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717 7 Ll
npipes = g5_get_number_of_pipelines();
¢ = @; step < final_step; step++) {
g>_open();
g5_set_range(xmin,xmax,mmin);
g5_set_jp(0,n,m,x);

gS_set_epsZ2_to_all(eps*eps);
gS_set_n(n);
C =0; 1 < n; 1 += npipes) {
(1 + npipes > n) npipes = nh - 1;
g5_calculate_force_on_x(x+1,acc+1,pot+i,npipes);

5
g5_close();




(1L =0; 1 < n;
(1 + npipes > n) npipes
gS_calculate_force_on_x(x+1,acc+1,pot+1i,npipes);
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SSE/AVX (1)

 SSE (Streaming SIMD Extensions)

- HUREE 4 W05, tErEIE 2 WA DX 7 bV

—

+ Intel Pentium 112> 5 (19994F)

+ SSEXY):Phantom-GRAPE (Nitadori et al. 2006)

+ AVX (Advanced Vector eXtensions) / AVX?2

. WUREIE 8 AF, EREE A WHID N2 b oL

+ Intel Sandy Bridge?> 5 (20114F), AVX2I!ZIntel Haswell2> 5 (20134

—a

AV X Ii-Phantom-GRAPE (Tanikawa et al. 2012; 2013)



SSE/AVX (2)

- AVXS512

- HARGEE 1 63241, fEAERE 8 WA DX 7 oLt

—

- Intel Knights Landing (4 2 {H{\Xeon Phi)*> ¥ — Y—}k
Intel Skylake?> 5 (2016-20174FUH)

. AVX512X%f)Ji:Phantom-GRAPE (Yoshikawa, Tanikawa 2018)

. Phantom-GRAPE& X 5

» https://bitbucket.org/kohji/phantom-grape/src/master/
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O URYKY FOVZ Kk More Q Search @
B Phantom-GRAPE Kohji Yoshikawa / Untitled project =0
H . .o Phantom-GRAPE 70— DR, o
E % jj?w_‘ : http S ://b lthCket. Org/kOhJ l/phantom-grap e/SrC/maSter/ O VA Phantom-GRAPE implemented with the Advanced Vector eXtension instructions. ¢)
¢ 2wk
13 master v Files +v Filter files Q

Ip I5v7F

kohji-phantom-grape-xxxx.zip Z /& [} —kohji-phantom-grape- v -
XXXX & l/) v>) 5‘\\/{ l/ 7 ]‘ ]) 753\(:‘% % . ;,; AL FS5AY ' 2 = —s

D . PG5 2019-03-29 Declaration of C-binding in pg5_table.h
o Jira issues - PG6 2018-05-11 Document updated
) 7 ]\ ] .o R @ X154 - doc 2018-05-11 Document updated
T4 L ) kohji-phantom-grape-xxxx/PG5/newton/direct/ ——— R o
c - *ﬁ Eﬂ j‘ % B RreaDME 10008 2019-01-11 README correc ted
24 .

Q Search (7]

make :1 7 \/ ]\\\H,,direCt,, k b ) 5 %gfﬁ: 7 7 4 }bﬁi\f\ % % (‘\7-‘2\ B Phantom-GRAPE Kohji Yoshikawa / Untitled project / Phantom-GRAPE
7 4V FFAVXD), o 7orRTE

5 azok @ For large uploads, we recommend using the AP Get instructions
a7 A7 Y 7 Fjobsh (G 1) #1ED, “sbatchjob.sh”2a = b yovak 57 7307

o t AT A Y4 Z K&D 7y FO—K §5vO—K A

Vg ]‘ “5%1']‘@‘ % . © AT URINUESIYO—RTE 5.1MB

CP Deployments T

0 — —\ - R n - n O Jira issues 17 .

N=1024D 77 v —E TV DOME RANGKE S S 2 L — 3 D e 772

B #vvo-—-r

YIITE S, pllkout’lCAF w7 aw b, stderrlogl
0N T5,
job.sh —

./direct init/pllk plilk.out >& stderr.log


https://bitbucket.org/kohji/phantom-grape/src/master/

GRAPEAYAZ A4 7 5V

. ARFGEEI (PGS)

. direct: BT (R[S T 21— 3 VH)

. table: T—7)VEE (FEHBmY I 2L —>a v H)

+ Eia BERK (PG6)
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npipes = g5_get_number_of_pipelines();
(step = 0; step < final_step; step++) {
g5_open();
g5_set_range(xmin,xmax,mmin); «—ig 9
g5_set_jp(@,n,m,x); —g5 set xmj(0,n,x,m);

g5_set_epsZ_to_all(eps*eps); <«—g5 set eps to all(eps);
g5_set_n(n);
(L =0; 1 <n; 1 += npipes) {
(1 + npipes > n) npipes = n - 1;
g5_calculate_force_on_x(x+1,acc+1,pot+1i,npipes);

5
g5_close();
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- #include “gpSutil.h” — #include “gSutil.h”

- NIMAX (JMEMSIZE) — NJIMAX 65536

- g5_set xmj(0,n5,xj,my); — g5_set_jp(0, nj, my, Xj);

- g5 set eps to all(eps); — g5 set eps2 to all(eps™eps);

- ¢0=ke + pe; — e0 = ke - pe;

- ¢ =ke + pe; — ¢ =ke - pe;
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V7 7L v A

. SSEf#f24%: Nitadori et al. (2006, NewA, 12, 169)

. AVXfH;Z%%: Tanikawa et al. (2012, NewA, 17, 82)

5

. AVXHERTZ2 R Tanikawa et al. (2013, NewA, 19, 74)

. AVX-512ff72%% - MEfTZ2%: Yoshikawa, Tanikawa
(2018, RNAAS, 2, 231)

+ %A b https://bitbucket.org/kohji/phantom-grape/src/

master/
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FDPSDHHE 7L

User program

Main routine

— Initialize
— Initial condition i
— Main loop -1
— Domain dccomposition(l » o
— Exchange particles < »| | 3 =
— Calculation of ~ T+ [
interaction < ' P T '

— Time 1ntegration

Iwasawa, Tanikawa, et al. (2016, PASJ, 68, 54)
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Listing 1 shows the complete code which can be actually
compiled and run, not only on a single-core machine but
also massively-parallel, distributed-memory machines such
as the full-node configuration of the K computer. The total
number of lines is only 117.

Licting 1. A ; 1o of Nobody simulati

I

DK

T AT b AT

PC, PC7 7 A%, CPU
A %3 ¥ (CfCA XC507%%
EYTEIEYT 2NiFa— |

pild

\

>

[

B B B B = = b e e b e e e
— -

#include <particle_simulator.hpp>
using namespace PS;

class Nbody{

public:
F64 mass, eps;
F64vec pos, vel, acc;
F64vec getPos() const {return pos;}
F64 getCharge() const {return mass;}
void copyFromFP (const Nbody &in){

mass = in.mass;
pos = in.pos;
eps = in.eps;
}
void copyFromForce (const Nbody &out) {
acc = out.acc;
}
void clear () {
acc = 0.0;
}

void readAscii(FILE #*fp) {
fscanf (fp,
"RLEALELLEALEALEALELLELLE ",
&mass, &eps,

&pos.x, &pos.y, &pos.z,
&vel.x, &vel.y, &vel.z);
}
v redict (F64 dt) {
vel 0.5 * dt) * acc;
pos += dt l;
}

void correct (F64 dt) {
vel += (0.5 * dt) * acc;
}
};

template <class TPJ>
struct CalcGrav{
void operator () (const Nbody * ip,

const o332 ni.,

= e W
O

Al

ot

OO OT O OO S S S

const TPJ * jp,
const S32 nj,
Nbody * force) {
for (832 i=0; i<ni; i++){
F64vec xi = ip[il.pos;
F64 ep2 = ip[i].eps
* ip[i].eps;
F64vec ai = 0.0;
for (832 j=0; j<nj;j++){
F64vec xj jpljl.pos;
F64vec dr xi - xj;
F64 mj = jpl[jl.mass;
F64 dr2 dr * dr + ep2;
F64 dri 1.0 / sqrt(dr2);
ai -= (dri * dri * dri

72
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97

99
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07
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12
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14
15
16
17

56 * mj) * dr;
57 }

58 forcel[i]l.acc += ai;

59 }

60 }

61| 3;

52

63| template<class Tpsys>

64| void predict(Tpsys &p,

65 const F64 dt) {

66 S32 n = p.getNumberOfParticleLocal();
67 for(S32 i = 0; i < n; i++)

68 plil.predict (dt);

69 ¥

70

71| template<class Tpsys>

void correct(Tpsys &p,

const F64 dt) {
S32 n = p.getNumberOfParticleLocal ();
for(S32 i = 0; i < n; i++)
plil.correct(dt);
}
template <class TDI, class TPS, class TTFF >

void calcGravAllAndWriteBack(TDI &dinfo,
TPS &ptcl,
TTFF &tree) {
dinfo.decomposeDomainAll (ptcl);
ptcl.exchangeParticle (dinfo);
tree.calcForceAllAndWriteBack
(CalcGrav<Nbody>(),
CalcGrav<SPJMonopole>(),
ptcl, dinfo);
}

int main(int argc, char *argv[]) {
F32 time = 0.0;
const F32 tend 10.0;
const F32 dtime 1.0 / 128.0;
PS::Initialize(argc, argv);
PS::DomainInfo dinfo;
dinfo.initialize();

3?‘ PS::ParticleSystem<Nbody> ptcl;

ptcl.initialize();
PS::TreeForForceLong <Nbody, Nbody,
Nbody >:: Monopole grav;
grav.initialize (0);
ptcl.readParticleAscii(argv([1]);
calcGravAllAndWriteBack (dinfo,
ptcl,
grav);
while(time < tend) {
predict (ptcl, dtime);
calcGravAllAndWriteBack (dinfo,
ptcl,
grav) ;
correct (ptcl, dtime);
time += dtime;
}
PS::Finalize ();
return 0;
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» https://github.com/FDPS/FDPS/

+ 74 L 7 b VY FDPS/sample/ct++/nbody |2 C++TED
ENA2—FoHd Yy rH D (GPUIZ S SR

. ct+ZcRfortranil 2 Z LX, CFortran CE=720>417-N

Ka—FDOY > NI EDFHIT S (GPUICIZ XIS
LTWuZWwnng)


https://github.com/FDPS/FDPS/
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. & Z 5 https://github.com/FDPS/FDPS/ 7w 71

= FDPS / FDPS  Public [} Notifications % Fork 23

- FDPS-master.zip % | —FDPS-master £ \»9) 74 L 7 N U TE 3,

<> Code () Issues 1 i1 Pull requests 3 (® Actions f Projects 0] wiki @ Security |~ Insigh]s

7 4 L 7 I Y FDPS-master/sample/c++/nbody |89 5  master P 1oranch ©ad ags cowie ([ Avou

Github repository for
Clone ®

fdps-official optimized tree walk. fixed bugs.

. » S
e 1 1 d d lk / 2 & N F % % E) HTTPS GitHub CLI ] Readme
« “module load cuda-toolkit/11.4” ¢ 2 < 1179 |
doc optimized tree walk. fixed bugs. https://github.com/FDPS/FDPS. git n &8 MIT License
. ) N ] ) ) ¢ 62 stars
pikg Tree code in cylindrical coordinate  Use Git or checkout with SVN using the web URL.
M=} % j-‘ ® 24 watching
° Makeﬁle % ;ﬁﬁﬁ % sample optimized tree walk. fixed bugs.
) Open with GitHub Desktop % 23 forks
scripts Tree code in cylindrical coordinate
AN 4 imized t Ik. fixed bugs. ) Download ZIP
— 991199 ~ O) % j— N src optimized tree wa 9
. #use gpu Cllda = YCS O) # 72 {I% a (GPU {%}EH Ve ). Releases 28
tests change directory structure 7 years ago © v71 ( ITQS“
Y .gitignore ~ remove d unnecessar y files 5 months ago on 25 Oct 2021

« NVCC = time $(CUDA HOME)/bin/nvcc -std=c++11 -Xcompiler="-std=c++11 - O wavisym add i cript Jyearsago 27 Teleases

03”Det+11Zc++17ICEHE (2 fFArd 5 D THR)
7972

- make 2 ¥ ¥ F—"nbody.out” £ V) FIT7 7 A VDB TE S (AEEHEITH %030
UNANITTES) |

- FiDEI T a7 AT 7 F(obsh)ZED, “sbatch job.sh” 2~ FTHETT 5,

e N=1024DEHEZENIAS T 2L —> a v TES. resut 74 L7 FYIZAF v
7 ay PR EDRERBPBNIINT w3,

./nbody.out >& stderr.log

- “/nbody.out” — “./nbody.out -N 65536” & 3§~ % & N=65536!C

A

i) 2 ZIEGPUDHEWG DS, OpenMPDOH#E, MPIOHF#EL &
ZEAEDHAGDOE TEETE 5,


https://github.com/FDPS/FDPS/

N=655367 =X —2 3 /
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N (BRI ) SPH (Giant impact)

l5kpC (4.9x10 l}") t= 1022 sec t = 2050 sec

b —
IRE = 6400 km
A

t=0.5 Gyr

t = 2847 sec t =4732 sec

20
x1000 K

Iwasawa, Tanikawa, et al. (2016, PASJ, 68, 54)
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.+ A Y ) )L : Iwasawa, Tanikawa, et al. (2016, PAS]J, 68,
54)

+ Fortran ™ AR © Namekata et al. (2018, PASJ, 70, 70)
+ GPUX)GKR - Iwasawa et al. (2020, PASJ, 72, 13)

< H L < Ehttps://github.com/FDPS/FDPS/
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4 XAGRE L)L S — | A (Makino, Aarseth 1992)

- BN T2 AXRBEIIL S — ML BN 2y —7 70y s/
15+ V) —ik (BRIDGE: Fujii et al. 2007)

FEn T & DHAFEH Z 4 RFGEI)V S — b, BN TED
MAEHZY —7 7 vy 7ik+ ) —ik (P3TiE: Oshino et al.
2011)

. P3ITVE D JFIRZE AR A DILH ¢ PENTACLE (Iwasawa et al.
2017), GPLUM (Ishigaki et al. 2021)
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» KS regularization (Kustaanheimo, Stiefel 1965)

K8 regularization + slow-down method (Mikkola, Aarseth
1996)

- IRF[EI R 772~ =20

» Algorithmic regularization (Mikkola, Tanikawa 1999; Preto,
Tremaine 1999)

» Algorithmic regularization + slow-down method (SDAR:
Wang et al. 2020)



SDAR

» Algorithmic Regularization (Mikkola, Tanikawa 1999; Preto,

Tremaine 1999)

U7V T 4w 7 KRR TE

A LARAT Y 7AHIBET, IREWNYA LARAT Y 7T ASDIAE

» The slow-down method (Mikkola, Aarseth 1996)
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— Particle-particie (direct N-body)

Wang et al. (2020)
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- SSE/BSE (Hurley et al. 2000;
2002)
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. MOBSE (Giacobbo et al. 2018) Hurley et al. (2000)
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+ PeTaR: https://github.com/lwang-astro/PeTar

- SDAR: https://github.com/lwang-astro/SDAR

+ PeTar-master.zip & SDAR-master.zip % f#E i — 7 4 L 7 I V) PeTar-master & SDAR-master?’ TZ 5.,
+ 74 L 7 Y PeTar-master |2 FZ 8]

- “./configure --prefix=INSTALLDIR --with-fdps-prefix=FDPSDIR --with-sdar-prefix=SDARDIR CXX=g++ --enable-
cuda --with-mpi=no --with-simd=avx2” % %17

- INSTALLDIR, FDPSDIR, SDARDIRIZZPeTaR%Z Af v A b —)VF 554 L7 F VY, FDPSDIRIZIZFDPSD & %
T4 L7 FY, SDARDIRIZIZSDARDH BS54 L7 Y ZIEE

+ “—with-mpi=no” CMPI1% % 7, “—with-simd=avx2”7% i H
- [EHEELIZA 7ICLTH B (4 IT L7z UL --with-interrupt=bse” % N 2. 5 )
+ bse — mobse TMOBSE %, bse—bseEmp CBSEEMP % & H A[ g (Z
+ makeA VY F2Fi1795¢&, T4 L7 FVYbuildNIZ petar.omp.avx2.gpu” & W) FEIT 7 7 A VDB TE 5,

- make installZ FEIT T 5 &, T4 L 27 b YVINSTALLDIRIZCPeTaRDET 7 7 A N—ADBA VA =L &N 3,


https://github.com/lwang-astro/PeTar
https://github.com/lwang-astro/SDAR
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job.sh

- PATHIZINSTALLDIR/bindB N

. PYTHONPATH!Z INSTALLDIR/include3& il petar.omp.avxZ2.gpu -n 1024 __Plummer >& stderr.log

. “sbatch job.sh”% FEfT7 5. analysis.sh

- data.0, data.1, ...,data 9% ED AT} v 7 ay FDBIHII N5,

- “sbatch analysis.sh”Z {17 5 LA L7 7 A VIS TE 5, module load anaconda/3
- N ls | egrep | sort -n -k 1.6 > file.lst
- data.corell (3 2 TR EDFEROH D, 1FIH Zxiil, 8FH % yiif petar.data.process file.lst
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+ job.shDFATRED A 7' 2 Tt 5007 § % ET=500F TEHE T
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+ PETAR: Wang et al. (2020, MNRAS, 497, 536)

» https://github.com/lwang-astro/PeTar

- SDAR: Wang et al. (2020, MNRAS, 493, 3398)

» https://github.com/lwang-astro/SDAR
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