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> 7))L 1— K used_defined.hpp

#pragma once
class FileHeader{
public:

PS::S64 n_body;

PS::F64 time;

PS::S32 readAscii(FILE * fp) {
fscanf(fp, "%1f\n", &time);
fscanf(fp, "%11d\n", &n body);
return n_body;

}

void writeAscii(FILE* fp) const {
fprintf(fp, "%e\n", time);
fprintf(fp, "%11ld\n", n_body);

1l;

}

}s
e e e e e e e N

class FPGrav{
public; ;; ..... ;.”.:;;.”::; .....

PS: :S64 1d,

PS::F64 mass, N Fr‘amé\/’uéé‘l.(.for.‘.Developir.u.g...

ZO-I 9/082’06“"7@ Fp% >J3_|/i\ Particle Simulator
P
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> 7))L 1— K used_defined.hpp

PS::S64 n_body;

PS::F64 time;

PS::S32 readAscii(FILE * fp) {
fscanf(fp, "%1f\n", &time);
fscanf(fp, "%11d\n", &n body);
return n_body;

void writeAscii(FILE* fp) const {
fprintf(fp, "%e\n", time);
fprintf(fp, "%11d\n", n _body);

s

class FPGrav{
public:
PS::S64 1d;
: 1 F64 mass;

PS
2019/ O%ZO@F@FPQ}%’%'/:&\

- rEF6Avec vel':
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> 7))L 1— K used_defined.hpp

class FileHeader{
public:
PS::S64 n_body;
PS::F64 time;
PS::S32 readAscii(FILE * fp) {
fscanf(fp, "%1f\n", &time);
fscanf(fp, "%lld\n", &n body); R —
r‘etur‘n(nibody; ~body) T27A4)IN\YVI—D SR

}
void writeAscii(FILE* fp) const {

fprintf(fp, "%e\n", time);
fprintf(fp, "%11d\n", n body);

[[=================================c\\
class FPGrav{
public; ;; ..... ;.”.;;?.”;;; ......

PS: :S64 1d,
PS::F64 mass, N Fr‘amé\/‘uérc‘l.(.for.‘.Developir}é...
ZO-I 9/0%21064"7@ Fp%:gzjél/ﬁ\ . Particle Simulator

- rEF6Avec vel':
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clas; FileHeader{
pub L]

U

PS::S32 readAscii(FILE * fp) {
fscanf(fp, "%1f\n", &time);

fscanf(fp, "%11ld\n", &n_body); . _
return n_body; 274N\ —D 2R

}
void writeAscii(FILE* fp) const {

fprintf(fp, "%e\n", time);
fprintf(fp, "%11d\n", n body);

class FPGPaV{ 20909008 g9ggooC | £OQ0go0 800800
public: ‘
PS: :S64 1d,

: :F64 mass, Framework for Developing

PS
2019/ O%Z’ (JF6Aveq[pos;: 2 Y
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class FPGrav{
public:

PS: :S64 1d; Vi<t —

PS::F64 mass; *M‘jrgjz

PS::F64vec pos;

PS::F64vec vel;

PS::F64vec acc;

PS::F64 pot;

static PS::F64 eps;

PS::F64vec getPos() const {

return pos;
}

PS::F64 getCharge() const {
return mass;

¥

void copyFromFP(const FPGrav & fp){ [/§=================================\\
MasSs = fp.mass; DILIiilo DIl ool oLiiiiic.
pos = fp.pos;

}

void copyFromForce(const FPGrav & force) { Framework for Developing

2019/08/0ted-Dfdrcssaecrs oo e e )
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class FPGrav{

pub lic.
PS::S64 1d; WFH9 SR
PS::F64 N
PS: :F64vec Y/BE
PS::F64vec
PS::F64vec

PS::F64

static PS::F64 eps;

PS::F64vec getPos() const {
return pos;

}
PS::F64 getCharge() const {

return mass;

¥

void copyFromFP(const FPGrav & fp){ [/§=================================\\
MasSs = fp.mass; DILIiilo DIl ool oLiiiiic.
pos = fp.pos;

}

void copyFromForce(const FPGrav & force) { Framework for Developing

2019/08/0ted-Dfdrcssaecrs oo e e )
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: :F64vec getPos() const {
return pos;

: :F64 getCharge() const {
return mass;
\ A K
void copyFromFP(const FPGrav & fp){ XY\~

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

void clear

[/ §=========m=mm=mmmmmmmmmmoooooooon\\
vold Writemscll S Tp)const L T
fprintf(fp, "%11d\tkhg\tkg\t%g\t%g\tkg\t%g\t%g\n", N
this- >1d this- >mass, Framework for Developing

201 /08/06 FDPGEIEE,’J_‘I/_\ x, thls >pos y, thls >pos Z, \\ :=====:i’iZEiiiiii“iiii’i:::z://
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e 0o, /OB X v/ \—Ea%K

J

dCC =

0.0
pot = 0.0;

J

void writeAscii(FILE* fp) const {
fprintf(fp, "%lld\thg\t%g\thg\t%ng\thg\t%sg\t%g\n",
this->id, 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, "%11ld\t%1f\t%1f\tB1F\tZh1F\t%1f\t%1F\t%1f\n",
&this->1d, &this->mass,
&this->pos.x, &this->pos.y, &this->pos.z,
&this-»>vel.x, &this-»>vel.y, &this->vel.z);

b
#ifdef ENABLE PHANTOM GRAPE X86

template <class TParticlel>

207 gfwﬁgﬁﬂﬁﬁ?gﬁ%rav * iptcl,

- 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 (*a1)[3] = (PS::F64 (*)[3])malloc(sizeof(PS::F64) * nipipe * PS::DIMENSION);
PS::F64 *pi = (PS::F64 * )malloc(sizeof(PS::F64) * nipipe);
PS::F64 (*xj)[3] = (PS::F64 (*)[3])malloc(sizeof(PS::F64) * / nijpipe-*-PS:-:DIMENSION);\
PS::F64 *mj (PS::F64 * )malloc(sizeof(PS::F64) * njplpe), ,,,,,,,,,,,,,,,,
For(PS::S32 1 = 0 1 < mi: des) { T IR
xi[i"@]
Xl[l lptCl 1] gEtPOS()[l], - Fr‘amé\;\léé‘l.(.for.‘.Developir.u.g...

2019/08/08 [FDPS—‘%@‘%H .getPos()[2]; SV oA )

ailil
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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_ip, [ [===================s====ss========\\
ConSt TPaPtiCIQJ * ep_j) 5580800 S0 06600 B0A0800 0985850 C
const PS::832.n_jp,
FPGrav * force) { N

:F64 eps2 = FPGrav::eps * FPGrav::eps; FUELIRITE LS SRElP MOV (o] phlil

201 9/089/@8 F@pgm@g@ n_ip; i++){ SV )

cCCNvine, vi — an aAalMa1 aa+DAcC/ N o
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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.d
PS::F64vec xi = ep_i[i]xy/ \BRIFEOE L
PS::F64vec al = 0.0;
PS::F64 potl = 0.0;
for(PS::S32 j = 9; 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();
r‘3_:|.-nv *= I"_inV}
34 = r3 inv * rid; S

potil -= r_inv; S . R |

Framework for Developing

2019/08/06,ERRSHEBS, . S
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PS::F64 r3_inv = rij * rij + eps2;
PS::F64 r inv = 1.0/sgrt(r3 _inv);
r_inv * r_inv;

r3_inv =

r inv *= ep j[j].getCharge();
r3_inv *= pr _inv;

al -= r3_1inv * rij;

potil -= r_1inv;

}
force[i].acc += ai;
force[i].pot += poti;

Hendif

N
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@ user_defined.hpplEZn7iEiF,
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> 7))L 33—k nbody.cpp

#include<iostream>
#include<fstream>
#include<unistd.h>
#include<sys/stat.h>
#include<particle simulator.hpp>
#ifdef ENABLE PHANTOM GRAPE X86
#include <gp5util.h>

#endif

#ifdeft ENABLE_ GPU_CUDA

#define MULTI WALK
#include"force gpu cuda.hpp”
#endif

#include ‘“‘user-defined.hpp”

void makeColdUniformSphere(const PS::F64 mass _glb,
const PS::564 n _glb,
const PS::564 n_loc,
PS::F64 *& mass,
PS::F64vec *& pos, . A
PS: :F64vec *& vel,
Const PS::F64 eng - _@.25, 5580800 S0 06600 B0A0800 0985850 C
const PS::S32 seed = @) { L

assert(eng < 0.0); N

Framework for Developing

{ = Particle Simulator
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#include<iostream>
#include<fstream>
#include<unistd.h>
#1ncludg=esiypsvesiee
#include@
#Hifdef BN# ‘
#include <gp5ut11 h>

#endif

#ifdef ENABLE_ GPU_CUDA
#define MULTI WALK
#include"force gpu cuda.hpp”
#endif

#include ‘“‘user-defined.hpp”

FDPSMD/\wv 57_§/L A

void makeColdUniformSphere(const PS::F64 mass _glb,
const PS::564 n _glb,
const PS::564 n_loc,
PS::F64 *& mass,
PS::F64vec *& pos, . A
PS: :F64vec *& vel,
Const PS::F64 eng - _@.25, 5580800 S0 06600 B0A0800 0985850 C
const PS::S32 seed = @) { L

assert(eng < 0.90); N

Framework for Developing

20] 9/08/(216 Fpgﬁgd(” ,/K\ Particle Simulator
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template<class Tpsys>
void kick(Tpsys & system,
cons (RS
PS::532 n
for(PS::S32%3 ; ;
system[i].vel += system[i].acc * dt;

¥
¥

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;

}

}

template<class Tpsys>

voild CalcEnepgy(conSt Tpsys & System, S
PS::F64 & etot, L
PS :F64 & ekin, N

:F64 & epot, Framework for Developing

2019/08/Q98. qugstgﬂwear ~true){ S




>~ 7 )L 33— nbody.cpp

template<class Tpsys>
void kick(Tpsys & system,
const PS::F64 dt) {
PS::S32 n = system getNumberOfPartlcleLocal(),
for(PS::S32 i =

cysteni].vel ﬂu?ﬁib77\(;[u]%3(7‘%c‘:h%““ 9 (P75t T4

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;

¥
¥

}
¥

template<class Tpsys>
void calcEnergy(const Tpsys & system, CLLLLlloLliiiLoLiiiii Lo
PS::F64 & etot, U
PS :F64 & ekin, e e o -

:F64 & epot, Framework for Developing

2019/08/Q98. qugstmg%ear ~true){ S




>~ 7 )L 33— nbody.cpp

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::S64 n tot = 1024;

PS::532 c;

sprintf(dir_name,"./result");

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

case o .
sprintf(dir _name,optarg); Crriiil o TrTIIi. Tiiiii. Liiiiic.
break; L

cace 't e REEEEES

theta = atof(optarg); Framework for Developing

ZO'I 9/08/06 Egmﬁ%ﬁb%ta =" << theta << std::endl; \\:=======ziZEiiiiirﬁ:iig;::::::://
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int main(int argc, char *argv[]) {
std: :cout<<std: :setprecision(15);
std::cerr<<std: :setprecision(15);

FOPSO#AIL

532 n_leaf 11m1t =
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::S64 n tot = 1024;
PS::532 c;
sprintf(dir_name,"./result");
opterr = 0;
while((c=getopt(argc,argv,"i:o:d:D:t:T:1:n:N:hs:")) = -1){
switch ( C ) { e}

case 'o':
sprintf(dir_name,optarg); Drroioootiiiiolotiiiiiootiiooc
break; L

e e o

theta = atof(optarg); Framework for Developing

ZO'I 9/08/06 Egmﬁ%ﬁb%ta =" << theta << std::endl; \\:=======ziZEiiiiirﬁ:iig;::::::://




> 7))L 33—k nbody.cpp

STdout, \numober o reads per process. nd\n ,

..comme c gethumoerdyu reac 5

prin

PS::ParticleSystem<FPGrav> system grav;
system grav.initialize();

RF8FD 2 ADER/ & YIERE

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();

#ifdef ENABLE_PHANTOM_GRAPE_X86

g5 open(); e s i i
g5 set eps to all(FPGrav::eps); o S

#end1l Co e \ -
PS::TreeForForcelLong<FPGrav, FPGrav, FPGrav>::Monopole tree_grav; - Fra@@éﬁ?foéfmvehxﬁﬁé“.

20] 9;4@;%7@@2_»4@%?;6%&%, theta, n _leaf limit, n _group limit); \\========ziiiiiii}iiz;=======//

e gy b B | - e ® g N N N




> 7))L 33—k nbody.cpp

prin

STdout, numoer o reads per process. nd\n , ..comme c gethumoerdyu reac 5

¥

PS::ParticleSystem<FPGrav> system grav;

system grav.initialize();

PS::5S32 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);

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

NXAVIBHRD S RADEREWIEAE. 58

N
3

#ifdef ENABLE_PHANTOM_GRAPE_X86

g5_open(); 5588568 63085660 8065688 s n85858a0¢
g5_set_eps_to_all(FPGrav::eps); o S
#endi ::.... o o e o o 0 0 o o ‘ .....:

PS::TreeForForcelLong<FPGrav, FPGrav, FPGrav>::Monopole tree grav; ek e Bevelesing

20] 9;4@;%7@@2_»4@%?;6%&%, theta, n _leaf limit, n _group limit); \\========ziiiiiii}iiz;=======//

e gy b B | - e ® g N N N
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STdout, \numober o reads per process. nd\n ,

prin

..Lomm. . ge

¥

PS::ParticleSystem<FPGrav> system grav;

system grav.initialize();

PS::5S32 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;

#ifdef ENABLE PHANTOM GRAPE_X86
g5_open();
g5 set eps to all(FPGrav::eps);
#endi
PS::TreeForForceLong<FPGrav, FPGrav, FPGrav>::Monopole tree grav;

20" 94/1@1%7@§2_WDPS]§%€3§E&%’ theta, n_leaf limit, n_group limit);

e gy b B | - e ® g N N N

Numberc reac ;
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n_LOC = system _grav.getNumberoOtParticleLocal(),

#ifdef ENABLE_PHANTOM_GRAPE_X86

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

#endd
PS::TreeForForceLong<FPGrav, FPGrav, FPGrav>::Monopole tree grav;
tree grav.initialize(n _tot, theta, n leaf limit, n_group limit);

BEERYU—-OSRD
FR & #ERE

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>,

R |
system grav,
dinfo); S
#andif . . o o
PS::F64 Epot@, Ekin®, Etot®, Epotl, Ekinl, Etotil; S
calcEnergy(system_grav, Etot®, Ekin®, Epot@); Framework for Developing

2019/0&/08 Bl s S

VB B |
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sy;Eem_grav,
dinfo,
n walk limit);

tree grav.calcForceAllAndWriteBack(CalcGravity<FPGrav>, .
CalcGravity<PS: :SPJMonopole>, 1‘951’?% Bﬁ &€ﬁ3 L\Tu.j] D

system_grav,
dinfo); 'f§§-

HenC
PS::F64 Epot@, Ekin@, Etot®, Epotl, Ekinl, Etotl;

calcEnergy(system grav, Etoto, Ekin@, Epot0);

PS::F64 time diag = 0.0;

PS::F64 time _snap = 0.0;

PS::S64 n_loop =

PS::S32 1d _snap =

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++);
FileHeader header;
header.time = time_sys; DLttt
header.n body = system grav.getNumberOfParticleGlobal(); 3¢ 3¢ 3B S
system grav.writeParticleAscii(filename, header); R

time_snap += dt_snap; Framework for Developing

20-' 9/08/(36 FDE(S;L@IJ?g{K}V, Etotl, Ekinl, Epotl); \\========ziiiiiigii:z;=======//
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EI% F’e‘ﬂﬁ’ )

( (time _sys + dt) - time _snap ) > (time_snap - time _sys) ){

char ¥ilename[256T;
sprintf(filename, "%s/%04d.dat", dir_name, id_snap++);

~ileHeader header;
neader.time = time sys;

neader.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_gng << time sys << " " << (Etotl - Etot@) / Etoto << std::endl;

fprintf(stdout, "time: %10.7f energy error: %+e\n",
time sys, (Etotl - Etot®) / Etoto);

time_diag += dt_diag;
¥
} //==================================\\

kick(system grav, dt * 0.5);

time sys += dt; G

drift(system_grav, dt); R Dottt i

if(n_loop % 4 == 0){ 3 SR ‘: ..... |
dinfo.decon poseDomalnAll (system grav); Fraggﬁzgtlgogiaﬁ‘l’igﬁlng

2019/08/06 FDPSHEE= . | Fercicie Simlaor

svstem orav.exchanceParticle(dinfo):
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CalcGravity<PS: :SPJMonopole>,
system_grav,
dinfo);
#endif
kick(system grav, dt * 0.5);
n_loop++;
}
#ifdeft ENABLE PHANTOM GRAPE X86
g5 close();
Hengs

PS::Finalize();
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- &4 cold collapse
- ik (Smoothed Particle Hydrodynamics;%) adiabatic sphere collapse
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