +=ﬂ<ﬁ%‘$9 S2C[1EDFRERFFT—9 (7ot RTTE

template<class Tpsys>
void drift(Tpsys & system,
const PS::F64 dt) {
PS::S32 n = system.getNumberOfParticlelLocal();
for(PS::S32 1 = 0; 1 < n; i++) {
system[i].pos += system[i].vel * dt;

¥
¥

}
}
fl/[=============cc=—c==s=es==——=—c==ch
template<class Tpsys> | ] HERERS 98538 998539,
void calcEnergy(const Tpsys & system, R R R R I N | I .
PS::F64 & etot, iillJJllff:i?'ii :f::“:' :::2W|
PS::F64 & ekin, | .F.Pamé\;vé);‘i<.Fo.P. Deveic;é).i;].g. N || |
PS::F64 & epot, Particle Simulator |\
const bool clear=true){ \===================s====s=========//

if(clear){
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int ma1n(1nt argc, char *argv[]) {

std cerr<<std setprec151on(15),

PS::Initialize(argc, argv);
PS::F32 theta = 0.5;

PS::S32 n_leaf limit = 8;
PS::S32 n_group limit = 64;
PS::F32 time _end = 10.0;
PS::F32 dt = 1.0 / 128.0;
PS::F32 dt diag = 1.0 / 8.0;
PS::F32 dt snap = 1.0;

char dir_name[1024];

PS::564 n_tot = 1024;
PS::S32 c;
sprintf(dir_name,"./result");
opterr = 0;

while((c=getopt(argc,argv,"i:o:d:D:t:T:1:n:N:hs:")) I= -1){

switch(c){ R\

case 'o': | ] HENF ggeggag 328898,
sprintf(dir_name,optarg); SRR S N N I SRR
break; || | | :|:| ||:.:.:.:.:.:.' S onnane '.|.|

case 't : | | Framework for Developing Il ||
theta = atof(optarg); Particle Simulator 1]\
std::cerr << "theta =" << theta << std::endl; \==================================//

break;
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int main(int argc, char *argv[]) {
std: :cout<<std: :setprecision(15);
std: :cerr<<std: :setprecision(15);

PS In1t1allze(argc, argv);

S32 n_ leaf 11m1t = 8;
DS..S32 n_group limit = 64;
PS::F32 time _end = 10.0;
PS::F32 dt = 1.0 / 128.0;
PS::F32 dt diag = 1.0 / 8.0;
PS::F32 dt snap = 1.0;
char dir_name[1024];

PS::564 n_tot = 1024;

PS::S32 c;
sprintf(dir_name,"./result");
opterr = 0;

while((c=getopt(argc,argv,"i:o:d:D:t:T:1:n:N:hs:")) I= -1){
switch(c){
case '0':
sprintf(dir_name,optarg);
break;
case 't':
theta = atof(optarg);
std::cerr << "theta =" << theta << std::endl;

break;
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DAY goutd, \ oA \N , . o mnmm. . 8 noer T y

PS: :ParticleSystem<FPGrav> system_grav; )ﬁ[?%ig 52@%522:?7]5}3“3

system grav.initialize();

PS::F32 tEme_sys = 0.0;
if(PS::Comm: :getRank() == 0) {
setParticlesColdUniformSphere(system grav, n_tot, n loc);

} else {
system grav.setNumberOfParticlelLocal(n loc);

¥

const PS::F32 coef _ema = 0.3;

PS: :DomainInfo dinfo;
dinfo.initialize(coef _ema);
dinfo.decomposeDomainAll(system grav);

system grav.exchangeParticle(dinfo);

n loc = system grav.getNumberOfParticlelLocal();

e
#ifdef ENABLE_PHANTOM_GRAPE_X86 y TR
g5 open(); SRS N L R Pt
g5_set_eps_to_all(FPGrav::eps); iillJJllf}ii?'ii REEEEE :::iWI
#endl | | .F.r‘amé\;\lc.);‘lzfo.r‘. Deveic.)é).ih.g. N || ||
PS::TreeForForceLong<FPGrav, FPGrav, FPGrav>::Monopole tree grav; Sttt ale GAml epbE ]\
tree_grav.initialize(n_tot, theta, n_leaf_limit, n_group_limit); \SE=mmEmmmmsemmmmm s e e = ]

#ifdef MULTI_ WALK

e gy gy e N | - e ® g N PN PN
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. \ 1o Der DrocCe . /oC

¥

PS::ParticleSystem<FPGrav> system grav;

system grav.initialize();

PS::S32 n_loc = 0;

PS::F32 time sys = 0.0;

if(PS::Comm: :getRank() == 0) {
setParticlesColdUniformSphere(system grav, n_tot, n loc);

} else {

system grav.setNumberOfParticlelLocal(n loc);

PS: :DomainInfo din?o;
dinfo.initialize(coef _ema);
dinfo.decomposeDomainAll(system grav);

= RX A VIBHRY SADERE ML, 48

5

N
3
o

AV o C = C v, \J

D J
n loc = system grav.getNumberOfParticlelLocal();

g5 open(); SRR A I N R
g5 set eps to all(FPGrav::eps); 38 685888 B8 5 885588°  85585¢

#ifdeft ENABLE_PHANTOM_GRAPE_X86 [ NI Y

#endi IR R "
| | Framework for Developing 1| ||

PS::TreeForForceLong<FPGrav, FPGrav, FPGrav>::Monopole tree grav; Particle Simulator ]\
tree grav.initialize(n tot, theta, n_leaf limit, n group limit); s

#ifdef MULTI_ WALK

e gy gy e N | - e ® g N PN PN
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L v, v, y L v, L | =~ v .Y, v, r,v, r, 7 r, v,
) O0U \ -
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J - J

J

¥

PS::ParticleSystem<FPGrav> system grav;

system grav.initialize();

PS::S32 n_loc = 0;

PS::F32 time sys = 0.0;

if(PS::Comm: :getRank() == 0) {
setParticlesColdUniformSphere(system grav, n_tot, n loc);

} else {
system grav.setNumberOfParticlelLocal(n loc);

}

const PS::F32 coef _ema = 0.3;
PS: :DomainInfo dinfo;

system grav.exchangeParticle(

- Wil a ~ ) - \ ala 7~ -

g5 open(); SR A ‘ .
g5 set eps to all(FPGrav::eps); % JJll::::m porrrnnint Trooo

#ifdeft ENABLE_PHANTOM_GRAPE_X86 [ NI Y

#endi | Framework fo.r‘. Developing 1| ||
PS::TreeForForceLong<FPGrav, FPGrav, FPGrav>::Monopole tree grav; Particle Simulator ]\
tree grav.initialize(n _tot, theta, n leaf limit, n_group limit); \==================================//

#ifdef MULTI_ WALK

e gy gy e N | - e ® g N PN PN
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Particlelocal();

n_l1oC = system _grav.getNumberaG

#ifdeft ENABLE_PHANTOM_GRAPE_X86

g5_open();
g5 set eps to all(FPGrav::eps);

\ HBERRYU—9520

ﬁPS::TreeForForceLong<FPGrav, FPGrav, FPGrav>::Monopole tree grav; |
tree_grav.initialize(n_tot, theta, n_leaf_limit, n_group_limit); Eﬂzc\:*ﬂﬁﬂ,fb

const PS::S32 n walk limit = 200;
const PS::532 tag max = 1;
tree_grav.calcForceAllAndWriteBackMultiWalk(DispatchKernelWithSP,
RetrieveKernel,
tag max,
system_grav,
dinfo,
n walk limit);
#else
tree _grav.calcForceAllAndWriteBack(CalcGravity<FPGrav>,
CalcGravity<PS: :SPJMonopole>,
system_grav, [ NI Y

dinfo); SRR S S a N NS TR
#endif || : .|.| ll,:,:,:,:,:,:. REEEEE ::::Izl.|
PS::F64 Epot@, Ekin@, Etoto, Epotl, Ekinl, Etotl; [ .EmméwéﬁzfgﬁDevéﬁﬁﬁhé”..“ [
calcEnergy(system grav, Etot@®, Ekin@, Epot0); Particle Simulator ]\
PS::F64 time diag = 0.0; \==================================//

PS::F64 time snap = 0.0;

P gem .
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system_grav,
dinfo,

n walk limit);
Helse

tree _grav.calcForceAllAndWriteBack(CalcGravity<FPGrav>,

CalcGravity<PS::SPIMonopole>, | BEERRBMZRWCZHD

system_grav,

=1 i/
==
dinfo); 01—5'

PS::F64 Epot@, Ekino, Etoto, Epotl, Ekinl, Etotl;
calcEnergy(system grav, Etot®, Ekin@, Epot0);
PS::F64 time diag = 0.0;
PS::F64 time _snap = 0.0;
PS::S64 n_loop = O;
PS::S32 id snap = 0©;
while(time sys < time end){
if( (time_sys >= time snap) || ( (time_sys + dt) - time _snap ) > (time_snap - time_sys) ){

char filename[256];

sprintf(filename, "%s/%04d.dat", dir name, id snap++);

ileteader header: (T
neader.time = time sys; do e e we
neader.n_body = system grav.getNumberOfParticleGlobal(); SR | N R R R R R R S R S
system grav.writeParticleAscii(filename, header); [ETE e e S al

o gt . | | Framework for Developing ||
, ime snap += dt_snap; Particle Simulator ||

\==================================//
calcEnergy(system grav, Etotl, Ekinl, Epotl);

#tenC
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char filename[256];
sprintf(filename, "%s/%04d.dat", dir_name, id_snap++);
FileHeader header;
header.time = time_ sys;
header.n_body = system _grav.getNumberOfParticleGlobal();
system _grav.writeParticleAscii(filename, header);
time _snap += dt snap;
}
calcEnergy(system grav, Etotl, Ekinl, Epotl);
if(PS::Comm: :getRank() == 0){
if( (time_sys >= time diag) || ( (time_sys + dt) - time diag ) > (time_diag - time_sys) ){
fout _eng << time sys << " " << (Etotl - Etot@) / Etoto << std::endl;
fprintf(stdout, "time: %10.7f energy error: %+e\n",
time_sys, (Etotl - Etot®@) / Etot@);
time diag += dt diag;

}
) [[============m=mmmmmmmmmoooooooo o\

kick(system grav, dt * ©.5); Lo RIS

time_sys += dt; || .|.|.:.:.:.:.:.: = ;.::::::::':‘::::::::.

drift(system grav, dt); IR R R "]

if(n_loop % 4 == 0){ | | Framework for Developing || |
d ' ||

dinfo.decomposeDomainAll(system grav);

}

svstem orav.exchancseParticle(dinfo):
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CalcGravity<PS: :SPJMonopole>,

system_grav,
dinfo);
#endif
kick(system grav, dt * 0.5);
n_loop++;
}
#ifdef ENABLE PHANTOM GRAPE_ X86
g5 close();
Hengh
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