user-defined.hpp

1| #pragma once
2 class FileHeader{
3| public:
4 PS::S64 n_body;
5 PS::F64 time;
6 PS::S32 readAscii(FILE * fp) {
7 if(fscanf(fp, "%1f\n", &time) != 1) exit(1);
8 if(fscanf(fp, "%ld\n", &n_body) != 1) exit(1);
9 return n_body;
10 }
11 void writeAscii(FILE* fp) const {
12 fprintf(fp, "%e\n", time);
13 fprintf(fp, "%1ld\n", n_body);
14 }
150 ) RIFD S
16
17 ]| class FPGrav{
18 ] public:
19 PS::S64 id;
20 PS::F64 mass; %ﬂﬁﬂgg
21 PS::F64vec pos;
22 PS::F64vec vel;
23 PS::F64vec acc;
24 PS::F64 pot;
EZ static PS::F64 eps; I\\%QJ(://\EE§&
27 PS::F6dvec getPos() const {
28 return pos; ﬁiﬁ%@@ﬁ%%iﬂi?i
29 }
30
31 PS::F64 getCharge() const {
i; } return mass; EiEE(ESﬁﬁ)%Eﬂi?T
34
35 void copyFromFP(const FPGrav & fp){
36 mass = fp.mass; FPHO\SHEE/ER(C
o LT 7YY pEummeser
39
40 void copyFromForce(const FPGrav & force) {
41 acc = force.acc;
4 pot = force.pot; FOrCEMSFPICfE%E
43 }
44
45 void clear() { _ .
26 scc - 0.0; Force DS XAMD7—5
47 pot = 0.0;
48 }
49
50 void writeAscii(FILE* fp) const {
51 fprintf(fp, "%ld\tkg\t%g\t%g\t%g\t%g\t%g\t%g\n",
52 this->id, this->mass,
53 this->pos.x, this->pos.y, this->pos.z,
54 this->vel.x, this->vel.y, this->vel.z);
55 }
56
57 void readAscii(FILE* fp) {
58 if(fscanf(fp, "%Ld\tALF\tALF\tBLF\tBLF\tAIF\t%1F\t%1f\n",
59 &this->id, &this->mass,
60 &this->pos.x, &this->pos.y, &this->pos.z,
61 &this->vel.x, &this->vel.y, &this->vel.z) != 8) exit(-1);
62 }
631 };
64

65| #ifdef ENABLE_PHANTOM_GRAPE_X86
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8 E YEFARS%E (phantom grape)

template <class TParticlel>
void CalcGravity(const FPGrav * iptcl,
const PS::S32 ni,
const TParticleld * jptcl,
const PS::S32 nj,
FPGrav * force) {
const PS::S32 nipipe = ni;
const PS::S32 njpipe = nj;
PS::F64 (*xi)[3]
PS::F64 (*ai)[3]

PS::F64 *pi = (PS::F64 * Ymalloc(sizeof(PS:
PS::F64 (*xj)[3] = (PS::F64 (*)[3])malloc(sizeof(PS:
PS::F64 *mj = (PS::F64 * Jmalloc(sizeof(PS:

for(PS::S32 i = 0; i < ni; i++) {

xi[i][@] = iptcl[i].getPos()[@];
xi[i][1] = iptcl[i].getPos()[1];
xi[i][2] = iptcl[i].getPos()[2];
ai[i][e] = 0.0,
ai[i][1] = e@.0;
ai[i][2] = 0.0;
pi[i] = 0.0;

}
for(PS::S32 j = @; j < nj; j++) {

xj[jI[e] = jptcl[j].getPos()[e];
xj[31[1] = jptcl[j].getPos()[1];
xj[31[2] = jptcl[]].getPos()[2];
mj[3] = jptcl[j].getCharge();
xj[jl[e] = jptcl[j].pos[e];
xj[J1[1] = Jptcl[j].pos[1];
xj[31[2] = Jptcl[]].pos[2];
mj[3] = jptcl[j].mass;

}

PS::S32 devid = PS::Comm::getThreadNum();

g5 set xmjMC(devid, ©, nj, xj, mj);
g5 set nMC(devid, nj);

g5 calculate_force_on_xMC(devid, xi, ai, pi, ni);

for(PS::S32 i = 0; i < ni; i++) {
force[i].acc[@] += ai[i][@];
force[i].acc[1] += 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);

(PS::F64 (*)[3])malloc(sizeof(PS:
(PS::F64 (*)[3])malloc(sizeof(PS:

:F64)
:F64)
:F64)
:F64)
:F64)

*

*

*

nipipe * PS::DIMENSION);
nipipe * PS::DIMENSION);
nipipe);
njpipe * PS::DIMENSION);
njpipe);

#telif USE_PIKG_KERNEL

struct Epi{
PS::F32vec pos;

}s

struct Epj{
PS::F32vec pos;
PS::F32 mass;

}s

struct Force{
PS::F32vec acc;
PS::F32 pot;

}s

#include "kernel_pikg.hpp"
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template <class TParticlel>
void CalcGravity(const FPGrav * ep_ i,
const PS::S32 n_ip,
const TParticlel * ep_j,
const PS::S32 n_jp,
FPGrav * force) {
Epi epi[n_ip];
Force f[n_ip];
for(int i=0;i<n_ip;i++){
epi[i].pos = (PS::F32vec)(ep_i[i].pos - ep_i[@].pos);

f[i].acc
f[i].pot

force[i].acc;
force[i].pot;

}
Epj epjln_jpl;
for(int i=0;i<n_jp;i++){
epj[i].pos = (PS::F32vec)(ep_j[i].pos - ep_i[@].pos);
epj[i].mass = ep_j[i].mass;
}
CalcGravityEpEp(FPGrav: :eps*FPGrav: :eps)(epi,n_ip,epj,n_jp,f);
for(int i=0;i<n_ip;i++){
force[i].acc = f[i].acc;
force[i].pot = f[i].pot;

}

#else

kemplate <class TParticlel>
void CalcGravity(const FPGrav * ep_ i,
const PS::S32 n_ip,

const PS::S32 n_jp,

FPGrav * force) {
PS::F64 eps2 = FPGrav::eps * FPGrav::eps;
for(PS::S32 i = 9; i < n_ip; i++){

PS::F64vec ai 0.09;
PS::F64 poti = 0.0;
for(PS::S32 j = 0; j < n_jp; j++){
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_inv;
ai -= r3_inv * rij;
poti -= r_inv;
}
force[i].acc += ai;
force[i].pot += poti;

#tendif

HEEHESE(PIKG)

< B> —~

const TParticlel * ep_j, *EZi«EﬁHEaia

PS::F64vec xi = ep_i[i].getPos(); < XV NBE#HFEUH U
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#include <iostream>

#tinclude <fstream>

#include <unistd.h>

#include <sys/stat.h>

#include <particle_simulator.hpp> &—-——— FDPSA W S —MEidriAd
#tifdef ENABLE_PHANTOM_GRAPE_X86
#include <gp5util.h>

#tendif

#tifdef ENABLE_GPU_CUDA

#tdefine MULTI_WALK

#include "force_gpu_cuda.hpp”
#endif

#include "user-defined.hpp"

void makeColdUniformSphere(const PS::F64 mass_glb, const PS::S64 n_glb, const PS::S64 n_loc, PS::F64 *&mass,
PS::F64vec *&pos, PS::F6d4vec *&vel,
const PS::F64 eng = -0.25, const PS::S32 seed = 0) {

assert(eng < 0.0);

{
PS::MTTS mt;
mt.init_genrand(9);
for (PS::S32 i =0; i < n_loc; i++) {
mass[i] = mass_glb / n_glb;
const PS::F64 radius = 3.0;
do {
pos[i][@] = (2. * mt.genrand_res53() - 1.) * radius;
pos[i][1] = (2. * mt.genrand res53() - 1.) * radius;
pos[i][2] = (2. * mt.genrand_res53() - 1.) * radius;
} while (pos[i] * pos[i] >= radius * radius);
vel[i][@] = 0.9;
vel[i][1] = 0.9;
vel[i][2] = 0.0;
}
}

PS::F64vec cm_pos = 0.0;

PS::F64vec cm_vel = 0.0;

PS::F64 cm_mass = 0.0;

for (PS::S32 i =0; i < n_loc; i++) {
cm_pos += mass[i] * pos[i];
cm_vel += mass[i] * vel[i];
cm_mass += mass[i];

}

cm_pos /= cm_mass;

cm_vel /= cm_mass;

for (PS::S32 i =0; i < n_loc; i++) {
pos[i] -= cm_pos;
vel[i] -= cm_vel;

template <class Tpsys>

void setParticlesColdUniformSphere(Tpsys &psys, const PS::S32 n_glb, PS::S32 &n_loc) {
n_loc = n_glb;
psys.setNumberOfParticleLocal(n_loc);

PS::F64 *mass = new PS::F64[n_loc];
PS::F64vec *pos = new PS::F64vec[n_loc];
PS::F64vec *vel = new PS::F64vec[n_loc];
const PS::F64 m_tot = 1.0;
const PS::F64 eng = -0.25;
makeColdUniformSphere(m_tot, n_glb, n_loc, mass, pos, vel, eng);
for (PS::S32 i =0; i < n_loc; i++) {
psys[i].mass = mass[i];
psys[i].pos = pos[i];
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65 psys[i].vel = vel[i];

66 psys[i].id = i;
67 }

68 delete[] mass;

69 delete[] pos;

70 delete[] vel;

71}

72

73| template <class Tpsys>

74 void kick(Tpsys &system, const PS::F64 dt) {

75 PS::S32 n = system.getNumberOfParticlelocal();B O X NIEYT BRI FHZEIRT
76 for (PS::S32 1 =0; i< n; i++) {

77 system[i].vel += system[i].acc * dt;

I N

79| }

80

81| template <class Tpsys>
82 void drift(Tpsys &system, const PS::F64 dt) {

RIFEED S X l[i1Z2 DT3B EEIDIRICRIF T —FIAT7 Dt X AlEE

83 PS::S32 n = system.getNumberOfParticleLocal();
84 for (PS::S32 i =0; i < n; i++) {

85 system[i].pos += system[i].vel * dt;

86 }

87 }

88

89| template <class Tpsys>
90 void calcEnergy(const Tpsys &system, PS::F64 &etot, PS::F64 &ekin, PS::F64 &epot, const bool clear = true) {

91 if (clear) {

92 etot = ekin = epot = 0.0;

93 }

94 PS::F64 etot_loc = 0.0;

95 PS::F64 ekin_loc = 0.90;

96 PS::F64 epot_loc = 0.0;

97 const PS::S32 nbody = system.getNumberOfParticlelLocal();

98 for (PS::S32 i = @; i < nbody; i++) {

99 ekin_loc += system[i].mass * system[i].vel * system[i].vel;
100 epot_loc += system[i].mass * (system[i].pot + system[i].mass / FPGrav::eps);
101 }

102 ekin_loc *= 0.5;

103 epot_loc *= 0.5;

104 etot_loc = ekin_loc + epot_loc;

105 etot = PS::Comm::getSum(etot_loc);

106 epot = PS::Comm::getSum(epot_loc);

107 ekin = PS::Comm::getSum(ekin_loc);

108 | }

109

110 void printHelp() {

111 std::cerr << "o: dir name of output (default: ./result)" << std::endl;

o)

112 std::cerr << "t: theta (default: 0.5)" << std::endl;
T
s

113 std::cerr << "T: time_end (default: 10.0)" << std::endl;

114 std::cerr << "s: time_step (default: 1.0 / 128.0)" << std::endl;
115 std::cerr << "d: dt_diag (default: 1.0 / 8.0)" << std::endl;

116 std::cerr << "D: dt_snap (default: 1.0)" << std::endl;

117 std::cerr << "1: n_leaf limit (default: 8)" << std::endl;

118 std::cerr << "n: n_group_limit (default: 64)" << std::endl;

119 std::cerr << "N: n_tot (default: 1024)" << std::endl;

120 std::cerr << "h: help" << std::endl;

121 }

122

123 void makeOutputDirectory(char *dir_name) {

124 struct stat st;

125 PS::S32 ret = 0;

126 if (PS::Comm::getRank() == 0) {

127 if (stat(dir_name, &st) != 0) {

128 ret = mkdir(dir_name, 0777);

129 } else {

130 ret = @; // the directory named dir_name already exists.

131 }
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PS:

int

:F64 FPGrav::eps =

}
PS::Comm: :broadcast(&ret, 1);

if (ret == 0) {

if (PS::Comm::getRank() == @) fprintf(stderr,

} else {

if (PS::Comm::getRank() == @) fprintf(stderr,

PS: :Abort();

1.0 / 32.0;

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

PS:
PS:
PS:
PS:
PS:
PS:

:Initialize(argc, argv);
:F64 theta = 0.5;
:S32 n_leaf_limit =
:S32 n_group_limit =
:F64 time_end = 10.0;
:F64 dt = 1.0 / 128.0;
PS::F64 dt_diag = 1.0 / 8.0;
PS::F64 dt_snap = 1.0;
//PS::S32 n_steps_reuse
PS::S32 n_steps_reuse =

8;
64;

4;
1;
bool clear_force = true;

char dir_name[1024];

PS::S64 n_tot = 1024;

PS::S32 c;

sprintf(dir_name, "./result");

opterr = 0;
while ((c = getopt(argc, argv, "i:o:d:D:t:T:1l:n:N:hs:")) I= -1) {
switch (c) {

case 'o':
strncat(dir_name, optarg, 1000);
break;

case 't':
theta = atof(optarg);
std::cerr << "theta =" << theta << std::endl;
break;

case 'T':
time_end = atof(optarg);
std::cerr << "time_end = " << time_end << std::endl;
break;

case 's':
dt = atof(optarg);
std::cerr << "time_step = " << dt << std::endl;
break;

case 'd':
dt_diag = atof(optarg);
std::cerr << "dt_diag = " << dt_diag << std::endl;
break;

case 'D':
dt_snap = atof(optarg);
std::cerr << "dt_snap = " << dt_snap << std::endl;
break;

case 'l":
n_leaf_limit = atoi(optarg);
std::cerr << "n_leaf _limit = " << n_leaf_limit << std::endl;
break;

case 'n':
n_group_limit = atoi(optarg);
std::cerr << "n_group_limit = "
break;

case 'N':
n_tot = atoi(optarg);

VAT B EESD

FDPSO#IEA{L

"Directory \"%s\" is successfully made.\n", dir_name);

"Directory %s fails to be made.\n", dir_name);

<< n_group_limit << std::endl;
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std::cerr << "n_tot = << n_tot << std::endl;

break;
case 'h':
if (PS::Comm::getRank() == 0) {
printHelp();
¥
PS::Finalize();
return 0;
default:
if (PS::Comm::getRank() == 0) {

std::cerr << "No such option! Available options are here." << std::endl;
printHelp();

¥
PS::Abort();

makeOutputDirectory(dir_name);
std::ofstream fout_eng;

if (PS::Comm::getRank() == 0) {
char sout_de[1280];
sprintf(sout_de, "%s/t-de.dat", dir_name);
fout_eng.open(sout_de);
fprintf(stdout, "This is a sample program of N-body simulation on FDPS!\n");
fprintf(stdout, "Number of processes: %d\n", PS::Comm::getNumberOfProc());
fprintf(stdout, "Number of threads per process: %d\n", PS::Comm::getNumberOfThread());

PS::ParticleSystem<FPGrav> system_grav; KIFEED S X DR & FIHAE,

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.setNumberOfParticleLocal(n_loc);

}
const PS::F32 coef_ema = 0.3;
PS::DomainInfo dinfo; R X 1 VIEERS S X DEE R & FIEBME
dinfo.initialize(coef_ema);
dinfo.decomposeDomainAll(system grav); R 73T
system_grav.exchangeParticle(dinfo); <
n_loc = system_grav.getNumberOfParticlelLocal();

#if defined(ENABLE_PHANTOM_GRAPE_X86) EOTIABY T SRIFHERT X /B
g5_open();
g5_set_eps_to_all(FPGrav::eps);

#tendif

PS::TreeForForceLong<FPGrav, FPGrav, FPGrav>::Monopole tree_grav; *HE'«EH@ Wi —4 EZODEJSJZEWJHH{IS
tree_grav.initialize(n_loc, theta, n_leaf_limit, n_group_limit); ’

//tree_grav.let_usage mode = PS::LET_USAGE_MODE : : CONSTRUCT GLOBAL_TREE;
tree_grav.let_usage mode_ = PS::LET_USAGE_MODE: :CONSTRUCT_ LET_TREE;

/*

// CHECKED

tree_grav.setParticleLocalTree(system_grav);
tree_grav.makelLocalTree(dinfo);

tree_grav.makeGlobalTree(dinfo);

tree_grav.calcMomentGlobalTree();
tree_grav.calcForce(CalcGravity<FPGrav>, CalcGravity<PS::SPJMonopole>);
for(int i=0; i<system_grav.getNumberOfParticleLocal(); i++){
system_grav[i].copyFromForce(tree_grav.getForce(i));

std::cout<<"i= "<<i<<" acc= "<<system_grav[i].acc<<std::endl;
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}
PS::Finalize();
return 0;

// CHECKED

*/

#if defined(MULTI_WALK_PTCL)
const PS::S32 n_walk_limit = 4;
const PS::S32 tag max = 1;
tree_grav.calcForceAllAndWriteBackMultiWalk(DispatchKernelWithSP, RetrieveKernel, tag max, system_grav, dinfo,
n_walk_limit);
#elif defined(ENABLE_GPU_CUDA)
const PS::S32 n_walk_limit = 4;
const PS::S32 tag max = 1;
tree_grav.calcForceAllAndWriteBackMultiWalkIndex(DispatchKernelWithSPIndex, RetrieveKernel, tag max,
system_grav, dinfo, n_walk_limit);
#else

tree_grav.calcForceAllAndWriteBack(CalcGravity<FPGrav>, CalcGravity<PS::SPJMonopole>, system_grav, dinfo);

#endIT - -
PS::F64 Epot®, Ekine, Etot@, Epotl, Ekinl, Etot1l; $EZi«EﬁHEg§&%EﬁHLA7;jjO)E+E§
calcEnergy(system_grav, Etote, Ekin@, Epot@); 5|8USNEICEP-EPMABE {EFRREE%L. EP-SPMIBEE {EFEI#L.

PS::F64 time_diag = 0.0;

PS::F64 time_snap = 0.0;

PS::S64 n_loop = 0;

PS::S32 id_snap = 0;

while (time_sys <= time_end) { &P DA > IL— B9

/*

if(PS::Comm: :getRank()==0){
if(n_loop % 16 == 0){
((system_grav.getTimeProfile() + dinfo.getTimeProfile() + tree_grav.getTimeProfile())/16).dump(1);
system_grav.clearTimeProfile();
dinfo.clearTimeProfile();
tree_grav.clearTimeProfile();

}
}
*/
if ((time_sys >= time_snap) || ((time_sys + dt) - time_snap) > (time_snap - time_sys)) {
char filename[1280];
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®@) / Etot® << std::endl;
fprintf(stdout, "time: %10.7f energy error: %+e\n", time_sys, (Etotl - Etot@) / Etote);
time_diag += dt_diag;

}

kick(system grav, dt * 0.5); velocity kick
REEHXITY TED S
drift
UBZIXTY TEDSD
auto list_mode = PS::REUSE_LIST;
if (n_loop % n_steps_reuse == 0) {
dinfo.decomposeDomainAll(system_grav);

system_grav.exchangeParticle(dinfo);
list_mode = PS::MAKE_LIST_FOR_REUSE;

time_sys += dt;
drift(system grav, dt);
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331 }

332 | #if defined(MULTI_WALK_PTCL)

333 // multi walk

334 tree_grav.calcForceAllAndWriteBackMultiWalk(DispatchKernelWithSP, RetrieveKernel, tag max, system_grav,
dinfo, n_walk limit, clear_ force, list mode);

335| #elif defined(ENABLE_GPU_CUDA)

336 // multi walk + index

337 tree_grav.calcForceAllAndWriteBackMultiWalkIndex(DispatchKernelWithSPIndex, RetrieveKernel, tag_max,
system_grav, dinfo, n_walk_limit, clear_force, list_mode);

338 #else

339 tree_grav.calcForceAllAndWriteBack(CalcGravity<FPGrav>, CalcGravity<PS::SPJMonopole>, system_grav, dinfo,
clear_force, list _mode);

340 | #endif

341

342 /*

343 if(PS::Comm: :getRank() == 0){

344 (dinfo.getTimeProfile() + system grav.getTimeProfile() + tree_grav.getTimeProfile()).dump(2);

345 std::coutcg"FFFRRFF AR AR K Y std: tend];

346 }

347 dinfo.clearTimeProfile();

348 system_grav.clearTimeProfile();

349 tree_grav.clearTimeProfile();

350 */ . .

351 kick(system grav, dt * 0.5); velocity kick

352 n_loop++; BREE¥ITv IEHD

353 }

354

355 #if defined(ENABLE_PHANTOM GRAPE_X86)

356 g5 close();

357 | #endif

358

359 PS::Finalize(); FDPSM#& T JLIE

360 return 0;

361 }

362
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