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AHiTlE, Framework for Developing Particle Simulator (FDPS) # & U FDPS Fortran
VR =Tz —A OEIZOWTHRS, FDPS Ik F> I alb—Yaryoa— RigHKz2 X
BTAH7LV—LT—2THb, FDPSHFTD DL, Bt I A b DixH K & 7k + M HAEH
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2 A OEREOM AL LY DRIHEER M 2T LB TE 5,
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Ik c 200D 5, KTHEMHBEERAOEEZKEL 2L 2/ HH O, 1 DIZEHERE.
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AfEiTIE, TTIZUHIZ, FDPS B L FDPS Fortran 1 > X — 7 = — A OEIfEEE. &%
BT v T, A VA N=IWEEREZHBL, TD%, YV a— NOfEHGiE%
AT 5, YT a— NOmEIZBE L Tk, RE (84 8i) THLLSBRS,

3.1 BERIR
FDPS & Linux, Mac OS X, Windows 72 & ® OS L THEfE$ 5,

3.2 WERVIIIZT

AHITIZ, FDPS Z{HH T ABUCKREL LY 7 vy 72k 35, F IEUEREEZ H
WADIZRHERY 7 v 2T, IRICIEREEEZ WA DIZHERY 7 v o7 25tk 5,

3.2.1 IEEERERE

AHITIE. FDPS OREMERBED AZHH T AL BERY 7 vy 2T 235k 5, &I
BILFRRSEE D A% FI B 3a M F LRSS 2 FH W WSS 12 ERY 7 Ry = 7 &2
g B, RITHFVLHEEEREZ WS G 8 ICHERY 7 b 2 7 25l 9 5,

3.2.1.1 ZERAIE

BRI DIGEIZHEIRY 7 b7 =2 VI TO#@Y TH 5,

e make

o C++I AT (gee N\—Va VA8 AR OMER, KAy N4 I 3—-Y32120T
B ERERRTY)

e Fortran 2 »/NA Z (Fortran 2003 fE¥#E%2 YK — b U, kil C++23 231 F LM A
FAFRE7ZR B D, gee 4.8.3 LAFED gfortran 75 & fifE5E)

e Python 2.7.5 BA k. &7z1%, Python 3.4 BALE (ZNLMCOIEFEEIXMRTEL 2\, K
(2. Python 2.7 BARTTIZEIEL 72 \)

3.2.1.2 {5

AREiTix, FDPS OWiFALIMEFEZ WA BRIZ R ERY 7 b7 23k 35, £7.
OpenMP Z i 4 BB ERY 7 MU 7, IRIZMPI Z2HT A6 E LY 7 U x
7. ®&IZ OpenMP & MPI Z ERHZHEHAT 2B &Y 7 v 27 Zicibhd 5,
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3.2.1.2.1 OpenMP
OpenMP ZffiH T 2BRICHERY 7 b Y =2 TIZLATFD#E D,
e make

e OpenMP XD C++3 > /81 F (gee version 4.8.3 AR SR, K 2 281 T 38—
Y a v 1.2.0 TEMERERFY)

e OpenMP XfJ&5®D Fortran 32 > 7341 Z (Fortran 2003 f£#E%2 ¥R — b L, Eid C++3 v~
AT EMAERATEEZL® D, gee 4.8.3 PARELR S ffE5E)

e Python 2.7.5 BA k. &7z1%, Python 3.4 BAE (ZNLMCOIEFEEIXMRIEL 2\, K
(2. Python 2.7 BAHTTIZEIEL 72 \)

3.2.1.2.2 MPI
MPI ZfiHT BB ERY 7 v o TIEBLRD@ED,
e make

e MPI version 1.3 X ®D C++3 > 731 Z (Open MPI 1.6.4 TEIERERF, K 22731 F
N— 3 v 1.2.0 CEMEMERRF)

e MPI version 1.3 XfJt® Fortran 3 > /%1 Z (Fortran 2003 f2#% ¥ K — b U, k& C++
IV T EHAEEAREER S D, Open MPI 1.6.4 THEIVEREZRT &)

e Python 2.7.5 Ak, F72i&, Python 3.4 PAE (ZNEMNTOIEEEEIZLREEL L\, R
(2. Python 2.7 BABTTIXENEL 72 \)

3.2.1.2.83 MPI+OpenMP
MPI & OpenMP % [RIRHZ T BRI ERY 7 by =2 TIZBLND#E D,

e make

e MPI version 1.3 & OpenMP {ZXH D C++3 > 734 F (Open MPI 1.6.4 THEIVEMEGRFY,
Kj//\/r7/\"/3/1201%’{?%:“[} )

e MPI version 1.3 & OpenMP (23D Fortran 3 /341 Z (Fortran 2003 £ % ¥R —
MU, B CH+a 81 7 EHEEMFREZR® D, Open MPI 1.6.4 THEIEERR S A )

e Python 2.7.5 Ak, &7z1%, Python 3.4 BAE (Z LM COIEFEEIXMRIALL 2\, K
(2. Python 2.7 BARTTIZEIEL 2 \)
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3.2.2 LARMERE

AHiTlE, FDPS OILEMEZ S H T ARICBERY 7 v 2 7IZDOW\WTikR %, FDPS
DIEIREEHEIZ 1% Particle Mesh 238 %, LA K Tl Particle Mesh Z i3 A2 BRI BB Y 7 k
T RN B,

3.2.2.1 Particle Mesh
Particle Mesh Z 3 2BRICHERY 7 b = 7IIATD@ED TH 5,
e make
e MPI version 1.3 & OpenMP (ZHfJ5®D C++4 2 >34 Z (Open MPI 1.6.4 THEI/ERHEZRF)

e FFTW 3.3 DA%

3.3 AVAM=J

AHiTlx, FDPS 8 X O FDPS Fortran 1 Y X —7 x—Z OA VA M —J)LIZDWTIRAN
5, B AL, BV R AEICODWTIER 3B,

3.3.1 HBEAHZE

Z ZTIXFDPS DG fiiEZ R R 5, WUNIEHF/N— a v OEAS HiE, IRIZEED N —
VavOUlghHIEEIBRR S,

3.3.1.1 ®N—Tav
PR HEDO WA TFDPS OigfiN—Y a VERSTE 5,
o TIUYNS
1. V= 7H% 1 b https://github.com/FDPS/FDPS T”Download ZIP” %2 ) w2 U,
7 7 4 )V FDPS-master.zip # X 7 H— N

2. FDPS Z B L7ZWTF« L2 NVIZBEIL, JFfiT7 71 )V % &5
o IXVRIAUNSL

— Subversion ZfAWVWAEES  LTFOaY Y REEFTALETFAL2Z MY trunkDF
% Subversion VARY MY & U TfHEHATE S

$ svn co --depth empty https://github.com/FDPS/FDPS
$ cd FDPS
$ svn up trunk
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- Gt ZzHWAEE  UFDOax VY REFEFTLIEAV Y T4 LI MVIZT a4 L
2 M) FDPSHATE, ZO T2 Gt OV ARY M) EUTHHETES

[$ git clone git://github.com/FDPS/FDPS.git }

3.3.1.2 BEDNR—Yav
LURDHETT I %05 FDPS Dt EDN—Y a V2B TE S,

e V7Y A b https://github.com/FDPS/FDPS/releases (ZED/N—T 3 VA
TWADT, FBLWA=YarvzEszYy2sL, Xyra—FR

e FDPS Z BB L-WTF a4 LZ MV IZBEIL., FEfE7 7 1 V% EH

3.3.2 AVARMN—IAZE

CH+ STk I N FDPS RMRIEAY X T4 75V EVD 2, configure 7 & %&475
MENXTRN, BARNZET — A TERBER UL, BADY —AT7 74 )% IV IRA )T
BRI A v 7V — FARAZZFRETHIE LV, EBEO TS IEE 34 Hiciid 29~
TN a— K& ZD Makefile 2 ATHL W,

Fortran D&, 3 /84 )VETIZ Fortran ¥V — A7 7 AUV 5 FDPS &L DA VX —T = —
A= REERTDZHEND D, £ DOFMEIFIMAELE doc spec ftn japdf O 6 FIZFLR X N
TWb, KY > 7)a— KD Makefile Tl&, 1 VX —7 z—A3d— ) make I~ NEST
HFIZHBIZAER I NS L5128 ->TWD, I—YWHDD I — KD Makefile % {E 2 KfIZ
T 7N a—RFD Makefile 2551295 Z L 2 H#HET 5,

3.4 HV7INI—RDOERAE

AEITIEY TN a— FOMABEIZDOWTHAT S, o 7 a— FIZIZEN NKY
Ialb—Yayva—KR¢, SPHYIalb—Yayva—Radhb, IEINEKY IaL—
Yayva—R, WIZSPHY I alb—Yaya— Roffifizonwcaiks s, ¥ )a—R
IR EE 2 (L TV,

341 EAN@EYIalL—Y3arvad—R

AKYy 7 )a— KRk, FDPS Fortran 1 X — 7z — A ZHWTE NN BELERAD N
HEHEI—RThb, ZOT—RTIE—RROa— IV Ra5 7AMELZHE L, KT HED
AFy Tay vEHIT S,

BNy X7 7ANVEFITHEINES A TS50 &
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3.4.1.1 #HE
UFROFIETARKI—NE2HHTE S,

e 71 L2 bV $(FDPS)/sample/fortran/nbody (Z#H), ZHLAE, 7« L2 kY $(FDPS)
IZFDPS i LOREED T+ L7 b Y 2459 ($(FDPS) IFEREALIZ 1T > TV,
$(FDPS) |& FDPS OEUFIZ K o THEZ D, 7T 7D 57 5 FDPS-master, Subversion
25786 trunk, Git 25725 FDPS TH %,

e LY T4 L Z MVIZH S Makefile % e
o IX YV NI 1 v ETmake & FEFT
e nbody.out 7 7 1 ILDHEFT

o FEHEDENT
1212 x86 ik Phantom-GRAPE 8 &K O PIKG 2 5 5E I DWW TR S,

3.41.2 T4L M)

T4 L2 NV $(FDPS) /sample/fortran/nbody 2 &S 5,

3.4.1.3 Makefile DiRE

P TNa—=RDFT 4L 27 bJIZIE2 DD Makefile ’H 5, 1 21 GCC HIZE LNz
Makefile TH D, H 5 1 D Intel I 2 /NA T HIZEDNNT Makefile.intel TH D, T I
Tl Makefile IZDWTHFL < fi##i L. Makefile.intel (ZBH U TI3{HH EDOFEE &A% AHi

RETHRRLZDHAET S,

F 9. Makefile DHIHIFREIZDOWTHHT 5, V> 7 Na—FR2a VM NVTBIZH7z->
T, 2 —YDEE TR E Makefile 28I 4 DH 0, Fortran I /31 7 %2KT FC, C++3T
NAT%EKT CXX, TNETND IV INA )V A T 3 > %3KT FCFLAGS, CXXFLAGS TH 5, Z
NS DU EMIFIRD LS TW\Wab:

FC=gfortran

CXX=g++

FCFLAGS = -std=f2003 -03 -ffast-math -funroll-loops -finline-functions
CXXFLAGS = -03 -ffast-math -funroll-loops $(FDPS_INC)

Z ZC., $(FDPS_INC) & FDPS Rik%E 1 > 7 )V — R T 5 72DIZ B A > 7 )V — K PATH ¥
NS NZZEETH Y, Makefile NTHEFATH D, Lizh->T, ZITEHETLIMNE
=AY

kG2 4 DD Makefile ZEDEZ B IZHHE L, make AV Y R 2T THI &L THITT 7
ANVRESNS, OpenMP & MPIL Z{fiH$ 208 5 N TRE[IENEL DS, UARNTZ
NZzHHT 5,
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e OpenMP H MPI & L 72\Wi5HE

— B FCIZ Fortran 2 VN1 2R AT 5
BECXXIZCH+I N1 T2 RAT S

e OpenMP DA DHE

ZFFCIZ OpenMP XD Fortran 3 > /341 7 2R AT %
— ZFCXX 12 OpenMP HedD C++a3 31 72K AT S

— FCFLAGS += -DPARTICLE_SIMULATOR_THREAD_PARALLEL -fopenmp Df7®D 3 X »
NV i

— CXXFLAGS += -DPARTICLE_SIMULATOR_THREAD_PARALLEL -fopenmp DfFO I XY
VA2 I NN
o MPI D AEFHDIGE

— ZFFCIZ MPI X a® Fortran 2 > /31 72U AT 5
— B CXX I MPIXIED C++3 281 T2 AT S
— FCFLAGS += -DPARTICLE_SIMULATOR MPI PARALLEL DfTMD I XY M7 hZAT
— CXXFLAGS += -DPARTICLE_SIMULATOR_MPI_PARALLEL D7D I A Y N7 W %4
+
e OpenMP & MPI D[ R# D55

Z2ELFCIZ MPI X ® Fortran 2 N1 T %2R AT 5

— B CXXIZMPIMRD C++3 1 %2 RAT 3

— FCFLAGS += -DPARTICLE_SIMULATOR_THREAD_PARALLEL -fopenmp Df7®D I X v
T U NEANT

— FCFLAGS += -DPARTICLE_SIMULATOR_MPI_PARALLEL D7D I X > h7 % h%ZAT

— CXXFLAGS += -DPARTICLE SIMULATOR_THREAD PARALLEL -fopenmp Df7MD X YV
F7 D AT

— CXXFLAGS += -DPARTICLE_SIMULATOR_MPI PARALLEL DfTD I XY M7 k&AL
.a—

RIZ, =Y HAK Makefile 2 12— 3 — NCHHT 2551268 2GR 25048 5, 21—
Y- NCHHET 2550 HEDEEL 5 Makefile £2%11%. FDPS_LOC,
SRC_USER_DEFINED_TYPE, SRC_.USER D 3 D Th 5, £3. £FFDPS_LOCZIX, FDPS® kv
754 L2 8V ®DPATH &9 5, A Makefile Tlx, FDPSDY —AF 1 L2 sV D PATH
X Fortran & DA VX —7 x—AI2—RKZ24EKTBHA2Y 7 b PATH %, FDPS (ZBH# 9
HEFEBRBENZ DEBDIEIZRENTHEMIZHEIND LSIZR>TWVWS, L7zd->T,
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I—FILEYNZRET HHBELNDH B, IRIZ, 2 SRC_USER_DEFINED_TYPE, SRC_USER IZ i&,
FNTEh, 2—PEHFERMDPEAR XN/ Fortran 7 7 1V &, I—PFEHBLAN OIS H3E
XN 7= Fortran 7 7 1 V&4 23 5, FDPS @ Fortran 1 VX —7 =z —AJ— Kida1—
Y—a—FDr 7 A (RER) 25k T 2HAP0EKINDEDT, TOHS VRN
7 7 A )V % SRC_USER_DEFINED_TYPE C., i LI# % SRC_USER THEET 5, ZIUI LD, SRC.
USER CHRE L7 7 A VDBEEINTSH FDPS OFI VRS NVFEKE R REDT, TV
NAN - ) v ORELHE < 7%, {HU, SRC_USER_DEFINED_TYPE, B\ &, SRC_USER IZ#%
M N7 (D) 7 7 4 VORIRERIED S 2354, HRIEBIR%E 73V — L % Makefile 12
BRHUARTNIERS R WAIZEZE LU THSE W, 2ok AEICEL TR flxiE, GNU
make DY = a7 IIWVEEFATIHE 2\,

%12, Makefile.intel 29 2 L TOERMIZDWTHIHT 5, ZE DX A
705 1% RE, Makefile.intel D& X Makefile LA UTH D, L7=D > T, 2O
ZA—YHRRHT LB X T LB AEITHETNCEE T IUX, Makefile & [ABRIZH]
FFRETH D, UNICEET S L TORERERZRRS:

o /opt/intel/bin %, FHT AFHEMES AT LIZET 5 Intel T2 841 T DOMMNT 1+ L 2 b
YD PATH IZZAE T 5,

e /opt/intel/include %. Intel 2> NA FIZMETHANY X T 7 A IVEEEZ B L 72T « L
7 MY @D PATH IZEHE S 5,

e Makefile.intel ® LDFLAGS (. -L/opt/intel/lib/intel64 -L/usr/lib64 -lifport
-lifcore -limf -lsvml -1m -lipgo -lirc -lirc.s &> TW\W5,
ZDH®D -1lifcore FAE, C++T VA FTCH+AT V2 b Fortran A 7V x2 b %
VY3 5-bBRETHETY, HRBATLADTA T F VNI, Intel AVRS TD T
A T I VEPERINTOVRWEA, 512, -L/opt/intel/1ib/intel64 -L/usr/1ib64
-lifport -limf -lsvml -1m -lipgo -lirc -lirc.s D kD RIFEVNKETH 5,
Z Z T, /opt/intel/lib/intel64 X, Intel IV NA T DT A 77 ) BB Nz T «
L2 Y@ PATH T, /usr/1ib64 1371 77V libm Z#&#M L 72T « L2 ) @ PATH
Thd, INSEFFHT IR AT AZAEDETEETZ2H8ENH D, a8
WMBIR T AT T VRE(-1%) 1E, Intel IV N1 TDN=Ya UIZL o TEDL SRR D 5
DO THERUTIHEZ 72\,

o AFEE MR} (2016/12/26) T, Intel 2> /%51 7T OpenMP 2 HXCT B4 S a v
l¥-openmp, B\ X, -qopenmp TH 5B, ZHidIntel IV NA TDN—=Y 3 VIZLoTH
RO, KOFLWA=Yaroarv 3 BERMHT S (A& E2MHLUEE. FEIE
FTRDELENH D),

o FIFT BEIERES AT LT X o TlE, -1ifcore DIFEUANDELE HEREEZEL (PATH, CPATH,
LD_LIBRARY PATHS & L C) TREIZATONTVWE I b H D R 5,

%£2)1ipifcore 1. Fortran 7V XA L5414 75V Th 5,
E3)ntel 3284 5 (N—Y 3 > 17.0.0 20160721) 12 B\ THER,
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3.4.1.4 make DEIT

make AYV Y R2FEFTTD, ZD& &, £9 FDPSOD Fortran f Y X —7xz—A7ar <
LADEREI N, TOHB, 1 VR —Tx—AT7ar LYy IVa—RKR—Fizar 1)L
INb,

3.4.1.5 =17
EITHIEILTOED TH 5,

e MPI Z{HHLAWES, IX¥ Y RIA4 Y ETCUTDavxy R2EFT5

[$ ./nbody . out ]

e MPI 294554, A~V RI4 v ETCUTFOax Y R2EFTS

[$ MPIRUN -np NPROC ./nbody.out ]

Z Z°C. MPIRUN (Z|¥ mpirun *> mpiexec 7% ¥ A%, NPROC (ZIX{H T 5 MPI 7ot AD
BHAD,

ELKKTT2L, LFO LS Bu %2113 %, energy error [&MEAHMET 1 x 1073 D
F— L= E > TWE &,

//time: 9.5000000000E+000, energy error: -3.8046534069E-003 )
time: 9.6250000000E+000, energy error: -3.9711750200E-003
time: 9.7500000000E+000, energy error: -3.8223429428E-003
time: 9.8750000000E+000, energy error: -3.8843099298E-003
MemoryPool: :finalize() is completed!
xxxkkkk% FDPS has successfully finished. ¥kkkkkk

N J

3.4.1.6 EROEN

T4 L2 MY result \ZhFaA% HE 1L 727 7 1)L 7snap0000x-proc0000y.dat” H3TC &
TWb, ZZTx XBETRAIZHEL TWD, yIEMPI 7R AHFESE2EKLTE D, MPI
FTURITNILEIZy=0TH 5,

HO7 7407 =<y NME1FIEPSIEICR 7O ID, K FOEE, (MED X, y, z B,
KrDx, y, z8HAAOEETH 5,

ZIZTHEITULEZDIF, KTB1024 85725 —FREK CERE3) Da— LV KaJ TATH 5,
AV RIA Y ETUROaY Y RE2ETTX L9 ITE 5 xy FHITHZ L7k 1
DEERDIENTE S,

15



H &

5 F time=0 - time=3 -

5+ - .

1 1 1

-5 0 5

X
X
X 1

$ cd result
$ cat snap00009-proc* > snap00009.dat
$ gnuplot

> plot "snap00009.dat" using 3:4

DKL DR T 3% 7 ay b g5 &, —RRERBIREEIZINME L., 2DHEE S —EIET %
HreR2ZEMNTE3 (X12R).

K- #0% 10000 2 UCTEHAEZITWZWESIZIE, 7 7 1)V fmain.FOO DH DY 7))L —
F > f main() D/XT A —RXE R ntot & 10000 IZHE L. HE, 3281V U7z ETEGTT
X I,

3.4.1.7 x86 ik Phantom-GRAPE % {E> &

Phantom-GRAPE 1 SIMD #ir43 & R MIHE S 5 & & TEAMBEAEH DR % midic K
17255477 Thb (ML Tanikawa et al.[2012, New Astronomy, 17, 82] & Tanikawa
et al.[2012, New Astronomy, 19, 74] Z ZHD Z &),
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£7. BAHREZMERYT 5. SIMD @ittty b AVX &5 H— b § % Intel CPU £ 713 AMD
CPU Z##H L7722 Ea—RZ2MHL TV 51X, x86 ik Phantom-GRAPE % {# FH 7] §8
Thb,

RIZT 4 L2 bV $(FDPS) /src/phantom_grape_x86/G5/newton/libpgs (ZBE LT, 77
A )V Makefile ZHwEE L. I~ N make %5317 L C Phantom-GRAPE®D 1 75 Y 1ibpg5.a
=E%,

&Iz, 74 L2 bV $(FDPS) /sample/fortran/nbody (ZFR D, 7 7 1 )L Makefile ND
’»#use_phantom grape x86 = yes’’ D’ #’’ %{Hd, make ZEITLTI /31 )LF 5 (OpenMP,
MPI O - AEHES SIZHX)E) &, x86 it Phantom-GRAPE Z{fH L 722 — KT &
TW5, LEFEROGIETET - #ROMAZITO L I SIF L LAKOHERPFSNSD,

Intel Core i5-3210M CPU @ 2.50GHz @ 2 27 TYERET A b (OpenMP f#ifl. MPI R{#i
) % U7zA5 58, B 72808192 D412, Phantom-GRAPE 25 &, b W&z
T, RARTHIGEWIFEEERI -5,

3.4.1.8 PIKG 2#>184

PIKG & DSL( K X 1 VEAFEE) Glidk 2 5 bk 4 27 —F 7 7 F v W md b S - k1
M EER =XV EERTEI—F NV 2 x L —XTH 5.

7 4 L2 bV $(FDPS) /sample/fortran/nbody @ 7 7 A )L Makefile A D
’'#use pikg x86 = yes’’ D’ ’#’’ ZiHT, ZDIRETmake ZEITLTIAUNAIILT S
(OpenMP, MPI O] - AMEHEH SIZHX)IG) &, PIKG o ER S Nz — 3 )V % fliH
U7=%E177 7 A ) nbody.out N TE TS, LEEFEMDOAGETET - #EROMEREZITS &
I XIFCLAKDIERVPESNS,

T 7 4 N TIE, @HE D Fortran 23— KN & A% D reference € — KD EAEH 71— %V
DERRE N 5. Makefile IND#COVERSION_TYPE & Z DEMKIZH D #CXXFLAGS DFTD I A
YETURNERMATE, HIOT—FT 2 F ¥ (AVX2 X AVX-512) [MIFIZa— RZ2 AR TE 5.
AVX2 E— R 25541, FAT S CPUDAVX2 KO FMA IZHIG L TWR Tk 574
V. T HITAVX-512 E— R &S HEICIERAHT 5 CPU Y AVX-512F 3 & TP AVX-512DQ
X U T TR 572200,

342 SPH>YXal—Yarv3d—NK

AKY v 7)) a3 — RIZI3HEHRE SPH ED FDPS #ffi-o THEINTWS, D79, smooth-
ing length [ —EfEZ 5 L{RE L TW5H, I— KT, 3IRICOEBRIEREO YR
AR, EEINENEL2 ERIHET 5,

3.4.2.1 BHE
UFROFIECTARKI—NE2HHTE S,

e 71 L2 V$(FDPS)/sample/fortran/sph (ZF5H)

17
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ALY hT 4 L2 b VIZH D Makefile Z itk (ih)

o IV Y RF AV T make & EST

sph.out 7 7 1 VD FELT ($£iR)

fili R DT (12ih)

3422 Ta4LIMN)FH

7 4 L2 bV $(FDPS) /sample/fortran/sph IZBE T 5,

3.4.2.3 Makefile DiR&E

SPHY Y7 )La—RizH, NERHEOY L a— RogE L EE. GCC & Intel 2 v
NA T I 2 FEEEHD Makefile NFHE I N TWS, FEDOHFIZ, NARGFEOLE LFE—ZD
T, H34.13fHizzRINZ\0,

3.4.2.4 make DE{T

make IV Y R%2FETT S, NHKFHEDEL ZLHEKE., 202 =, £9 FDPS® Fortran 1 >~
R—=T 2 —AT7aT7 T LDPERIN, TDHB, 1V RX—TJz—A7urILHy )N a—
RPR—fEizar 1 ILEhs,

3.4.2.5 =EfT
LT HERLTOEY TH 5,

e MPI Z{FH LA WEE, I~V KIA4 Y ETCUTDax Yy N2EFT 5

[$ ./sph.out )

e MPI 2{fif T 554, A~V RIA4 VYV ETUTFOavw Yy RE2EGFTTS

C$ MPIRUN -np NPROC ./sph.out ]

Z ZC. MPIRUN (Z|¥ mpirun X mpiexec 7% &%, NPROC (ZIXfHH 9 %5 MPI a2 D
BISAD,

EULKRTIBEUTOLI s 2H )17 5,

(******** FDPS has successfully finished. dokkk*xx ]
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3.4.2.6 EROENT

FITTHLT4L I MY result iZ7 7 A ADHIIINT VWS, 771 I)LEIE7snap0000x-
proc0000y.dat” &7 ->T\W5, ZI T, x,y BT, Tz h, K& MPI 7ot A& 5
KT, MPIFETTRWERIZIE, BiZy=0THs, HI770VT7r—<v ME15H
M ONEIZR T D ID, KTOE&E, MEDX, y, z BE, K TOx,y, 2zl G O®HE, ZE, N
HLrNVF¥—, EhHTHS,

AV RIA Y ETUURO <Y R2ETTE, BEENR 70 x L, #eh R 1 D%
JE%& 7my N TE 5 (K 40),

$ cd result

$ cat snap00040-proc* > snap00040.dat
$ gnuplot

> plot "snap00040.dat" using 3:9

ELWERRSNIIE, 20D &5 22T 5,

T T
I -
| 1 ¥
¥ L
Pt Ty #+
i + +
Mo
a
05 L L TITTITRITIIT. S
0 L L L L | L L L L
0 0.5 1

X

2. FEIMETIEDOEA t = 40 128 2 BEN T
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14 47— RORE

AREITIX, BUET (B 3E) TEHA LYY L a— RIZOWTOM#HZ2T S, Bz, 2—¥
PEZELZTNX RS HWIRAET — 28 (D, I —YERBLITXR) X FDPS O &f# API
DFEWHIZDOWTFHLUKIBRS, FHOERZ AT 2720, WS OPOHIFIZEHL T, *
DFMRBARNAEY I 2 —varya—RoHiTcoAMTbhTW\WE, TD7d, SPH &

Ralb—yaviZNCEERSH L2 —FE, NRKYIalb—Yarya—RofilcHZ2ELT
THE7-\,

4.1 NAERYZIalL—yarvad—~R
411 Y—RIT7A4IDIBAREER

Y — A7 74 )ViZ$(FDPS) /sample/fortran/nbody A FiZdH B, H > 7 )La— KNk, X
HCHHT -V ERMITRIN/AY —ZX T — K user_defined.F90 &, NAY Iz
L—=2a VDAL U —TENHRINZZY — A3 — N f_main . FOO SR I NS, 2D
fiiz, GCC & Intel I /341 F H®D Makefile T# % Makefile ¥ Makefile.intel 7°® 3,

4.1.2 1—4H¥—FHFR - 21— EHRFENK

AHiTlZ, FDPS OfREZE AT N KGR 217 OB, 2 —H =250 Uz iy nidze 5w
RETF =X Y TN —F L I2OoNWTIHhRT 3,

4.1.2.1 FullParticle ¢

I—PF—lFa—HFEHEED 1 D FullParticle B % Flik U 7 17 10X 72 572\, FullParticle £
Tk, Y32l =Y avEFTICHIoT, NEE TR o TWARELTOYHELE EN
TW3, Listing 1 (ZAKY > 7))L 3 — RO FullParticle B D524 % 77 ( user defined.F90
= 2H1),

Listing 1: FullParticle %

type, public, bind(c) :: full_particle !$fdps FP,EPI,EPJ,Force
!$fdps copyFromForce full_particle (pot,pot) (acc,acc)
!'$fdps copyFromFP full_particle (id,id) (mass,mass) (pos,pos)
!$fdps clear id=keep, mass=keep, pos=keep, vel=keep
integer (kind=c_long_long) :: id
real (kind=c_double) mass !$fdps charge
type (fdps_f64vec) :: pos !$fdps position
type (fdps_f64vec) :: vel !$fdps velocity
real (kind=c_double) :: pot
type (fdps_f64vec) :: acc

end type full_particle
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FDPS Fortran 1 Y X —7 = — A %Z{fioCa—¥ 31— N2 T 5545, 2—HITIRET—
KRB E D 21— Y EF R (FullParticle #, EssentialParticlel %, EssentialParticle] #, Force
BTN S B 5% FDPS IZHA R ITNIXR SR\, KAV EZ—T 2 —AZHEVWT, ZOHER
1 RET —ZBUZRFE S 7-FERAD IRV P XEMA D Z LITE->TITD (MM, ZOfED 3 A
v M X% FDPS #8RX L IER), AY ¥ 7))L a— KTk, FullParticle #1 5% Essential Particlel
Bl EssentialParticle] 1, Z L T, Force %N T3, ZD7=d, IRET —XIHRTA
TOI—YEFRIMIWNIET S5 LHRTEUTDARXY b X 2GR L TN 5:

[type, public, bind(c) :: full_particle !$fdps FP,EPI,EPJ,Force }

% 7z, FDPS & FullParticle B0 & D A V NEHWVEEXOAEEONEYIEE (L OR T
ACTHMHTHELRIYMHE, Wik, EORFHEIIEVWTREL INIYHE L EH
TE)ITHIRT 200 EH> TWRITNIER SR, ZOHRREEEFSFRADIA Y M
BAUNEBIZRHUTCEHRT S L TT S, SHOHITIE, AV N\ZE# mass, pos, vel V3,
TnTh, B, AE, HEICHET S Z 2% FDPSIZHERT 5720, LR OERXH R
INTNW5S:

real (kind=c_double) :: mass !$fdps charge
type (fdps_f64vec) :: pos !$fdps position
type(fdps_f64vec) :: vel !$fdps velocity

22Uy AUNBEPEETH DI 2R 5 1$fdps velocity I FHREETH V., fER
IR TH B (BT FDPS ORI —UIE L 2V,

FullParticle #13 EssentialParticlel 4, EssentialParticle] %, Force #1 & O TF— X D
B (F—&av—) 2175, 2—VEZ0av—0f%ExRT % FDPS fERXbid Uk
TR S, AV a—RTiE, MFO LS IR LTW5:

'$fdps copyFromForce full_particle (pot,pot) (acc,acc)
!$fdps copyFromFP full_particle (id,id) (mass,mass) (pos,pos)

Z ZT. F—7— I copyFromForce & &L HE/RXIE, Force LD & D A 2324 % FullParticle
BDEDA UNERUZ A —F 2 D0 %45R$ 5 DT, FullParticle B & ISR L2 4ud
BHIBRWHERXTH B, —F. F—7— K copyFromFP | FullParticle &% &5 EssentialParticlel
#lE X O EssentialParticle] BAAND T — X a ¥ —DH: 28R T 5 H DT, EssentialParticlel
il & EssentialParticle] BUZIZ A 5L LR T IER S WHERXTH 5, 4. FullParticle
iz s 2202 TWEZD, 222kl Tnwb,

4. FullParticle &} Force 1 % 34T\ 5%, Force BIZ £ 350 U & lF 1l e & 22\ 45
RXDH 5B, Tk, HEERHFEIIBEWT, BENRDOA UNEREZED L1202V T
TENERERTDAHERXTHS, AV TN a— KT, BENKTHANEE L RTF v
Yy IVDAEOIIVTTEI LR S7D, IROFIFRXZFLRL TWD:

[!$fdps clear id=keep, mass=keep, pos=keep, vel=keep ]
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ZZT, ¥—7Y—F clear DHITER I N72MESL mbr=keep 1&, A U NEE mbr D% Z
HLRWZ L 2R T X TH D,
FDPS fiR X DERDFMIZ DOWTIE, hkE doc_specs_ftn_ja.pdf # TEIHZ 72\,

4.1.2.2 1EEFERAE# calcForceEpEp

a—Y =3k FRMHEAER DML T %2k U 72 M B AEFBIE calcForceEpEp % ftidk U 71y
N7 57\, Y7 )V —F » calcForceEpEp 121, R -k FFH BAE 55 0 BAR 7 A&
ZEMLENRH B, Listing 212, AP > TN a— R TOFEEZ/RT (user_defined.FI0 %
2I7).

=T N

Listing 2: BA#X calcForceEpEp

subroutine calc_gravity_ep_ep(ep_i,n_ip,ep_j,n_jp,f) bind(c)
implicit none

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) :: 1i,j

real(c_double) :: eps2,poti,r3_inv,r_inv

type (fdps_f64vec) :: xi,ai,rij

'x Compute force
eps2 = eps_grav * eps_grav
do i=1,n_ip
xi = ep_i(i)%pos
ai = 0.0d0
poti = 0.0dO0
do j=1,n_jp
rij%hx = xi%x - ep_j(j)hposihx
rij%hy = xi%hy - ep_j(j)%poshy
rijhz = xi%z - ep_j(j)lhposihz

r3_inv = rijhx*rijhx &

+ rijhy*rijhy &

+ rijhz*xrijhz &

+ 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 * rijix
aihy = aifty - r3_inv * rij%y
aifz = ai%z - r3_inv * rijiz
poti = poti - r_inv

! [IMPORTANT NOTE]

In the innermost loop, we use the components of vectors
directly for vector operations because of the following
reasion. Except for intel compilers with ‘-ipo‘ option,
most of Fortran compilers use function calls to perform
vector operations like rij = x - ep_j(j)%pos.

!
!
!
!
!
! This significantly slow downs the speed of the code.
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! By using the components of vector directly, we can avoid
! these function calls.

end do

f(i)%pot = f£(i)%pot + poti

f(i)%hacc = f(i)%acc + ai
end do

end subroutine calc_gravity_ep_ep

AP TN a—RTlE, 70V —F 2 calc_gravityepep & UTEEINTWE, 7
V—F > DIREIEUE, EssentialParticlel DELY, EssentialParticlel D%, EssentialParticle]
DH%. EssentialParticle] DE#, Force B1DOEIFITH 5, AY > 7)) 32— RTik, FullPar-
ticle T RTOZ—YFEFEMZ N T VWS-, 51D T — X AL TN T full_particle
B 7o TV Z LIZHERUTHSE 2\,

4.1.2.3 tHEERBE# calcForceEpSp

2 — Y — [ FR TR T B D A1 % Gk U 72 M BLAE B calcForceEpSp % Fiidt
Ui uid 7 5 7\, calcForceEpSp (21, Rk +HH BEAE A GO BARK 2 NE %2 E <
MBEDRBHY, TN —F & UTEELRITNER S\, Listing 312, A7 a—R
TOHEE%/RT (user defined.F90 %2 ),

Listing 3: BA#X calcForceEpSp

subroutine calc_gravity_ep_sp(ep_i,n_ip,ep_j,n_jp,f) bind(c)
implicit none

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) :: 1i,]

real(c_double) :: eps2,poti,r3_inv,r_inv

type (fdps_f64vec) :: xi,ai,rij

eps2 = eps_grav * eps_grav

do i=1,n_ip
xi = ep_i(i)%pos
ai = 0.0d0
poti = 0.0dO
do j=1,n_jp
rijhx = xi%x - ep_j(j)hposhx
rijhy = xi%y - ep_j(j)hposhy

rijhz = xi%z - ep_j(j)lhposihz
r3_inv = rijh%x*rijix &

+ rijhy*rijhy &

+ rijhz*xrijhz &

+ 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
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ai%x = ai%x - r3_inv * rijix
ailky = aify - r3_inv * rijiy
aif%z = ai%z - r3_inv * rijiz
poti = poti - r_inv

end do

f(i)%pot = £(i)%pot + poti

f(id%acc = f(i)%acc + ai

end do

end subroutine calc_gravity_ep_sp

AP TN a—RTlk, $y 7NV —F >V calc_gravity_epsp & LTEEINTWS, Y7L —
F v DREIEUE, EssentialParticlel DELF, EssentialParticlel OfE%, #ki DHELF, FkL
T DB, Force MDEFITH %, A > 7)) a— KTl FullParticle 23T RTH—H
EHRMZ DT WD, 518D Force Bl full particle & > TWVWBH I LIZEEL T
HE-\W, ZZTHET BN PRI Z OM AR 2ERT 20IEHTY Y —F 7
Y hOMHEEA L TWRITIIXR SR,

4.1.3 OS5 LKE

AEiTlX, FDPS Fortran 1 Y X —7 = —ZXAZHWT N REHEZITHIIIHTZ0, “A AV
V—F 7 f_main() IZEPNEZREY T )IL—F VPRI L T#EHT 5, 22T, A1V
N—F Lo DEDNLVOIL, IROBAEIZKL%: FDPS Fortran f Y X —7 = — A % fifi
HT 5548, 22— a2 —REIBTY 7 )L—F > f main() O P I iFniEe s,
2—HFI— FEEVWEERTDA L Vb= F VR EF RN (A1 Y V—F L iE A VA —T = —
ATAT I LD C++Y —AT—FHNIZH D), LHrL, EERITIFY TNV —F ¥ f_main()
WAL VIIV—F v DI&ENERT-T, TDD, AT AL VI—F "W FEEEH 77,
AL VIN—=F VWS EFERX TRV I—-RNOADOTHBEZLZRTDITHEL TV
5DT, Mg, f_main() Z2A A VIV —F UV EIERILIZT S, AU TINLIA—FRDAAL v
N—F VF f_main.FOO IZEdR I N T W5,

4.1.3.1 fdps_controller A7 ¥V NDERK

FDPS Fortran 1 VX —7 = —AIZEWT, FDPS ® API 139 X T Fortran 2003 D2 7 A
FDPS_controller M A Y N E UCtEI NG, TDIIFRIF, 1 VX =T z—AT0 s
Z LD 1D TH5FDPS_module.FIO DHID, E Y a—) fdpsmodule N TEZEINTWV 5,
U735 T, 2—HIZFDPS ® APl {3 572812, FDPS_controller #iA 7Yz b %
AR LR ITER S5\, RY > 7))L a— KTl FDPS_controller B4 7Y = 7 b fdps_
ctrl Z A A VIV —F U THEBLTWVWS:

Listing 4: fdps_controller B4 7Y = 27 b DA KL

subroutine f_main ()
use fdps_module
implicit none
!'* Local variables

24



1
2
3
4
5
6

H &

type (fdps_controller) :: fdps_ctrl
! Do something

end subroutine f_main

WAL= RIEEBRICY Y IV a—= Np o RERSZITZMOHLZEDTH B Z
CIZHERUTHEZWD,

LR OEHD S, AFOHBIZEWT, FDPS® APIIZZ DA TV 7 hD A VN E
ULCIEFOHINT WS Z EIZEEI N,

4.1.3.2 R\, KT
3%, FDPS OUIHL /B % 1T 5 BELRH D, IRD KL D IZ, A VIV—F ik d 5,

Listing 5: FDPS DBk
call fdps_ctrlips_initialize()

FDPS 1%, BAIE L7z SHIRINIZHE T X3 HELRH B, SEIK. 07T L0 T L I[E
WZFDPS £ KT X8 A7, AAUIL—FVOBmBIZIRD & S 1230h8T 3,

Listing 6: FDPS O#& 7
call fdps_ctrl¥ps_finalize ()

4.1.3.3 #FT7x U MDOERK - F1H1E

FDPS O LIZ I L7256, 2—%—da— FHETHWES ATV 27 b REKT 54
BRbH b, REITIE, A7V 2 bOER/IIEDEHIZDOWTHEGHT 5,

4.1.3.3.1 X7 bDAER

SRR T, RFHA 7Y b SHEIERA 7Y 22 MTMA, EFHEHAOY Y —
ATV bEIEERTD2HEDDH S, Fortran 1 VX —T7 2 — AT, INHA TV
METRTEHREBITEM S N8RS 2 o> TEIET 2, Lz2-oT, 3 #8ES %2
M 2R ERE LI, A7V Na2AElT 5 API 2RO H T HELH 5,
PFRIizZzoa—RN%2Ed, ZNS5EFY 7V 3 —FK f_main.FO0 D A 1 V)b —F VNIZER
INTVW5,

Listing 7: 7Y =2 MDA

subroutine f_main ()
use fdps_module
use user_defined_types
implicit none
!'* Local variables
integer :: psys_num,dinfo_num,tree_num
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!'* Create FDPS objects
call fdps_ctrlcreate_dinfo(dinfo_num)
call fdps_ctrlycreate_psys(psys_num,’full_particle’)
call fdps_ctrlicreate_tree(tree_num, &
"Long ,full_particle,full_particle,
full_particle ,Monopole")

end subroutine f_main

ZTH, EBOYV Y IV A= KPR oFY DT 2EESH L TWAZ LIZHELUTHSE
tu\o
J:C:i?'é_ck ST, WA TV 7 b 2EKT 5 B2 1% FullParticle B2 %69 5 k4
&m%%i%waLTAm®ﬁ&LF¢b%#%5 FkkIZ, YV —FT V27 M
m@w i, VY — O] Z RS XTFH % AP D5 BUZIET HERH B, i APLIZHWT,
IRET —Y 8 ZIINXFETAASINRITNIER S 40,

4.1.8.5.2 fHEBIERA 7Y =27 Ot

I—HF—FA TV b2ERLEZS, FOAXT V7 bOPRLZIT O RERH D, A
ﬁ/7w3—bfiﬂ%%ﬁ#i%hfmamt . FEBFEHA 7Y = 7 b O#IkIE API
init_dinfo Z 57T 7217 Tk :

Listing 8: #Hi&kA 7Y = 7 b oIk

call fdps_ctrl’init_dinfo(dinfo_num,coef_ema)

Z ZT. API init_dinfo D 2 FIEULEIL D ENfHFH X 1 2 158 B8 O SEE bRl
#£9, TOBRBOBERIZOWTIIERHEIZHE L WEH R HLDT, TH56E2BHINT,

4.1.83.8.8 WTHATY o 0wt

W, WTHEA TV 227 bW 21T S BEDRD B, M FHA 7Y 27 b OPI{LIE
API init psys TI79:

Listing 9: Ki 784 7Y = 7 b 0 gIH#A1L

call fdps_ctrl’init_psys (psys_num)

4.1.8.8.4 YVIV—=—AT7v 7 0wt

WIZ, V) —=F 7V bOULEIT S BENH L, V) —F T b OFIHIZ API
init_tree Tfr5, ZDAPLIZIE, 518 LTV V=47V o MNETHEIT BES DK
SXOYMMEERESTBERD L, ZNEE =PV (nloc) BETHATH LD, %
DL kY T 5:
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Listing 10: YV —=A4 7Y =2 s O##4L
call fdps_ctrliinit_tree(tree_num,n_loc,theta, &
n_leaf_limit,n_group_limit)

ZD APLIZIE 3 DDA ATRERI BDFAE L, > IV a— RTINS 2 EKETITHEE
LTW5:
o theta — YV —{ETHDEHEZTH5EDRIAAAIZ DN T DRLHE
e n leaf limit — YV —%YJ2D%XHBH 7D LR
e n group limit — MAMMHY A M2 AT Sk FHD LR

4.1.3.4 HFT—49 DHHE

AR DFREEITI T2DIE, WA TV =7 MR T — X2 AT 208D H 5,
(BEIZ API init_psys CHIHMLIFAD) K F#EA 7Y = 7 Mz, FullParticle B0k -0 7 — &
AT B2k, K TREA 7Y =2 D API set_nptcl_loc & get_psys_fptr 2\ T,
RDESITATS:

Listing 11: K57 — X O gJ#{b

subroutine foo(fdps_ctrl,psys_num)

use fdps_vector

use fdps_module

use user_defined_types

implicit none

type(fdps_controller), intent (IN) :: fdps_ctrl

integer, intent (IN) :: psys_num

!'* Local variables

integer :: i,nptcl_loc
type (full_particle), dimension(:), pointer :: ptcl

'* Set # of local particles
call fdps_ctrliset_nptcl_loc(psys_num,nptcl_loc)

!'* Get the pointer to full particle data
call fdps_ctrliget_psys_fptr(psys_num,ptcl)

!'* Initialize particle data
do i=1,nptcl_loc

ptcl(i)’%pos = ! Do something
end do

!'* Release the pointer
nullify(ptcl)

end subroutine foo

9. RTHA TV 22 MK T T — 22 RET2DICHBERAEY ZHRLRTNERS
"W, TN EFTDIZIE API set nptcl loc ZETTNIE IV, D APLIFfRE I Nk 1
HATYVz7 bou—)Vk 78 (B 70 ADVERT 2R 78) OEZHEL, D, £D
BB Z2MANT 2DIIHE R AT 2HRT 5, KT T — X2 27-0121F, MRS
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NEZAEVDT RUAZEELRITNIEZR SN, ZHZiE API get_psys_fptr 2
5, 7 KLU AiXFortran KA1 VY X TZITWBLENRH L, TD=H, EELDOBITIE, KA1
VEAEUTRDOLSICHELTWS:

[type(full_particle), dimension(:), pointer :: ptcl ]

API get psys fptr iZ &> THRA Y RERE L BIZ. KA VX 2R TESIO X S ITHHT
52 ENARETH D, LOHITIE, MTT—ROBENTE T Lz, RA VX Z2HMAREE
nullify IZ &> THRL TW5,

4.1.3.5 IL—7

AETIE, BBV — TR TibRiTnER SR nWI 2Ii2DoWT, @it s,

4.1.8.5.1 IS B DELT

E9E R TAMICENT, HEBSEEZFEITT S, ATV a— Tk, Tz EigE
WA 7> =2 b®D API decompose_domain all # W TIT> T\ 5:

Listing 12: fHE5 #DFELT
if (mod(num_loop ,4) == 0) then
call fdps_ctrl’decompose_domain_all(dinfo_num,psys_num)
end if

Z 2T, FHEBEOEHNDZD, EBSENFAN—TEBIZ1EZIFITS LD L TWAS,

4.1.8.5.2 KTREDELT

PRI, FHEERICHENT, Ta e AR OR T OEHREZ L#T 5, ThTid, RTHEA 7Y x
27 b @D API exchange particle ZH\%:

Listing 13: R 7R D FELT

call fdps_ctrllexchange_particle(psys_num,dinfo_num)

THIR A E - KRBT U265, MEEHOEEZITS, 2k, Y —A47V s
;@ API calc_force_all and write back ZH\5:

Listing 14: M EAEHFHHE DI T

subroutien f_main ()
use, intrinsic :: iso_c_binding
use user_defined_types
implicit none
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'* Local variables
type(c_funptr) :: pfunc_ep_ep,pfunc_ep_sp

! Do somehting

pfunc_ep_ep = c_funloc(calc_gravity_ep_ep)

pfunc_ep_sp = c_funloc(calc_gravity_ep_sp)

call fdps_ctrl¥%calc_force_all_and_write_back(tree_num,
pfunc_ep_ep,
pfunc_ep_sp,
psys_num,
dinfo_num)

IR

! Do something

end subroutine f_main

Z ZC. API D% 2,3 518U X% calcForceEpEp, calcForceEpSp @ (C 37 KL AEH x
LTO) RS v R eiEET 5, BHD CFEET L A&, Fortran 2003 TEA I N7zl
JABHE ¢ _funloc Zfli> THUR S % (Z OMIAABEIZEY 2 — )V iso_c_binding TR TN
5728, use X\, TOEVa—ILEFHWREIZLTWS), CEiET FLAZKMNT 5
7=®1Zi%, AU < Fortran 2003 TEAI NWZIRAET — X B ¢ funptr OEBABETH 5,
ZDH, AP YT a— RTIE, c_funptr BIZE L U T, pfunc_ep ep & pfunc_ep sp &
HELTWS, ZZIZ, calc_gravity_ep.ep & calc_gravity_epsp P CZFET L A %&H&
ML 7z LT, APLIZJEL T3,

4.1.8.5.4 KRS

AY > TN a— RTlk, KD % Leapfrog R D IEIC & - TH7 5, IRfEIFEM I A
2. K(8H)D(AYK(§)) & F£x b, 22T, ALERMRIA, K() 138 % f5E X /-
ZUIRHEHEEST 2 ARV — &, D() IFMIEZEE S N FE7Z D REHEET 24 XL —X T
b, KV TNa—=RIZBEWT, ITN6DARV =X, TNV —F U kick & ¥ 7L —
Frdrift L LTHEELTWS,

IRV — T OEAI T, BHID D(AL)K(5E) DFHREZIT, KT DR & 8 O 1%
BEHLTW5:

Listing 15: D(AH)K(§H) AL — X D

'* Leapfrog: Kick-Drift

call kick(fdps_ctrl,psys_num,0.5d0*dt)
time_sys = time_sys + dt

call drift(fdps_ctrl,psys_num,dt)

R L — T DIRDIBH TR, DDFHEZTV, TD%k, RED K(§) DM %2175 T
W5

Listing 16: K (&) A XL — X DFH

THC AR THBRINAZT NLABHDOZ L,
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!'x Leapfrog: Kick
call kick(fdps_ctrl,psys_num,0.5d0*dt)

4.1.3.6 HFT—YDEH

FEHTHHLUZkick R drift EOHY TN —F 0T, hTFT—RE2HHFTE-0121F, kT
ATV MBI N T OB FT—RIZT 7 AT B0ENH B, Zhix, F4.1.34
BiCHHA L 72 G IRIXRBRIZIT S

Listing 17: B 77 — X DHEH
subroutine foo(fdps_ctrl,psys_num)
use fdps_vector
use fdps_module
use user_defined_types
implicit none

type (fdps_controller), intent (IN) :: fdps_ctrl
integer, intent (IN) :: psys_num

'* Local variables

integer :: i,nptcl_loc

type (full_particle), dimension(:), pointer :: ptcl

!'x Get # of local particles
nptcl_loc = fdps_ctrlyget_nptcl_loc(psys_num)

'* Get the pointer to full particle data
call fdps_ctrllget_psys_fptr(psys_num,ptcl)

!'* Initialize or update particle data
do i=1,nptcl_loc

ptcl(i)%pos = ! Do something
end do

!*x Release the pointer
nullify(ptcl)

end subroutine foo

API get_psys_fptr 2\, KFHEA TV =7 M SN h 7T —X DT RV A% KA
YREUTRITINS, ZITH-72RA v RITEFE B nptcl loc DR FHEFIE U TIRSHES D
T, — AR EL S AR A 2 BT 9 X K W,

4.1.4 O 774

FEPIEULS BT 5 &, EHEH Iz, B - VX —il1ED 200" hEhs, AT
WX ZOHNOREBEHDATY TTOHTH 5,

Listing 18: ##EH 7 DH
time: 0.0000000000E+000, energy error: -0.0000000000E+000
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4.2 BEEESPHYIal—Y3vad—~R

AEiTIk, BUET (28 3 ffi) THEH U7z, [E%E smoothing length TOEHE SPH LD Y > 7 )L
I— NOFEMIZ DWW TS 5,

421 Y—RIT7A4IDIBAREERK

Y — A7 74 )VIL$(FDPS) /sample/fortran/sph A NiZH B, Vv 7 a— Fid, ki
Tt T 32— EHADFR I N2V — A3 — K user_defined.F90 &, SPH¥ I a2l —
aVvDAL U —TENHREI NV — A3 — K f_nain.FOO h SRR I N5, Z DAz,
GCC & Intel I /31 Z D Makefile T#H b Makefile & Makefile.intel 73 %,

4.2.2 1—Y-—ERE - 1 - EREH

AHEiTlx, FDPS OfEE%R W T SPH OEHHE #2475 BRIZ, 2 —H =25k Ui i
SRWRET — X8I TIL—F Iz DODWTEHRT S,

4.2.2.1 FullParticle &
I—PF—lFa—PFEHRRED 1 D FullParticle B % Fdik U 72 171X 72 572\, FullParticle %4
I3, ¥ Iab—varE{FSEHzo T, SPHEFPR>TWAENESETOYHENE X
N T3, Listing 19 (2A&Y > 7V 3 — R THW S FullParticle Bl O F %4 % /R4 (user_
defined.F90 % &),

Listing 19: FullParticle %!

'x*x*x*x Full particle type
type, public, bind(c) :: full_particle !$fdps FP
!$fdps copyFromForce force_dens (dens,dens)
!$fdps copyFromForce force_hydro (acc,acc) (eng_dot,eng_dot) (dt,dt)

real (kind=c_double) :: mass !$fdps charge
type (fdps_f64vec) :: pos !$fdps position
type (fdps_f64vec) :: vel

type (fdps_£f64vec) :: acc

real (kind=c_double) :: dens

real (kind=c_double) :: eng

real (kind=c_double) :: pres

real (kind=c_double) :: smth !$fdps rsearch
real (kind=c_double) :: snds

real (kind=c_double) :: eng_dot

real (kind=c_double) :: dt

integer (kind=c_long_long) :: id

type (fdps_f64vec) :: vel_half

real (kind=c_double) :: eng_half

end type full_particle
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SPHY Y 7NV a—RFTIEINAKY YT a— RE B D, FullPartice EAMED 2 — Y EH
BiA i D Z i\, Lo T, ZOIRET — X2 FullParticle L TH 5 Z & 2R
72, IROFERXZELIR L TW5:

[type, public, bind(c) :: full_particle !$fdps FP ]

SPHY I alb—yavilB I 2HEERIIERENITH S, TD7-, WEYMHEY UTH
BRI D, R MVEZEOIRTEL G, EDRXA UNEEBRE O REYFEIZNIG L T
BEMDIEZEIRDIBRIXTIT> T\ 5!

real (kind=c_double) :: mass !$fdps charge
type(fdps_f64vec) :: pos !$fdps position
real (kind=c_double) :: smth !$fdps rsearch

NAEYI2Lb—vaya—ROMiThRR7ZE 512, AVNEEDRFHEETHD I L E2IEE
T5F—7— Rvelocity IZFHFETUNR WD, KV > ) a— RRTIHEBEL TRV,

FullParticle #l i Force Bl & DI TTF —X a ¥ — %175, 2 —HIIIERXZH ., FDPSIZ
TR A =D EBZ BRI NE R 500, BidT 25X S5ITARSPHY v 7V a—FiZid2
DO Force AFIET B, UL7zDo T, 2—HFIEENZTND Force BUZK LT, R %
T BRBENRDL, AV TN a—RFTlE, MROLS IR LTWS:

!$fdps copyFromForce force_dens (dens,dens)
!$fdps copyFromForce force_hydro (acc,acc) (eng_dot,eng_dot) (dt,dt)

4.2.2.2 EssentialParticlel &

2 —¥ — % EssentialParticlel % % 5tk U 72 1 11172 5 72\, EssentialParticlel B2 &,
Force DFtEZ1T OB, i KA Do TVWARESLETOYHER A VNEHE U THR->TW5
RBERH D, £72, KRY > 73— R TlL, EssentialParticle] B H A TWB 720, jHi
TR TVWBEIREETOWHES A VAL E L THR>TWARENH 5, Listing 20 12,
AY ¥ 7))V 3 — R D EssentialParticlel B D FE2EH % /R ( user_defined.F90 £):

Listing 20: EssentialParticlel %

!'**x*x*x Essential particle type
type, public, bind(c) :: essential_particle !$fdps EPI,EPJ
!$fdps copyFromFP full_particle (id,id) (pos,pos) (vel,vel) (mass,
mass) (smth,smth) (dens,dens) (pres,pres) (snds,snds)

integer (kind=c_long_long) :: id !$fdps id
type (fdps_£f64vec) :: pos !$fdps position
type (fdps_f64vec) :: vel

real (kind=c_double) :: mass !$fdps charge
real (kind=c_double) :: smth !$fdps rsearch
real (kind=c_double) :: dens

real (kind=c_double) :: pres

real (kind=c_double) :: snds
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end type essential_particle

9. VBRI ZHWT, ZOIRET — X BIH Essential Particlel 5> Essential-
Particle] B Td 5 Z & % FDPS IZE Z T e 57\, AP > 7 a—RTld, MFD &
SIZFEHR LT WS

[type, public, bind(c) :: essential_particle !$fdps EPI,EPJ ]

WIZ, 2—FIZZDORETFT— XD YD X U NEER Y ONEYHEIZHINT 2D % 5T
NIZkoTHRELRITNIER S\, SEIESPHY I ab—Ya v a5 O THERERD
BELRETHE, AV TIVa—RTlE, BT LS 2@k L TWS:

type (fdps_f64vec) :: pos !$fdps position
real (kind=c_double) :: mass !$fdps charge
real (kind=c_double) :: smth !$fdps rsearch

EssentialParticlel # & EssentialParticle] # (% FullParticle #7255 — X 2% JH 5, 2—H
1 FullParticle 81D & D X > N2 % EssentialParticle? ] (7=1,J) DD A U NZEEIZ 2 —
TEDNE, HRXZHAVWTIERET I LERDH S, APV T)Na— Tk, AFD LS IZH
WBLUTWB:

!$fdps copyFromFP full _particle (id,id) (pos,pos) (vel,vel) (mass,mass)
(smth,smth) (dens,dens) (pres,pres) (snds,snds)

4.2.2.3 Force &

I —H — Force B % 53R U 22 17 X7 & 72\, Force 41213, Force DEHA %17 - 72 BRI
ZTOMRELUTHEONILTOYIHEEZ A VANERE L THRH>TWARENRH D, £7/2, K
Yo a— RTld, Force DEMRUTEEOFHHE L A EERHGED 2 OWFHET 57
&, Force Bl 2 DEL BENDH B, Listing 2112, AY > 7 )L a— R THWWS Force LD
FHH % R,

Listing 21: Force 4

'*xxx Force types

type, public, bind(c) :: force_dens !$fdps Force
I$fdps clear smth=keep
real (kind=c_double) :: dens
real (kind=c_double) :: smth

end type force_dens

type, public, bind(c) :: force_hydro !$fdps Force
!'$fdps clear
type (fdps_f64vec) :: acc
real (kind=c_double) :: eng_dot
real (kind=c_double) :: dt

end type force_hydro
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9., 2—HIFINSDOIRET — XD Force L TH B Z L 2RI L->THRET HHE
Nhb, ZOEEHTIX, TNTNOIRET—XEZF LT, AP X328k L TW\W5:

type, public, bind(c) :: force_dens !$fdps Force
type, public, bind(c) :: force_hydro !$fdps Force

I DIRAET — 2B  Force B-TH B0 6. 2—Vidd. HAEMHGREICE T 2HEN
RDAVNEHOWE HIEZBET 2L ENRDH S, APV a— Tk, BEESRTDH
LEE, (EHABIT L) MEHE, TXVF—EEOEIR, HEHLADAZ02Y) TT5
BRE2HLTWS:

!$fdps clear smth=keep
'$fdps clear

ZDHNZHEWT, Force ! force_dens (21, smoothing length % K3 A > NZEH smth AIHE
INTWD, Ak, EEESPH TIL, Force #IZ smoothing length 12X jtnd 6 A VN ZFKi/- &
BRENFIRN, UL, 22T 2= VRERINICHER SPHICBA TS 5 2 & 2@ LTH
BRLUTH5, JZE SPH D formulation @ 1 DT % Springel [2005,MNRAS,364,1105] D 4
ETIE, BEEMA & FRFIZ smoothing length ZF R4 2 06ERH 5, £ D K 572 formulation
ZFIET HGEITIE. ZOHID K 51T, Force BLIZ smoothing length % #7211 6 B EAE U
5 AP TN a— RNTEHEEESPHZ #5720, smthZ2 027 ) 7 INRVEHIZLTW
% (02707 0T 2 EHABEOEEF RIS 5 720),

4.2.2.4 MEFEAREH calcForceEpEp

2 — |3 - B O A 4 % Rk U 7= A ELAEFIBEEK calcForceEpEp % flik L7213
X722 5w, fHEAEFBIE calcForceEpEp 121%. % Force B % it 9 % ki +--bi +AH HAE
RO BRI RN E E HLS BEDH D, Listing 2212, APV TN a— R TOEEEZRT (
user defined.F90 % £,

Listing 22: BH% calcForceEpEp

'****x Interaction function
subroutine calc_density(ep_i,n_ip,ep_j,n_jp,f) bind(c)

integer (kind=c_int), intent(in), value :: n_ip,n_jp

type (essential_particle), dimension(n_ip), intent(in) :: ep_1i
type (essential_particle), dimension(n_jp), intent(in) :: ep_j
type (force_dens), dimension(n_ip), intent(inout) :: f

'* Local variables

integer (kind=c_int) :: i,]

type (fdps_f64vec) :: dr

do i=1,n_ip
f(i)%dens = 0.04d0

do j=1,n_jp
dr%x = ep_j(j)hposhx - ep_i(i)%poshx
dr%y = ep_j(j)hposhy - ep_i(i)%poshy
dr%z = ep_j(j)hposhz - ep_i(i)lposihz
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17 f(i)%dens = f£(i)%dens &

18 + ep_j(j)hmass * W(dr,ep_i(i)%smth)
19 end do

20 end do

21

22 end subroutine calc_density

23

24 !'*xx*x Interaction function

25 subroutine calc_hydro_force(ep_i,n_ip,ep_j,n_jp,f) bind(c)
26 integer (kind=c_int), intent(in), value :: n_ip,n_jp
27 type(essential_particle), dimension(n_ip), intent(in) :: ep_i
28 type (essential_particle), dimension(n_jp), intent(in) :: ep_j
29 type (force_hydro), dimension(n_ip), intent (inout) :: f
30 '* Local parameters

31 real (kind=c_double), parameter :: C_CFL=0.3d0

32 '* Local variables

33 integer (kind=c_int) :: 1i,j

34 real (kind=c_double) :: mass_i,mass_j,smth_i,smth_j, &
35 dens_i ,dens_j ,pres_i,pres_j, &
36 snds_i,snds_j

37 real (kind=c_double) :: povrho2_i,povrho2_j, &

38 v_sig_max,dr_dv,w_ij,v_sig, AV
39 type (fdps_£f64vec) :: pos_i,pos_j,vel_i,vel_j, &

40 dr ,dv,gradW_ij

41

42 do i=1,n_ip

43 '* Zero-clear

44 v_sig_max = 0.0d0

45 !'* Extract i-particle info.

46 pos_i = ep_i(i)%pos

47 vel_i = ep_i(i)%vel

48 mass_i = ep_i(i)’mass

49 smth_i = ep_i(i)%smth

50 dens_i = ep_i(i)%dens

51 pres_i = ep_i(i)%pres

52 snds_i = ep_i(i)%snds

53 povrho2_i = pres_i/(dens_i*dens_1i)

54 do j=1,n_jp

55 '* Extract j-particle info.

56 pos_jhx = ep_j(j)hposihx

57 pos_jhy = ep_j(j)%hposhy

58 pos_j%z = ep_j(j)hposhz

59 vel_j%x = ep_j(jlhvellx

60 vel_jhy = ep_j(j)hvelly

61 vel_j%hz = ep_j(j)hveliz

62 mass_j = ep_j(j)%mass

63 smth_j = ep_j(j)%smth

64 dens_j = ep_j(j)idens

65 pres_j = ep_j(j)ihpres

66 snds_j = ep_j(j)snds

67 povrho2_j = pres_j/(dens_j*dens_j)

68 '* Compute dr & dv

69 dr%x = pos_i%x - pos_jhx

70 dr%y = pos_i%y - pos_jhy

71 dr%z pos_i%z - pos_jhz
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dvix = vel_i%x - vel_jhx
dviy = vel_ihy - vel_jhy
dviz = vel_i%z - vel_jhz

'* Compute the signal velocity
dr_dv = dr'%x * dv%x + dr%y * dviy + drikz * dviz
if (dr_dv < 0.0d0) then

w_ij = dr_dv / sqrt(dr¥%x * dr¥%x + driy * driy + dr%z * dr¥%z

)

else

w_ij =
end if

0.0d0

v_sig = snds_i + snds_j - 3.0d0 * w_ij

v_sig_max = max(v_sig_max, v_sig)

'* Compute the artificial viscosity

AV = - 0.5d0*v_sig*w_ij / (0.5d0*(dens_i+dens_j))

!'* Compute the average of the gradients of kernel

gradW_ij = 0.5d0 * (gradW(dr,smth_i) + gradW(dr,smth_j))
!'* Compute the acceleration and the heating rate
f(i)%acchx = f(i)%acchx - mass_j*(povrho2_i+povrho2_j+AV)x*

gradW_ij%x

f(i)%acchy = £(

i)%acchy - mass_j*(povrho2_i+povrho2_j+AV)*

gradW_ij%y

f(i)%hacchz = £(

i)%acchz - mass_j*(povrho2_i+povrho2_j+AV)*

gradW_ij%z

f(i)%eng_dot =

+
*
end do
f(i)%dt = C_CFL*2.
end do

[IMPORTANT NOTE]
In the innermost
directly for vect
reasion. Except f

vector operations

f(i)%eng_dot &

mass_j * (povrho2_i + 0.5d0*AV) &
(dv%x * gradW_ij%x &

+dviy * gradW_ij%y &

+dviz * gradW_ij%z)

0d0*smth_i/(v_sig_max*kernel_support_radius)
loop,

or operations because of the following
or intel compilers with ‘-ipo‘ optiomn,

we use the components of vectors

like rij = x - ep_j(j)%pos.

This significantly slow downs the speed of the code.

By using the components of vector directly,

]
]
]
!
! most of Fortran compilers use function calls to perform
]
]
!
!

we can avoid

these function calls.

end subroutine calc_hydr

o_force

ARSPHY I alb—Yayad—RTlk 2MHEOHAEIERDH 279D, calcForceEpEp 14 2
DR T BBENDH D, WTNDHHIZE, YTV —F D5 8L, EssentialParticlel D
Fid%]. EssentialParticlel DfE %L, EssentialParticle] OEC%. EssentialParticleJ D%, Force

Hoihltd s,

4.2.3 OS5 LKE

AHiTIE, FDPS ZHHWT SPHEMEZITOBRIZ, A A VIL—F IZEDPNEZRXZEHBUZE

LTS 2 (AXBIZB 2 A

A VN —FVDERIZDVTIE, FH413Hi2S MO L)
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4.2.3.1 fdps_controller ATV MDERK

2 —HIZ FDPS ® API Z{fifH 9 572812, FDPS_controller BiA 7 =2 b &AL 7%
TR S, AP )L a— RTld, FDPS_controller BIF 7Y = 7 b fdps_ctrl % A
A VI—FVTERKRLTWS:

Listing 23: fdps_controller B4 7' = 7 b DA

subroutine f_main ()
use fdps_module
implicit none
'* Local variables
type (fdps_controller) :: fdps_ctrl

! Do something

end subroutine f_main

ZZIZRUZa— NIEEBRIZY Y IV 3= R o BBRIEA7ZITEROHLZEDTHEZ
CIZEBELUTHE 2,

FE A2 S, AFOHHIZEWT, FDPSD APIIZZ DA T Y27 DAV NEHE
ULTIFOHINT WS Z EIZERESI N,

4.2.3.2 FR. KT
31, FDPS O#IHAL /Bl %175 B DB, IRD L DT, A VIV—F V@b T 5,

Listing 24: FDPS D E4A

call fdps_ctrl¥ps_initialize()

FDPS I&, BHA U7 SRR T 82 08BN H 5, Shlid, 70T T L0 T L[HIKF
IZFDPS b T X270, AA VIL—F UV DOBRBIZIRD & S IZHHRT 5,

Listing 25: FDPS O#& 7
call fdps_ctrl%PS_Finalize ()

4.2.3.3 #T7TxU NOERK - F1H1E

FDPS OHIHILIZEKII L7254, 22— —13da—RKRFTHWA A TV 7 s 2EKT %4
Wb b, RETIE, A7V 7 bOER/MIEEDERIZOWT, T 5,
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4.2.3.8.1 X7V DR

SPH T, KiFREA 7V 7 b, SHBIEHRA 7Y =27 MTINA, BEFHFEHIZ Gather 4
ORI Y Y — % 1A, FAERHEEEAGHEAIC Symmetry BLOFEIERE I HY ) —% 1K
HERTHRBRENR DS, ANIZEDI— N2,

Listing 26: A 7Y =7 b D4R

subroutine f_main ()
use fdps_vector
use fdps_module
use user_defined_types
implicit none
!'* Local variables
integer :: psys_num,dinfo_num
integer :: dens_tree_num,hydro_tree_num

!'* Create FDPS objects
call fdps_ctrlicreate_psys(psys_num,’full_particle’)
call fdps_ctrlcreate_dinfo(dinfo_num)
call fdps_ctrlicreate_tree(dens_tree_num, &
"Short ,dens_force,essential_particle,
essential_particle,Gather")
call fdps_ctrlicreate_tree(hydro_tree_num, &
"Short ,hydro_force ,essential_particle,
essential_particle ,Symmetry")

end subroutine f_main

ZITH, EEOY TN a—-RPoFYHR T 2REHLTWS Z LITERLUTHS &
., API create psys & create tree (Zi&, TNZ N, K HHI& YV —FEl %R XF
FZ2EST, INOXFIOHRDITRNTORET —YBRAFIXFTERI B IFNIERS
BRWZ EIERLTIEEZW,

4.2.8.8.2 FHBIEERA 7Y 7 b oL

A—HF—=3EZA TV "EER LS, TOX TV SO EIT S B H D, Z
2Tk, FTHEEBEHRA 7Y 22 MO iz OWT, i#iT B, EEERA TV NO
LD o 725, fHEEHRA 7Y 7 MICHMEROBEHRE, BROKREX 22y bT
LHENRDH L, SEIOY Y TN I—=RTIE, o, vy, 2 HANZEAPERZ2 W5,

Listing 27: SEIgIEHRA 72 = 7 s 0414k
call fdps_ctrl’init_dinfo(dinfo_num,coef_ema)
call fdps_ctrlYset_boundary_condition(dinfo_num,fdps_bc_periodic_xyz)
call fdps_ctrllset_pos_root_domain(dinfo_num,pos_1l1,pos_ul)
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4.2.3.3.3 KT#HA 7Y o ot

R, RTHA TV 27 S OWIEHLEIT S B EDH S, R THEA 7Y =27 b DX,
RO—LTZIFTEW,

Listing 28: R F-#EA 7Y = 27 ~ O#IHAAL

call fdps_ctrl’init_psys (psys_num)

4.2.8.8.4 YV—47Y s bt

WIZ, VY= TV ORI EIT S BER DB, VY —A TV b OREILETT
SEBUCIE, ATV PNETHET BRI S X QUM T BEND B, HIHHE
R — VR T8 (ndoc) RETHATH B0, TOES Ity T 5,

Listing 29: fHEAEAY VY —2 5 A0 W1k

call fdps_ctrl’init_tree(dens_tree_num,n_loc,theta, &
n_leaf_limit,n_group_limit)

call fdps_ctrliinit_tree(hydro_tree_num,n_loc,theta, &
n_leaf_limit ,n_group_limit)

4.2.3.4 IL—7

ATk, REED LV — T OFRTIFDLRITNIER SN2 LIZDWT, f##id 5,

4.2.8.4.1 IS EDEST

I RFOMIENT, SR ZETT 5, T, FIRERA 7Y 22 D API
decompose _domain all Z H\ %,

Listing 30: #HE> & D FET

call fdps_ctrl’decompose_domain_all (dinfo_num,psys_num)

4.2.3.4.2 KifZHDOFEST

RIT, FURERICEEN T, 7ok AFOR 7O #RE T 5, ZHcid, Krfitr 7Yz
27 b @ API exchange particle Zf\5%,

Listing 31: K. 72D AT

call fdps_ctrllexchange_particle(psys_num,dinfo_num)
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4.2.3.4.3 FEMRARO%T

FEI D E] - R T Uz, #HEEHOHEZTS, Zhulik, YU —F4T7V 2
;@D API calc force all and write back ZH\ 5,

Listing 32: M EAEFHFH DI T

1 subroutine f_main()

2 use, intrinsic :: iso_c_binding

3 use user_defined_types

4 implicit none

5 !'* Local variables

6 type(c_funptr) :: pfunc_ep_ep

7

8 ! Do something

9

10 pfunc_ep_ep = c_funloc(calc_density)

11 call fdps_ctrl¥%calc_force_all_and_write_back(tree_num_dens, &
12 pfunc_ep_ep, &
13 psys_num, &
14 dinfo_num)

15 call set_pressure(fdps_ctrl,psys_num)

16 pfunc_ep_ep = c_funloc(calc_hydro_force)

17 call fdps_ctrl%calc_force_all_and_write_back(tree_num_hydro, &
18 pfunc_ep_ep, &
19 psys_num, &
20 dinfo_num)

21

22 ! Do something

23

24 end subroutine f_main

Z 2T, API D% 2 518U IXEEEL calcForceEpEp @ (C S5E7 NL AL LTO) BBUKR 1 ~
RERET B,

4.2.4 3VIRA)L

E¥ET 4L 27 M) Tnake A7 Y K2 TIE LW, Makefile & L TlE, ¥ > 7ILa— Kz
@D Makefile 2 ZT DX EFHWBHHIZT B,

(1 o )

4.2.5 217

MPIZfH LRWTETT 254, Aav Y R I74 Y ETUTOaY Y FEFETTAIEEIN,

[$ ./sph.out ]

HE L. MPIZHWTETT 25, UTDOax Y R2FETTIEX W,
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[$ MPIRUN -np NPROC ./sph.out ]

Z 2. MPIRUN IZ|/¥ mpirun ¥ mpiexec 72 & ® MPI %47 710~ J LA, NPROCIZIX 70t
ABINA B,

426 OJ774)
TR T T B &, result 7ANKX NIRRT N5,

4.2.7 HE1

Z ZTlE. gnuplot Z MW HULD HIEIZDOWTESHT 5, gnuplot THEEE— NIZA
5702, AXY NT74 V95 gnuplot ZEHT 5,

[$ gnuplot ]

HNEHEE— FIZA272 6, gnuplot ZHWTHHMLZTT S, SHNIE, 50FEEHDAF v T ay
N7 7 ANIPS, Bl ER T O x BEEE, Mt 2 BEICH 7277 TR R T b,

[gnuplot> plot "result/snap00050-proc00000.dat" u 3:9 ]

ZIZ T, XF¥ proc DEDEBILIMPI D 70 AHFFE2KT,
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5 4> 7)a—NR

51 N@AYIalL—y3Yv

N Iab—2arvodryFva—RE2TNRT, 20U Y IVIEE 3, 4ficHW:
NEKRYIab—=ya vy FIVa—ReEUEDTHD, TNEHY =AML TO
URANTIE, EFEICEETANMKY I 2L —Yarya—RE2ELZENRTES,

Listing 33: NAA> I a b —>avD¥ > 7)) I — K (user defined.F90)

1 l===============================

21 MODULE: User defined types

3 !|===============================

4 module user_defined_types

5 use, intrinsic :: iso_c_binding

6 use fdps_vector

7 use fdps_super_particle

8 implicit none

9

10 !'* Public variables

11 real (kind=c_double), public :: eps_grav ! gravitational softening
12

13 !'x*x*x*x Full particle type

14 type, public, bind(c) :: full_particle !$fdps FP,EPI,EPJ,Force
15 !$fdps copyFromForce full_particle (pot,pot) (acc,acc)
16 !$fdps copyFromFP full_particle (id,id) (mass,mass) (pos,pos)
17 !$fdps clear id=keep, mass=keep, pos=keep, vel=keep

18 integer (kind=c_long_long) :: id

19 real (kind=c_double) mass !$fdps charge

20 type (fdps_f64vec) :: pos !$fdps position

21 type (fdps_f64vec) :: vel !$fdps velocity

22 real (kind=c_double) :: pot

23 type (fdps_£f64vec) :: acc

24 end type full_particle

25

26 '* The following types are used in PIKG-generated kenrels
27 type, public, bind(c) :: epi_grav

28 type (fdps_£f32vec) :: pos

29 end type epi_grav

30

31 type, public, bind(c) :: epj_grav

32 type (fdps_£f32vec) :: pos

33 real (kind=c_float) :: mass

34 end type epj_grav

35

36 type, public, bind(c) :: force_grav

37 type (fdps_£f32vec) :: acc

38 real (kind=c_float) :: pot

39 end type force_grav

40

41 contains

42

43 !**xx* Interaction function (particle-particle)

44 #if defined (ENABLE_PHANTOM_GRAPE_X86)
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subroutine calc_gravity_ep_ep(ep_i,n_ip,ep_j,n_jp,f) bind(c)
#if defined (PARTICLE_SIMULATOR_THREAD_PARALLEL) && defined (_OPENMP)
use omp_1lib
#endif
use phantom_grape_g5_x86
implicit none

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) :: £
'* Local variables

integer (c_int) :: 1i,]

integer (c_int) :: nipipe,njpipe,devid

real (c_double), dimension(3,n_ip) :: xi,ai

real (c_double), dimension(n_ip) :: pi

real (c_double), dimension(3,n_jp) :: xj

real(c_double), dimension(n_jp) :: mj

nipipe = n_ip

njpipe = n_jp

do i=1,n_ip
xi(1,1i) = ep_i(i)%posihx
xi(2,1i) = ep_i(i)%posihy
xi(3,1) = ep_i(i)%posihz
ai(1,i) = 0.0d0
ai(2,i) = 0.0d0O
ai(3,i) = 0.0d0

pi(i) = 0.0d0
end do
do j=1,n_jp
xj(1,3) = ep_j(j)hpos¥hx
xj(2,3) = ep_j(j)hposhy
xj(3,3) = ep_j(j)hposiz
mj () = ep_j(j)lmass
end do

#if defined (PARTICLE_SIMULATOR_THREAD_PARALLEL) && defined (_OPENMP)

devid = omp_get_thread_num()
! [IMPORTANT NOTE]
! The subroutine calc_gravity_pp is called by a OpenMP thread
! in the FDPS. This means that here is already in the parallel
region.
! So, you can use omp_get_thread_num() without !$0MP parallel
directives.
! If you use them, a nested parallel resions is made and the
gravity
! calculation will not be performed correctly.
#telse
devid = 0
#endif
call gb_set_xmjMC(devid, O, n_jp, xj, mj)
call gb_set_nMC(devid, n_jp)
call gb_calculate_force_on_xMC(devid, xi, ai, pi, n_ip)
do i=1,n_ip
f(i)%acchx = f(i)%acchx + ai(1,i)
f(i)%acchy = f£(i)%acchy + ai(2,1i)
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140
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142

143

144
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147
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f(i)%acchz
f(i)%pot
end do

f(i)%acchz + ai(3,1i)
f(i)%pot - pi(i)

end subroutine calc_gravity_ep_ep

subroutine calc_gravity_ep_sp(ep_i,n_ip,ep_j,n_jp,f) bind(c)
#if defined (PARTICLE_SIMULATOR_THREAD_PARALLEL) && defined (_OPENMP)

use omp_1lib

use phantom_grape_g5_x86
implicit none

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) :: 1i,]

integer (c_int) :: nipipe,njpipe,devid

real (c_double), dimension(3,n_ip) :: xi,ai

real (c_double), dimension(n_ip) :: pi

real (c_double), dimension(3,n_jp) :: xj

real (c_double), dimension(n_jp) :: mj

nipipe = n_ip

njpipe = n_jp

do i=1,n_ip
xi(1,1) = ep_i(i)%posihx
xi(2,i) = ep_i(i)%poshy
xi(3,1i) = ep_i(i)Y%pos¥hz
ai(1,i) = 0.0dO
ai(2,i) = 0.0dO
ai(3,i) = 0.0d0

pi(i) = 0.0d0
end do
do j=1,n_jp
xj(1,3) = ep_j(j)hposihx
xj(2,3) = ep_j(j)hposihy
xj(3,3) = ep_j(j)hposihz
mj () = ep_j(j)lmass
end do

#if defined (PARTICLE_SIMULATOR_THREAD_PARALLEL) && defined (_OPENMP)

devid = omp_get_thread_num()

! [IMPORTANT NOTE]

! The subroutine calc_gravity_psp 1is called by a OpenMP thread

! in the FDPS. This means that here is already in the parallel
region.

! So, you can use omp_get_thread_num() without !$0MP parallel
directives.

! If you use them, a nested parallel resions is made and the
gravity

! calculation will not be performed correctly.

devid = 0

call gb_set_xmjMC(devid, O, n_jp, xj, mj)
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call gb_set_nMC(devid, n_jp)
call gb_calculate_force_on_xMC(devid, xi, ai, pi, n_ip)
do i=1,n_ip

f(i)%acchx = f(i)%acchx + ai(l,1i)
f(i)%acchy = f(i)hacchy + ai(2,1i)
f(i)%acchz = f£(i)%acchz + ai(3,1i)
f(i)%pot = f(i)%pot - pi(i)

end do
end subroutine calc_gravity_ep_sp
#elif defined (ENABLE_PIKG_KERNEL_X86)
subroutine calc_gravity_ep_ep(ep_i,n_ip,ep_j,n_jp,f) bind(c)
use, intrinsic :: iso_c_binding
use pikg_module_ep_ep
implicit none

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) :: 1i,]

type(epi_grav), dimension(n_ip), target :: ep_i_tmp
type(epj_grav), dimension(n_jp), target :: ep_j_tmp

type (force_grav), dimension(n_ip), target :: f_tmp

if (n_ip > 0) then
do i=1,n_ip
ep_i_tmp(i)Yposhx = ep_i(i)%pos¥hx - ep_i(1)%poshx
ep_i_tmp (i) %posiy ep_i(i)%poshy - ep_i(1)%poshy
ep_i_tmp (i)J%posihz ep_i(i)%poshz - ep_i(1l)Y%posihz
f_tmp(i)hacchx =
f_tmp (i) %acchy
f_tmp (i) %acchz
f_tmp (i) %pot
end do
do j=1,n_jp
ep_j_tmp (j)lhposhx
ep_j_tmp (j)hposiy
ep_j_tmp (j)%posthz
ep_j_tmp (j)Ymass
end do
call pikg_calc_grav_ep_ep(c_loc(ep_i_tmp), n_ip, &
c_loc(ep_j_tmp), n_jp, &
c_loc(f_tmp))

O O O O
O O O O

ep_j(jl)hposhx - ep_i(1l)%poshx
ep_j (j)%hposhy - ep_i(1)%posiy
ep_j(j)hposhz - ep_i(1)%posthz
ep_j (j)%mass

do i=1,n_ip

f(i)%acchx = f(i)%acchx + f_tmp(i)¥%acchx
f(i)%acchy = f(idhacchy + f_tmp(i)hacchy
f(i)%acchz = f(id)%acchz + f_tmp(i)Yaccihz
f(i)%pot = f(i)%pot + f_tmp (i) %pot
end do
end if

end subroutine calc_gravity_ep_ep

subroutine calc_gravity_ep_sp(ep_i,n_ip,ep_j,n_jp,f) bind(c)
use, intrinsic :: iso_c_binding
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use pikg_module_ep_ep
implicit none

integer (c_int), intent(in)
type (full_particle),
type (fdps_spj_monopole),
type (full_particle),
'* Local variables
integer (c_int)
type (epi_grav), dimension(
type (epj_grav), dimension(
type(force_grav), dimensio

i,j

if (n_ip > 0) then

do i=1,n_ip
ep_i_tmp (i) %posix
ep_i_tmp (i) %posihy
ep_i_tmp (i) %posiz
f_tmp (i) %acchx
f_tmp (i) %acchy
f_tmp (i)%acchz
f_tmp (i) ¥%pot

end do

do j=1,n_jp
ep_j_tmp (j)hposhx =
ep_j_tmp (j)hposhy
ep_j_tmp (j)%posthz
ep_j_tmp (j)%mass

end do

call pikg_calc_grav_ep_

nnn
o O O O
s e e [ |
o O O O

do i=1,n_ip

f(i)%acchx = f(i)%ac
f(i)%acchy = f£(i)%ac
f(i)%acchz = £(i)%ac
f(i)%pot = f(i)%po
end do
end if

end subroutine calc_gravity_e
#else

subroutine calc_gravity_ep_ep
implicit none
integer (c_int), intent(in)
type (full_particle),
type (full_particle),
type (full_particle),
!'* Local variables

integer (c_int) i,]
real (c_double) eps2,pot
type (fdps_£f64vec) xi,ai

'* Compute force
eps2 =
do i=1,n_ip

dimension(n_ip),

eps_grav * eps_grav

, value n_ip,n_jp

intent (in) ep_i
dimension(n_jp), intent (in) ep_j
dimension(n_ip), intent (inout) :: f

n_ip), target ep_i_tmp
n_jp), target ep_j_tmp
n(n_ip), target f_tmp

ep_1i(1)%poshx
ep_1i(1)%poshy
ep_i(1)%posihz

ep_i(i)%poshx -
ep_i(i)%poshy -
ep_i(i)%poshz -

ep_i (1) %posihx
ep_i(1)%poshy
ep_i(1)%poshz

ep_j(j)hposhx -
ep_j(j)hposhy -
ep_j(j)hposhz -
ep_j (j)%mass

ep(c_loc(ep_i_tmp), n_ip, &
c_loc(ep_j_tmp), n_jp, &
c_loc(f_tmp))

chx + f_tmp(i)acchx
chy + f_tmp(i)hacchy
chz + f_tmp(i)iacchz
t + f_tmp(i)Y%pot
p-sp

(ep_i,n_ip,ep_j,n_jp,f) bind(c)

, value n_ip,n_jp

dimension(n_ip), intent (in) ep_1i
dimension(n_jp), intent (in) ep_j
dimension(n_ip), intent (inout) :: £

i,r3_inv,r_inv
,rij
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259 xi = ep_i(i)Y%pos

260 ai = 0.0d0

261 poti = 0.0d0

262 do j=1,n_jp

263 rijhx = xi%x - ep_j(j)hposhx

264 rij%y = xihy - ep_j(j)hposhy

265 rijhz = xi%z - ep_j(j)hposhz

266 r3_inv = rijhx*rijihx &

267 + rijhy*rijhy &

268 + rijlhzxrijhz &

269 + eps2

270 r_inv = 1.0d0/sqrt(r3_inv)

271 r3_inv = r_inv * r_inv

272 r_inv = r_inv * ep_j(j)%mass

273 r3_inv = r3_inv * r_inv

274 aifx = ai%x - r3_inv * riji%x

275 ai%y = ai%y - r3_inv * rij%y

276 aiz = ai%z - r3_inv * rij%z

277 poti = poti - r_inv

278 ! [IMPORTANT NOTE]

279 ! In the innermost loop, we use the components of vectors
280 ! directly for vector operations because of the following
281 ! reasion. Except for intel compilers with ‘-ipo‘ option,
282 ! most of Fortran compilers use function calls to perform
283 ! vector operations like rij = x - ep_j(j)%pos.

284 ! This significantly slow downs the speed of the code.
285 ! By using the components of vector directly, we can avoid
286 ! these function calls.

287 end do

288 f(i)%pot = £(i)%pot + poti

289 f(i)hacc = f£(i)%acc + ai

290 end do

291

292 end subroutine calc_gravity_ep_ep

293

294 !'**xx*% Interaction function (particle-super particle)

295 subroutine calc_gravity_ep_sp(ep_i,n_ip,ep_j,n_jp,f) bind(c)

296 implicit none

297 integer (c_int), intent(in), value :: n_ip,n_jp

298 type (full_particle), dimension(n_ip), intent(in) :: ep_i

299 type (fdps_spj_monopole), dimension(n_jp), intent(in) :: ep_j
300 type (full_particle), dimension(n_ip), intent(inout) :: f

301 '* Local variables

302 integer (c_int) :: 1i,j

303 real (c_double) :: eps2,poti,r3_inv,r_inv

304 type (fdps_£f64vec) :: xi,ai,rij

305

306 eps2 = eps_grav * eps_grav

307 do i=1,n_ip

308 xi = ep_i(i)Jpos

309 ai = 0.0d0

310 poti = 0.0d0

311 do j=1,n_jp

312 rij%x = xi%x - ep_j(j)hposix

313 rijhy = xi%y - ep_j(j)%poshy
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rijhz = xi%z - ep_j(j)lhposhz

r3_inv rijhx*rijhx &

+ rijhy*rijhy &
+ rijhzxrijhz &
+ 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
aifx = ai%x - r3_inv * riji%x
aily = ai%y - r3_inv * rijiy
aikz = 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_ep_sp
#endif

end module user_defined_types

Listing 34: Nk Ial—Y 3 vO¥ > 7)) 3— K (f main.F90)
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subroutine f_main ()
use fdps_module

#if defined (ENABLE_PHANTOM_GRAPE_X86)

use phantom_grape_gb_x86
#endif
#if defined (ENABLE_PIKG_KERNEL_X86)
use pikg_module_ep_ep
#endif
use user_defined_types
implicit none
!'*x Local parameters

integer , parameter :: n_tot=2%x%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 = 1.0d40/8.0d0
double precision, parameter :: dt_smap = 1.0d40

'* Local variables

integer :: i,j,k,num_loop,ierr

integer :: psys_num,dinfo_num,tree_num

integer :: n_loc

logical :: clear
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double precision :: ekinO,epotO,etotO

double precision :: ekinl,epotl,etotl

double precision :: time_diag,time_snap,time_sys
double precision :: r,acc

real(c_float) :: eps2

type (fdps_controller) :: fdps_ctrl

type (full_particle), dimension(:), pointer :: ptcl
type(c_funptr) :: pfunc_ep_ep,pfunc_ep_sp

1-(10)

character(len=64) :: fname

integer (c_int) :: np

!'* Initialize FDPS
call fdps_ctrl)%PS_Initialize()

'* Create domain info object
call fdps_ctrlcreate_dinfo(dinfo_num)
call fdps_ctrl%init_dinfo(dinfo_num,coef_ema)

!'* Create particle system object
call fdps_ctrllcreate_psys(psys_num,’full_particle’)
call fdps_ctrl’init_psys(psys_num)

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

!'* Domain decomposition and exchange particle

call fdps_ctrl’decompose_domain_all (dinfo_num,psys_num)
call fdps_ctrlexchange_particle(psys_num,dinfo_num)
n_loc = fdps_ctrliget_nptcl_loc(psys_num)

'* Create tree object
call fdps_ctrlicreate_tree(tree_num, &
"Long,full_particle,full_particle,
full_particle ,Monopole")
call fdps_ctrl%init_tree(tree_num,n_loc,theta, &
n_leaf_limit,n_group_limit)

#if defined (ENABLE_PHANTOM_GRAPE_X86)

call g5_open()
call gb_set_eps_to_all(eps_grav);

#elif defined (ENABLE_PIKG_KERNEL_X86)

#endif

eps2 = eps_grav * eps_grav
call pikg_calc_grav_ep_ep_initialize (eps2)
'* Compute force at the initial time
pfunc_ep_ep = c_funloc(calc_gravity_ep_ep)
pfunc_ep_sp = c_funloc(calc_gravity_ep_sp)
call fdps_ctrl¥calc_force_all_and_write_back(tree_num, &
pfunc_ep_ep, &
pfunc_ep_sp, &
psys_num, &
dinfo_num)
!'* Compute energies at the initial time
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clear = .true.
call calc_energy(fdps_ctrl ,psys_num,etot0,ekin0,epot0,clear)

!'* Time integration
time_diag = 0.0dO0
time_snap = 0.0d0
time_sys 0.040
num_loop = 0

do

'* Qutput
lif (fdps_ctrliget_rank() == 0) then
! write (*,50)num_loop,time_sys
! 50 format (’(num_loop, time_sys) = ’,i5,1x,1es25.16e3)
lend 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,etotl,ekinl,epotl,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, (etotl-etot0)/etotO
100 format("time:_ " ,1es20.10e3,", energy_ error: " ,1es20.10e3)
time_diag = time_diag + dt_diag

end if

end if

!'* 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_ep_ep)

pfunc_ep_sp = c_funloc(calc_gravity_ep_sp)

call fdps_ctrllcalc_force_all_and_write_back(tree_num,
pfunc_ep_ep,
pfunc_ep_sp,
psys_num,
dinfo_num)

L5 S S

!'* Leapfrog: Kick
call kick(fdps_ctrl,psys_num,0.5d0*dt)
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!'x Update num_loop
num_loop = num_loop + 1

I Termination
if (time_sys >= time_end) then
exit
end if
end do

#if defined (ENABLE_PHANTOM_GRAPE_X86)
call gb_close()
#endif

'* Finalize FDPS
call fdps_ctrl¥%PS_Finalize ()

end subroutine f_main
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subroutine setup_IC(fdps_ctrl,psys_num,nptcl_glb)
use fdps_vector
use fdps_module
use user_defined_types
implicit none
type (fdps_controller), intent (IN) :: fdps_ctrl
integer, intent (IN) :: psys_num,nptcl_glb
!'* Local parameters
double precision, parameter :: m_tot=1.0d0
double precision, parameter :: rmax=3.0d0,r2max=rmax*rmax
'* Local variables
integer :: i,j,k,ierr
integer :: nprocs,myrank
double precision :: r2,cm_mass
type (fdps_f64vec) :: cm_pos,cm_vel,pos
type (full_particle), dimension(:), pointer :: ptcl
character(len=64) :: fname

!'* Get # of MPI processes and rank number
nprocs = fdps_ctrliget_num_procs ()
myrank = fdps_ctrliget_rank()

'* Make an initial condition at RANK O
if (myrank == 0) then
'* Set # of local particles
call fdps_ctrl’set_nptcl_loc(psys_num,nptcl_glb)

!* Create an uniform sphere of particles
'*x get the pointer to full particle data
call fdps_ctrll%get_psys_fptr(psys_num,ptcl)
'**x initialize Mersenne twister

call fdps_ctrl%MT_init_genrand (0)

do i=1,nptcl_glb
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ptcl(i)¥%id
ptcl(i)¥%mass

i
m_tot/nptcl_glb

do
ptcl(i)%pos¥hx = (2.0d0*fdps_ctrl%MT_genrand_resb53()-1.0d0) *
rmax
ptcl(i)poshy = (2.0d0*fdps_ctrl)MT_genrand_res53()-1.0d0) x*
rmax
ptcl(i)pos¥hz = (2.0d0*fdps_ctrl%MT_genrand_resb53()-1.0d0) *
rmax

r2 = ptcl(i)%posx*xptcl(i)%pos
if ( r2 < r2max ) exit
end do
ptcl(i)%vel = 0.0d0
end do

I Correction

cm_pos = 0.0d0

cm_vel = 0.0d0

cm_mass = 0.0d0

do i=1,nptcl_glb
Cm_pos = Cm_pos + ptcl(i)’%mass * ptcl(i)’pos
cm_vel = cm_vel + ptcl(i)¥mass * ptcl(i)ivel
cm_mass = cm_mass + ptcl(i)%mass

end do

cm_pos = cm_pos/cm_mass

cm_vel = cm_vel/cm_mass

do i=1,nptcl_glb
ptcl(i)%pos = ptcl(i)%pos - cm_pos
ptcl(i)%vel ptcl(i)%vel - cm_vel
end do

'* Qutput
fname = ’initial.dat’
open(unit=9,file=trim(fname) ,action=’write’,status=’replace’, &
form=’unformatted’,access=’stream’)
open(unit=9,file=trim(fname) ,action=’write’,status=’replace’)
do i=1,nptcl_glb
lwrite (9) ptcl(i)%poshx,ptcl(i)poshy,ptcl(i)%posthz
write(9,°(3es25.16e3) ’)ptcl(i)’poshx,ptcl(i)%poshy,ptcl(i)’pos
%z
end do
close(unit=9)

!* Release the pointer
nullify( ptcl )

else

call fdps_ctrl¥set_nptcl_loc(psys_num,O0)

end if

!'* Set the gravitational softening
eps_grav = 1.0d40/32.0d0

end subroutine setup_IC
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250 subroutine kick(fdps_ctrl,psys_num,dt)

251 use fdps_vector

252 use fdps_module

253 use user_defined_types

254 implicit none

255 type (fdps_controller), intent(IN) :: fdps_ctrl

256 integer, intent(IN) :: psys_num

257 double precision, intent (IN) :: dt

258 '* Local variables

259 integer :: i,nptcl_loc

260 type (full_particle), dimension(:), pointer :: ptcl

261

262 !'x Get # of local particles

263 nptcl_loc = fdps_ctrlyget_nptcl_loc(psys_num)

264

265 '* Get the pointer to full particle data

266 call fdps_ctrllget_psys_fptr(psys_num,ptcl)

267 do i=1,nptcl_loc

268 ptcl(i)%vel = ptcl(i)%vel + ptcl(i)iacc * dt

269 end do

270 nullify(ptcl)

271

272 end subroutine kick

273

274 ! -—- - — - -
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277 | e
278 subroutine drift(fdps_ctrl,psys_num,dt)

279 use fdps_vector

280 use fdps_module

281 use user_defined_types

282 implicit none

283 type (fdps_controller), intent(IN) :: fdps_ctrl
284 integer, intent (IN) :: psys_num

285 double precision, intent(IN) :: dt

286 '* Local variables

287 integer :: i,nptcl_loc

288 type (full_particle), dimension(:), pointer :: ptcl
289

290 !'x Get # of local particles

2901 nptcl_loc = fdps_ctrlyget_nptcl_loc(psys_num)
292

293 !'* Get the pointer to full particle data

294 call fdps_ctrllget_psys_fptr(psys_num,ptcl)
295 do i=1,nptcl_loc

296 ptcl(i)¥%pos = ptcl(i)¥%pos + ptcl(i)lvel * dt
297 end do

298 nullify(ptcl)

299

300 end subroutine drift
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subroutine calc_energy(fdps_ctrl,psys_num,etot,ekin,epot,clear)
use fdps_vector
use fdps_module
use user_defined_types
implicit none

type (fdps_controller), intent (IN) :: fdps_ctrl
integer, intent (IN) :: psys_num

double precision, intent (INOUT) :: etot,ekin,epot
logical, intent(IN) :: clear

'* Local variables

integer :: i,nptcl_loc

double precision :: etot_loc,ekin_loc,epot_loc
type (full_particle), dimension(:), pointer :: ptcl

!'* Clear energies

if (clear .eqv. .true.) then
etot = 0.0d0
ekin = 0.0dO
epot 0.0d0

end if

!'x Get # of local particles
nptcl_loc = fdps_ctrlyget_nptcl_loc(psys_num)
call fdps_ctrliget_psys_fptr(psys_num,ptcl)

'* Compute energies
ekin_loc = 0.0dO
epot_loc 0.04d0
do i=1,nptcl_loc
ekin_loc = ekin_loc + ptcl(i)¥%mass * ptcl(i)¥%vel * ptcl(i)ivel
epot_loc = epot_loc + ptcl(i)¥%mass * (ptcl(i)’pot + ptcl(i)%mass/
eps_grav)

end do

ekin_loc ekin_loc * 0.5d0

epot_loc = epot_loc * 0.5d0

etot_loc ekin_loc + epot_loc

call fdps_ctrliget_sum(ekin_loc,ekin)
call fdps_ctrliget_sum(epot_loc,epot)
call fdps_ctrliget_sum(etot_loc,etot)

!'* Release the pointer
nullify(ptcl)

end subroutine calc_energy

NE /)71 7777777777777777
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subroutine output(fdps_ctrl,psys_num)
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use fdps_vector

use fdps_module

use user_defined_types
implicit none

type (fdps_controller), intent(IN) :: fdps_ctrl
integer, intent(IN) :: psys_num

!'* Local parameters

character (len=16) , parameter :: root_dir="result"
character(len=16) , parameter :: file_prefix_1st="snap"
character(len=16), parameter :: file_prefix_2nd="proc"
!'* Local variables

integer :: i,nptcl_loc

integer :: myrank

character(len=5) :: file_num,proc_num

character (len=64) :: cmd,sub_dir, fname

type (full_particle), dimension(:), pointer :: ptcl

'* Static variables

integer, save :: snap_num=0

'* Get the rank number
myrank = fdps_ctrliget_rank()

!'x Get # of local particles
nptcl_loc = fdps_ctrlyget_nptcl_loc(psys_num)

!'* Get the pointer to full particle data
call fdps_ctrllget_psys_fptr(psys_num,ptcl)

!'* Output
write(file_num," (i5.5) ") snap_num
write(proc_num," (i5.5) ")myrank
fname = trim(root_dir) // "/" &
// trim(file_prefix_1st) // file_num // "-" &
// trim(file_prefix_2nd) // proc_num // ".dat"
open(unit=9,file=trim(fname) ,action=’write’,status=’replace’)
do i=1,nptcl_loc
write (9,100) ptcl(i)¥%id,ptcl(i)%mass, &
ptcl(i)¥poshx,ptcl(i)%poshy,ptcl(i)posihz, &
ptcl (i) %vel¥%x,ptcl(i)%velly,ptcl(i)%vellz
100 format (i8,1x,7e25.16e3)
end do
close(unit=9)
nullify(ptcl)

!'* Update snap_num
snap_num = snap_num + 1

402 end subroutine output

5.2 BEERSPHYIal—Y3v

FEEESPHY I al—Yavody FLa— REMFIIRT, 2OV Y FVIEES3, 4 i

THWEZEEESPHY I 2ab—ya vy La—ReFEUBDTHS, Zhzhiy M

55



H &

NR=ZPLTary 1T EFIZEETIEEESPHY I alb—Yaya—RN2E
HIEMTE3,

Listing 35: &R SPH Y Ialb—Y3>vDH¥ > 7)) I — K (user_defined.F90)

1l l===============================-=

21 MODULE: User defined types

3 !|================================

4 module user_defined_types

5 use, intrinsic :: iso_c_binding

6 use fdps_vector

7 implicit none

8

9 !'* Private parameters

10 real (kind=c_double), parameter, private :: pi=datan(1.0d0)*4.0d0
11 !'* Public parameters

12 real (kind=c_double), parameter, public :: kernel_support_radius=2.5d0
13

14 !'**x*x*x Force types

15 type, public, bind(c) :: force_dens !$fdps Force

16 !'$fdps clear smth=keep

17 real (kind=c_double) :: dens

18 real (kind=c_double) :: smth

19 end type force_dens

20

21 type, public, bind(c) :: force_hydro !$fdps Force

22 I$fdps clear

23 type (fdps_£f64vec) :: acc

24 real (kind=c_double) :: eng_dot

25 real (kind=c_double) :: dt

26 end type force_hydro

27

28 I'x*x*x*x Full particle type

29 type, public, bind(c) :: full_particle !$fdps FP

30 !$fdps copyFromForce force_dens (dens,dens)

31 !$fdps copyFromForce force_hydro (acc,acc) (eng_dot,eng_dot) (dt,dt)
32 real (kind=c_double) :: mass !$fdps charge

33 type (fdps_£f64vec) :: pos !$fdps position

34 type (fdps_£f64vec) :: vel

35 type (fdps_£f64vec) :: acc

36 real (kind=c_double) :: dens

37 real (kind=c_double) :: eng

38 real (kind=c_double) :: pres

39 real (kind=c_double) :: smth !$fdps rsearch
40 real (kind=c_double) :: snds
41 real (kind=c_double) :: eng_dot
42 real (kind=c_double) :: dt
43 integer (kind=c_long_long) :: id
44 type (fdps_£f64vec) :: vel_half
45 real (kind=c_double) :: eng_half
46 end type full_particle
47
48 !'xxxx Essential particle type
49 type, public, bind(c) :: essential_particle !$fdps EPI,EPJ
50 !$fdps copyFromFP full_particle (id,id) (pos,pos) (vel,vel) (mass,

mass) (smth,smth) (dens,dens) (pres,pres) (snds,snds)
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integer (kind=c_long_long)

type (fdps_£f64vec)

type (fdps_£f64vec)

real (kind=c_double)
real (kind=c_double)
real (kind=c_double)
real (kind=c_double)
real (kind=c_double)

end type essential_parti

!'x Public routines

vel
mass
smth
dens
pres

: snds

cle

public :: W

public :: gradW

public calc_density
public calc_hydro_force
contains

pure function W(dr,h)
implicit none
real (kind=c_double)
type (fdps_£f64vec),
real (kind=c_double)
!'* Local variables
real (kind=c_double)

s = dsqrt(drix*drix &
+driy*driy &

W

id

!'$fdps charge
!'$fdps rsearch

intent (in)
intent (in)

B

s,sl,s2

+drYz*dr¥%z)/h

sl = 1.0d0 - s
if (s1 < 0.0d0) si1
s2 = 0.5d0 - s
if (82 < 0.0d0) s2
W = (slxslx*sl) - 4.

end function W

0.0dO0

0.04d0

I$fdps id
pos !$fdps position

0d0*(s2*s2%*s2)
W =W *x 16.0d0/(pi*h*hx*h)

pure function gradW(dr,h)

implicit none

type (fdps_£f64vec)
type (fdps_£f64vec),
real (kind=c_double)
!x Local variables
real (kind=c_double)

gradWw

intent (in)
intent (in)

B

dr_abs,s,sl1,s2,coef

dr_abs = dsqrt(drix*drix &
+driy*driy &
+drhz*xdriz)

s = dr_abs/h

s1 = 1.0d0 - s

if (s1 < 0.0d0) si1
s2 = 0.5d0 - s

0.0dO

o7

dr

h
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if (s2 < 0.0d0) s2 = 0.04d0

coef = - 3.0d0*(sl*sl) + 12.0d0*(s2%*s2)
coef coef * 16.0d0/(pi*h*hxh)

coef = coef / (dr_abs*h + 1.0d-6%h)
gradW/%x = dr%x * coef

gradWy = drjy * coef

gradW%z = dr'%z * coef

end function gradW

!'**x*x* Interaction function
subroutine calc_density(ep_i,n_ip,ep_j,n_jp,f) bind(c)

integer (kind=c_int), intent(in), value :: n_ip,n_jp

type (essential_particle), dimension(n_ip), intent(in) :: ep_i
type (essential_particle), dimension(n_jp), intent(in) :: ep_j
type(force_dens), dimension(n_ip), intent(inout) :: f

'* Local variables

integer (kind=c_int) :: 1i,]j

type (fdps_£f64vec) :: dr

do i=1,n_ip
f(i)%dens = 0.0d0
do j=1,n_jp

dr’%x = ep_j(j)hposhx - ep_i(i)lposhx
dr%y = ep_j(j)hposhy - ep_i(i)lposhy
dr%z = ep_j(j)hposhz - ep_i(i)%poshz

f(i)%dens = f(i)%dens &
+ ep_j(j)hmass * W(dr,ep_i(i)%smth)
end do
end do

end subroutine calc_density

!'*xx*x Interaction function
subroutine calc_hydro_force(ep_i,n_ip,ep_j,n_jp,f) bind(c)

integer (kind=c_int), intent(in), value :: n_ip,n_jp

type (essential_particle), dimension(n_ip), intent(in) :: ep_i
type(essential_particle), dimension(n_jp), intent(in) :: ep_j
type (force_hydro), dimension(n_ip), intent(inout) :: f

'* Local parameters

real (kind=c_double), parameter :: C_CFL=0.3d0

!'* Local variables

integer (kind=c_int) :: 1i,]j

real (kind=c_double) :: mass_i,mass_j,smth_i,smth_j, &

dens_i ,dens_j ,pres_i,pres_j, &
snds_1i,snds_]j

real (kind=c_double) :: povrho2_i,povrho2_j, &
v_sig_max,dr_dv,w_ij,v_sig, AV
type (fdps_f64vec) :: pos_i,pos_j,vel_i,vel_j, &

dr ,dv,gradW_ij

do i=1,n_ip
'* Zero-clear
v_sig_max = 0.0dO0
!'x Extract i-particle info.
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161 pos_i = ep_i(i)%pos

162 vel_i = ep_i(i)%vel

163 mass_i = ep_i(i)%mass

164 smth_i = ep_i(i)¥%smth

165 dens_i = ep_i(i)%dens

166 pres_i = ep_i(i)%pres

167 snds_i = ep_i(i)%snds

168 povrho2_i = pres_i/(dens_i*dens_i)

169 do j=1,n_jp

170 I'* Extract j-particle info.

171 pos_j%x = ep_j(j)hposhx

172 pos_jhy = ep_j(j)hposhy

173 pos_jhz = ep_j(j)hposhz

174 vel_jhx = ep_j(j)hvellx

175 vel_jhy = ep_j(j)hveliy

176 vel_j%z = ep_j(jlhvellz

177 mass_j = ep_j(j)%mass

178 smth_j = ep_j(j)%smth

179 dens_j = ep_j(j)ldens

180 pres_j = ep_j(j)hpres

181 snds_j = ep_j(j)%snds

182 povrho2_j = pres_j/(dens_j*dens_j)

183 '* Compute dr & dv

184 dr%x = pos_i%hx - pos_jhx

185 dr%y = pos_i%hy - pos_jhy

186 dr%z = pos_i%z - pos_jhz

187 dvix = vel_i%x - vel_jhx

188 dviy = vel_i%hy - vel_jhy

189 dvz = vel_i%z - vel_jlhz

190 '* Compute the signal velocity

191 dr_dv = dr%x * dvix + driy * dviy + drkz * dviz

192 if (dr_dv < 0.0d0) then

193 w_ij = dr_dv / sqrt(dr¥%x * dr¥%x + drly * driy + dr¥%z * dr¥%z

)

194 else

195 w_ij = 0.0d0

196 end if

197 v_sig = snds_i + snds_j - 3.0d0 * w_ij

198 v_sig_max = max(v_sig_max, v_sig)

199 !'* Compute the artificial viscosity

200 AV = - 0.5d0*v_sig*w_ij / (0.5d0*(dens_i+dens_j))

201 !'* Compute the average of the gradients of kermnel

202 gradW_ij = 0.5d0 * (gradW(dr,smth_i) + gradW(dr,smth_j))

203 !'* Compute the acceleration and the heating rate

204 f(i)%acchx = f(i)%acchx - mass_j*(povrho2_i+povrho2_j+AV)x*
gradW_ij%x

205 f(idhacchy = f(i)%acchy - mass_j*(povrho2_i+povrho2_j+AV)x*
gradW_ijhy

206 f(i)%acchz = f£(i)%acchz - mass_j*(povrho2_i+povrho2_j+AV)x*
gradW_ij%z

207 f(i)%eng_dot = f(i)%eng_dot &

208 + mass_j * (povrho2_i + 0.5d0*AV) &

209 x(dv%x * gradW_ij%x &

210 +dviy * gradW_ij%y &

211 +dviz * gradW_ij%z)
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end do
f(i)%dt = C_CFL*2.0d0O*smth_i/(v_sig_max*kernel_support_radius)

end

do

[IMPORTANT NOTE]

In the innermost loop, we use the components of vectors

directly for vector operations because of the following

reasion. Except for intel compilers with ‘-ipo‘ option,

most of Fortran compilers use function calls to perform

vector operations like rij = x - ep_j(j)%pos.

This significantly slow downs the speed of the code.

By using the components of vector directly, we can avoid
these function calls.

end subroutine calc_hydro_force

end module

user_defined_types

Listing 36: &R SPHY I a2l —Y 3 vOY 7)) I—F (f main.F90)

subroutine

f_main ()

use fdps_vector

use fdps_module

use user_defined_types
implicit none

!'* Local parameters
!-(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

'-(I0)

integer , parameter :: output_interval=10
!'* Local variables

integer :: i,j,k,ierr

integer nstep

integer psys_num ,dinfo_num

integer tree_num_dens ,tree_num_hydro
integer n_tot,n_1loc

logical :: clear

double precision :: time,dt,end_time
type (fdps_£f64vec) :: pos_1ll,pos_ul

type (fdps_controller) :: fdps_ctrl

type (full_particle), dimension(:), pointer :: ptcl
type (c_funptr) :: pfunc_ep_ep

1-(I0)

character (len=64) :: filename

!'* External routines

double precision, external :: get_timestep
!'* Initialize FDPS

call fdps_ctrl)%PS_Initialize()
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!'* Make an instance of ParticleSystem and initialize it
call fdps_ctrlicreate_psys(psys_num,’full_particle’)
call fdps_ctrl’init_psys(psys_num)

!'* Make an initial condition and initialize the particle system
call setup_IC(fdps_ctrl,psys_num,end_time,pos_1l1l,pos_ul)

'* Make an instance of DomainInfo and initialize it

call fdps_ctrlycreate_dinfo(dinfo_num)

call fdps_ctrl’init_dinfo(dinfo_num,coef_ema)

call fdps_ctrliset_boundary_condition(dinfo_num,fdps_bc_periodic_xyz)
call fdps_ctrl¥set_pos_root_domain(dinfo_num,pos_1l1,pos_ul)

!'* Perform domain decomposition and exchange particles
call fdps_ctrl’,decompose_domain_all (dinfo_num,psys_num)
call fdps_ctrllexchange_particle(psys_num,dinfo_num)

!'* Make two tree structures
n_loc = fdps_ctrl¥get_nptcl_loc(psys_num)
!'*x dens_tree (used for the density calculation)
call fdps_ctrl%create_tree(tree_num_dens, &
"Short ,force_dens ,essential_particle,
essential_particle,Gather")
call fdps_ctrl¥%init_tree(tree_num_dens,n_loc,theta, &
n_leaf_limit ,n_group_limit)

'*x hydro_tree (used for the force calculation)
call fdps_ctrlicreate_tree(tree_num_hydro, &
"Short ,force_hydro,essential_particle,
essential_particle,Symmetry")
call fdps_ctrl¥init_tree(tree_num_hydro,n_loc,theta, &
n_leaf_limit,n_group_limit)

!'* Compute density, pressure, acceleration due to pressure gradient

pfunc_ep_ep = c_funloc(calc_density)

call fdps_ctrl%calc_force_all_and_write_back(tree_num_dens, &
pfunc_ep_ep, &
psys_num, &

dinfo_num)
call set_pressure(fdps_ctrl,psys_num)

pfunc_ep_ep = c_funloc(calc_hydro_force)

call fdps_ctrlicalc_force_all_and_write_back(tree_num_hydro, &
pfunc_ep_ep, &
psys_num, &

dinfo_num)
!'* Get timestep
dt = get_timestep(fdps_ctrl,psys_num)

!'* Main loop for time integration

nstep = 0; time = 0.0dO

do
'* Leap frog: Initial Kick & Full Drift
call initial_kick(fdps_ctrl,psys_num,dt)
call full_drift(fdps_ctrl,psys_num,dt)
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'* Adjust the positions of the SPH particles that run over
! the computational boundaries.
call fdps_ctrlladjust_pos_into_root_domain(psys_num,dinfo_num)

'* Leap frog: Predict
call predict(fdps_ctrl,psys_num,dt)

!'* Perform domain decomposition and exchange particles again
call fdps_ctrlidecompose_domain_all (dinfo_num,psys_num)

call fdps_ctrllexchange_particle(psys_num,dinfo_num)

!'x Compute density, pressure, acceleration due to pressure gradient

pfunc_ep_ep = c_funloc(calc_density)

call fdps_ctrlicalc_force_all_and_write_back(tree_num_dens, &
pfunc_ep_ep, &
psys_num, &

dinfo_num)
call set_pressure(fdps_ctrl,psys_num)

pfunc_ep_ep = c_funloc(calc_hydro_force)

call fdps_ctrllcalc_force_all_and_write_back(tree_num_hydro, &
pfunc_ep_ep, &
psys_num, &

dinfo_num)

'* Get a new timestep
dt = get_timestep(fdps_ctrl,psys_num)

!'x Leap frog: Final Kick
call final_kick(fdps_ctrl,psys_num,dt)

'* Qutput result files
if (mod(nstep,output_interval) == 0) then
call output(fdps_ctrl,psys_num,nstep)
call check_cnsrvd_vars(fdps_ctrl,psys_num)
end if

'* Qutput information to STDOUT

if (fdps_ctrliget_rank() == 0) then
write (¥,200) time ,nstep
200 format("================================"/ §
"time =,",1es825.16e3/ &
"nstepy=,",16/ &
"s===============================")
end if

! Termination condition
if (time >= end_time) exit

I'x Update time & step

end do

time = time + dt
nstep = nstep + 1
call fdps_ctrly%ps_finalize ()

stop O
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!'* Finalize FDPS
call fdps_ctrl%PS_Finalize ()

end subroutine f_main
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subroutine setup_IC(fdps_ctrl,psys_num,end_time,pos_11,pos_ul)

use fdps_vector

use fdps_module

use user_defined_types
implicit none

type (fdps_controller), intent (IN) :: fdps_ctrl
integer, intent (IN) :: psys_num

double precision, intent(inout) :: end_time
type (fdps_f64vec) :: pos_1ll,pos_ul

'* Local variables

integer :: i,ii,irank

integer :: nprocs, myrank

integer :: nx_left, ny_left, nz_left

integer :: nx_right, ny_right, nz_right
integer :: nptcl_loc, nptcl_glb

integer :: nptcl_quot, nptcl_rem

integer :: i_first, i_last

double precision :: dens_left, dens_right
double precision :: eng_left, eng_right

double precision :: sv, mass

double precision :: x,y,z,dx,dy,dz

type (full_particle), dimension(:), pointer :: ptcl
character (len=5) :: proc_num
character(len=64) :: fname

'* Get # of MPI processes and rank number
nprocs = fdps_ctrlyget_num_procs ()
myrank = fdps_ctrliget_rank()

'* Set the box size
pos_1l1%x 0.0d0

pos_1l1l%y = 0.0d0O

pos_11%z = 0.0d0

pos_ul¥x = 1.0d0

pos_ul’%y = pos_ul%x / 8.0d0
pos_ul¥%z = pos_ul%x / 8.0d0

'* Set the left and right states

dens_left = 1.0d0
eng_left = 2.5d0
dens_right = 0.5d0
eng_right = 2.5d0

!'* Set the separation of particle of the left state
dx = 1.0d40 / 128.0d0
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201 dy = dx

202 dz = dx

203

204 '* Count # of particles in the computational domain
205 '*x (1) Left-half

206 nx_left = 0

207 x = 0.0d0

208 do

209 nx_left = nx_left + 1

210 X = x + dx

211 if (x >= 0.5d0*pos_ul¥%x) exit
212 end do

213 ny_left = 0

214 y = 0.0d0

215 do

216 ny_left = ny_left + 1

217 y =y + dy

218 if (y >= pos_ully) exit

219 end do

220 nz_left = 0

221 z = 0.0d0

222 do

223 nz_left = nz_left + 1

224 z = z + dz

225 if (z >= pos_ul’z) exit

226 end do

227 !*% (2) Right-half

228 nx_right = 0

229 x = 0.5d0*pos_ul¥%x

230 do

231 nx_right = nx_right + 1

232 x = x + (dens_left/dens_right)*dx
233 if (x >= pos_ul’x) exit

234 end do

235 ny_right = 0

236 y = 0.0d0

237 do

238 ny_right = ny_right + 1

239 y =y + dy

240 if (y >= pos_ully) exit

241 end do

242 nz_right = 0

243 z = 0.0d0

244 do

245 nz_right = nz_right + 1

246 z = z + dz

247 if (z >= pos_ul’z) exit

248 end do

249 '*x (3) calculate # of particles
250 nptcl_glb = (nx_left * ny_left * nz_left) &
251 + (nx_right * ny_right * nz_right)
252 if (myrank == 0) then

253 write (*,*) ’nptcl_glb,=,’ ,nptcl_glb
254 end if

255
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!'x Set # of local particles
nptcl_quot = nptcl_glb / nprocs
nptcl_rem mod (nptcl_glb, nprocs)
if (myrank == 0) then
write (*,*) ’nptcl_quot,=,’,nptcl_quot
write (*,*) ’nptcl_rem,,=,’ ,nptcl_rem
end if
nptcl_loc = nptcl_quot
if (myrank < nptcl_rem) nptcl_loc = nptcl_loc + 1
call fdps_ctrliset_nptcl_loc(psys_num, nptcl_loc)

i_first = 1 + nptcl_quot * myrank
if (myrank > (nptcl_rem-1)) then
i_first = i_first + nptcl_rem
else
i_first = i_first + myrank
end if
i_last = i_first + nptcl_loc - 1
do irank=0, nprocs-1
if (irank == myrank) then

write(*,"(4(a,1x,18))") *myrank,,=’,myrank, &
> ,unptcl_locy,=’,nptcl_loc, &

P oui_firsty=’,i_first, &
?,ui_lasty=’,i_last
end if
call fdps_ctrlibarrier ()
end do

!'x Set local particles

call fdps_ctrliget_psys_fptr(psys_num,ptcl)

sv = (pos_ul¥%x * pos_ul¥%y * pos_ul’%z) / nptcl_glb ! specific volume
mass = 0.5d0*(dens_left+dens_right) * sv

i=1
'xx (1) Left-half
x = 0.0d0
do
y = 0.0d0
do
z = 0.0d0
do
if ((i_first <= i) .and. (i <= i_last)) then
ii = i - i_first + 1
ptcl(ii)’mass = mass

ptcl(ii)Yposhx = x

ptcl(ii)%posky =y
ptcl(ii)%poskz = z
ptcl(ii)’%dens = dens_left
ptcl(ii)’eng = eng_left
ptcl(ii)¥%smth = kernel_support_radius * 0.012d0
ptcl(ii)%id =i
end if
i=1+1
z = z + dz
if (z >= pos_ul¥%z) exit
end do
y =y +dy
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if (y >= pos_ully) exit

end do

x = x + dx

if (x >= 0.5d0*pos_ul’x) exit
end do

!'*% (2) Right-half
x = 0.5d0*pos_ul¥%x

do
y = 0.0d0
do
z = 0.0d0
do
if ((i_first <= i) .and. (i <= i_last)) then
ii = i1 - i_first + 1
ptcl(ii)’mass = mass
ptcl(ii)Yposhx = x
ptcl(ii)%posky =y
ptcl(iid)%poskz = z
ptcl(ii)’dens = dens_right
ptcl(ii)’eng = eng_right
ptcl(ii)¥smth =
ptcl(ii)%id =i
end if
i=1+1
z = z + dz
if (z >= pos_ul¥%z) exit
end do
y =y +dy
if (y >= pos_ully) exit
end do
x = x + (dens_left/dens_right)*dx
if (x >= pos_ul¥x) exit
end do

!'* Check the initial distribution
'write(proc_num,"(i5.5) ")myrank

!fname = "initial" // proc_num // ".dat"
lopen(unit=9,file=trim(fname) ,action=’write’
! do i=1,nptcl_loc

! write (9, (3es25.16e3) ’)ptcl(i)%poshx,
! ptcl(i)%poshy,
! ptcl (i) %posiz
! end do

l'close (unit=9)

!x Set the end time
end_time = 0.12d0

' Inform to STDOUT

if (fdps_ctrliget_rank() =
write (*,%*) "setup..."

end if

0) then

!call fdps_ctrl¥ps_finalize ()
!'stop O
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end subroutine setup_IC

Y/11777777777777777777

SUBROUTTINE [171777777771717717777

V177777777777 /77///7/// < GET _TIMESTETP>/////I//II/111//////]/
S
function get_timestep(fdps_ctrl,psys_num)

use fdps_vector

use fdps_module

use user_defined_types

implicit none

real (kind=c_double) :: get_timestep

type (fdps_controller), intent(in) :: fdps_ctrl

integer , intent(in) :: psys_num

'* Local variables

integer :: i,nptcl_loc

type (full_particle), dimension(:), pointer :: ptcl

real (kind=c_double) :: dt_loc

'* Get # of local particles
nptcl_loc = fdps_ctrlget_nptcl_loc(psys_num)

!'* Get the pointer to full particle data
call fdps_ctrliget_psys_fptr(psys_num,ptcl)
dt_loc = 1.0d30
do i=1,nptcl_loc

dt_loc = min(dt_loc, ptcl(i)%dt)
end do
nullify(ptcl)

'* Reduction
call fdps_ctrllget_min_value(dt_loc,get_timestep)

end function get_timestep

Y/11117777777777777777 SUBRDO I [11717171777777777777777
v//11000777777/7/7//7/7/7/7/7 < TN I TIAL K K > ////11717177777777777777
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subroutine initial_kick(fdps_ctrl,psys_num,dt)
use fdps_vector
use fdps_module
use user_defined_types
implicit none
type (fdps_controller), intent(in) :: fdps_ctrl
integer , intent(in) :: psys_num
double precision, intent(in) :: dt
!'* Local variables
integer :: i,nptcl_loc
type (full_particle), dimension(:), pointer :: ptcl

'* Get # of local particles
nptcl_loc = fdps_ctrlget_nptcl_loc(psys_num)

!'* Get the pointer to full particle data
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call fdps_ctrliget_psys_fptr(psys_num,ptcl)

do i=1,nptcl_loc
ptcl(i)%vel_half
ptcl(i)’%eng_half

end do

nullify (ptcl)

+

ptcl(i)vel 0.5d0 * dt * ptcl(i)¥%acc
ptcl(i)’%eng + 0.5d0 * dt * ptcl(i)%eng_dot

end subroutine initial_kick

Y/ S UB TINE
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434 subroutine full_drift(fdps_ctrl,psys_num,dt)
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use fdps_vector

use fdps_module

use user_defined_types

implicit none

type (fdps_controller), intent(in) :: fdps_ctrl
integer, intent(in) :: psys_num

double precision, intent(in) :: dt

'* Local variables

integer :: i,nptcl_loc

type (full_particle), dimension(:), pointer :: ptcl

!'* Get # of local particles
nptcl_loc = fdps_ctrlyget_nptcl_loc(psys_num)

!'* Get the pointer to full particle data
call fdps_ctrliget_psys_fptr(psys_num,ptcl)
do i=1,nptcl_loc
ptcl(i)%pos = ptcl(i)¥%pos + dt * ptcl(i)%vel_half
end do
nullify (ptcl)

end subroutine full_drift

v/ /7777777777 7/77/77/7/7/7///// S U BROUTTINE/////I/I//17777171771777/7777
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subroutine predict(fdps_ctrl,psys_num,dt)

use fdps_vector

use fdps_module

use user_defined_types

implicit none

type (fdps_controller), intent(in) :: fdps_ctrl
integer, intent(in) :: psys_num

double precision, intent(in) :: dt

'* Local variables

integer :: i,nptcl_loc

type (full_particle), dimension(:), pointer :: ptcl

!'x Get # of local particles
nptcl_loc = fdps_ctrlyget_nptcl_loc(psys_num)
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!'* Get the pointer to full particle data

call fdps_ctrliget_psys_fptr(psys_num,ptcl)

do i=1,nptcl_loc
ptcl(i)%vel = ptcl(i)%vel + dt
ptcl(i)’eng
end do
nullify(ptcl)

*

end subroutine predict

V/1177777777777777777777 S 0
V/11777 7707077777 77777777 < F L _

subroutine final_kick(fdps_ctrl,psys_num,dt)
use fdps_vector
use fdps_module
use user_defined_types
implicit none

type (fdps_controller), intent(in) :: fdps_

integer, intent(in) :: psys_num
double precision, intent(in) :: dt
'* Local variables

integer :: i,nptcl_loc

type (full_particle), dimension(:), pointer

!'x Get # of local particles

ptcl(i)’%acc
ptcl(i)’eng + dt * ptcl(i)’eng_dot

E L1777 777777777777777777
K> ////1777777777777777777

ctrl

ptcl

nptcl_loc = fdps_ctrlyget_nptcl_loc(psys_num)

'* Get the pointer to full particle data

call fdps_ctrllget_psys_fptr(psys_num,ptcl)

do i=1,nptcl_loc
ptcl(i)%vel = ptcl(i)%vel_half + 0.5d0
ptcl(i)’eng ptcl(i)%eng_half + 0.5d0
end do
nullify(ptcl)

end subroutine final_kick

Y/ 11117777777777777777 S 0 IN
v/ 1170007777 7777777777 <8 ET U PR S U

subroutine set_pressure(fdps_ctrl,psys_num)
use fdps_vector
use fdps_module
use user_defined_types
implicit none

type (fdps_controller), intent(in) :: fdps_
integer , intent(in) :: psys_num

!'* Local parameters

double precision, parameter :: hcr=1.4d0

!'* Local variables
integer :: i,nptcl_loc
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type (full_particle), dimension(:), pointer :: ptcl

'* Get # of local particles
nptcl_loc = fdps_ctrlyget_nptcl_loc(psys_num)

!'x Get the pointer to full particle data
call fdps_ctrliget_psys_fptr(psys_num,ptcl)
do i=1,nptcl_loc
ptcl(i)pres
ptcl (i) snds
end do
nullify(ptcl)

(hcr - 1.0d0) * ptcl(i)’dens * ptcl(i)’%eng
dsqrt (hcr * ptcl(i)¥pres / ptcl(i)’%dens)

end subroutine set_pressure

NE ////111177777777777777777
> 1177177 7777777777777777777

subroutine output(fdps_ctrl,psys_num,nstep)

use fdps_vector

use fdps_module

use user_defined_types
implicit none

type (fdps_controller), intent (IN) :: fdps_ctrl
integer, intent(IN) :: psys_num

integer, intent(IN) :: nstep

!'* Local parameters

character (len=16), parameter :: root_dir="result"
character(len=16) , parameter :: file_prefix_1st="snap"
character(len=16) , parameter :: file_prefix_2nd="proc"
!'* Local variables

integer :: i,nptcl_loc

integer :: myrank

character(len=5) :: file_num,proc_num

character (len=64) :: cmd,sub_dir, fname

type (full_particle), dimension(:), pointer :: ptcl

!'* Get the rank number
myrank = fdps_ctrliget_rank()

!'* Get # of local particles
nptcl_loc = fdps_ctrlyget_nptcl_loc(psys_num)

!'* Get the pointer to full particle data
call fdps_ctrliget_psys_fptr(psys_num,ptcl)

!'* Qutput
write(file_num," (i5.5) ")nstep
write (proc_num," (i5.5) ")myrank
fname = trim(root_dir) // "/" &
// trim(file_prefix_1st) // file_num // "-" &
// trim(file_prefix_2nd) // proc_num // ".dat"
open(unit=9,file=trim(fname) ,action=’write’,status=’replace’)
do i=1,nptcl_loc

70



586
587
588
589
590
591
592
593
594
595
596
597
598
599
600
601
602
603
604
605
606
607
608
609
610
611
612
613
614
615
616
617
618
619
620
621
622
623
624
625
626
627
628
629
630
631
632
633
634
635
636
637
638
639
640

write (9,100) ptcl(i)did,ptcl(i)’mass, &
ptcl (i) %pos¥hx,ptcl (i) %poshy,ptcl(i)%posthz, &
ptcl(id)%vel¥x,ptcl(i)%velly,ptcl(i)%veltz, &
ptcl(i)%dens ,ptcl(i)’eng,ptcl(i)’pres
100 format(i8,1x,10e25.16e3)
end do
close(unit=9)
nullify(ptcl)

end subroutine output

VI 7 77777777777 SUBROUTTINE 1177777777777777
v//////////////// < CHECK _CNSRVD _VARSD>////IIIIII/111]/

subroutine check_cnsrvd_vars(fdps_ctrl,psys_num)

use fdps_vector

use fdps_module

use user_defined_types
implicit none

type (fdps_controller), intent(in) :: fdps_ctrl
integer, intent(in) :: psys_num

'* Local variables

integer :: i,nptcl_loc

type (full_particle), dimension(:), pointer :: ptcl
type (fdps_f64vec) :: mom_loc ,mom

real (kind=c_double) :: eng_loc,eng

!'* Get # of local particles
nptcl_loc = fdps_ctrlyget_nptcl_loc(psys_num)

!'* Get the pointer to full particle data
call fdps_ctrliget_psys_fptr(psys_num,ptcl)
mom_loc = 0.0d0; eng_loc = 0.0dO
do i=1,nptcl_loc
mom_loc = mom_loc + ptcl(i)%vel * ptcl(i)’mass
eng_loc = eng_loc + ptcl(i)’mass &
*(ptcl(i)%eng &
+0.5d0*xptcl (i) %vel*ptcl(i)%vel)
end do
nullify(ptcl)

'* Reduction & output
call fdps_ctrl¥get_sum(eng_loc,eng)
call fdps_ctrlget_sum(mom_loc%x,mom¥%x)
call fdps_ctrl¥%get_sum(mom_loc%y,mom%y)
call fdps_ctrly%get_sum(mom_loc%z,mom%z)
if (fdps_ctrliget_rank() == 0) then

write (*,100) eng

write (*,100)mom%x

write (*,100)mom%y

write (*x,100) mom%z

100 format(les25.16e3)
end if
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end subroutine check_cnsrvd_vars
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1 6 HLARMERE DAESR

6.1 PMIO—R

AHiTlE, FDPS OHLIREERE Particle Mesh (BAN. PM & &#&T %) O HIEICZD W
T. P3M(Particle-Particle-Particle-Mesh) kD% > 7V a— R E W THHZ1T5, ZTOY
Y7V a—FTiE, HEF MY YA (NaCl) #fh DR BIRDHE S T 4L F — % PPM L TR
U. fERZMNTEE BT 5, PPMIETIE, I, RO, AT VY vy VIALF—DFHE %,
Particle-Particle(PP) 73— k & Particle-Mesh(PM) 73— MZ split LT d, ZOH 7
V3 — RTIE PP /Y— b % FDPS fB¥E#aE 2 W TEME L. PM /Y — b % FDPS #LiREERE %
HAWTER T %, 726, ILREEE PM OERROFEMIX, EEE 92 THM TN TWDH DT,
ZL o BRI N,

6.1.1 HUFIIA—RDOBrFREFEET AL I NY

Yo a— ROEfE, $(FDPS)/sample/fortran/p3m TH 5, 7 k. £ ZIZHBH
5,

[$ cd (FDPS)/sample/fortran/p3m )

Yo7 a— NEa—YERM L MHEMFHBEBDERL I N7z user defined . F90, T —H I —
RO FNUUNDE S MEBE I N7 £ main.FI0. GCC & intel T >34 T FHD Makefile TdH
% Makefile & Makefile.intel 2O S N5,

6.1.2 I1—H—F&HRH

1§§ﬁ7?6i\ FDPS Q)ﬁ%ﬁ%%&ﬂﬁb\*( P3h4%£0)§+§i%fff€56:3571«3'C\ :l-_%Fb—ﬁ§§aitL/t£
Limti\ﬁ 67’2\1\?)1/21:’57_‘“——&?&6191(\156325?50

6.1.2.1 FullParticle &

2 — Y — & FullParticle B % foik U 22 17 172 5 28\, Listing 3712, ¥~ 73— Ko
FullParticle 4 % 739", FullParticle BIZ1%, FHHEZT5IIH7-> T, KFDPEF->TVWBEREZE
ETOYHENREENTVWBELERD 5,

Listing 37: FullParticle %

type, public, bind(c) :: nbody_fp !$fdps FP
!$fdps copyFromForce nbody_pp_results (pot,pot) (agrv,agrv)
!$fdps copyFromForcePM agrv_pm

integer (kind=c_long_long) :: id

real (kind=c_double) :: m !'$fdps charge
real (kind=c_double) :: rc !$fdps rsearch
type (fdps_f64vec) :: x !$fdps position
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type (fdps_£f64vec) :: v,v_half
type (fdps_£f64vec) :: agrv
real (kind=c_double) :: pot
type (fdps_£f32vec) :: agrv_pm
real (kind=c_float) :: pot_pm
end type nbody_£fp
Z D JRAET — XD FullParticle U TH B Z & 2R T 720, IROIBRX 2B L TWVW5:
[type, public, bind(c) :: nbody_fp !$fdps FP ]

PPMYIab—ya ilBaHEMEMREIAY vA 72O OENEITHS, TDH, @b
YRS ULThy NATEENID S, BED FDPS OARRTIX, 77y b4 7 REDIRE
TEERERDOIRE (§ 4.2 2MR) LHBRIZIT D, IROIFRIIE, ED A VNEHRE O KEY)
HEIZNINT 20 2HETLHIEDTH 5:

real (kind=c_double) :: m !$fdps charge
real (kind=c_double) :: rc !$fdps rsearch
type (fdps_f64vec) :: x !$fdps position

FullParticle #1% Force Bl & DI TTF —X a¥— %175, 2 —HIFRXZ2F W, FDPS I
T =R A —DLEF 2B AT NIER SR\, £z, HLEEEEEE PM 2 W CHE/EHETE %
119554, FullParticle BIZIZ PM &Y a— )V CEtB UM EEHAEOREEZ YD A VN
B CTZITIB DD ERT R Z2H T E2HERH S, AV )Va—NTlik, BAFD
EHIZEB LT WA

I$fdps copyFromForce nbody_pp_results (pot,pot) (agrv,agrv)
!$fdps copyFromForcePM agrv_pm

6.1.2.2 EssentialParticlel &

21— —{d Essential Particlel B % Ftik U 22 1 172 572\, EssentialParticlel 421X, PP
/X— kD Force fHE 24T OB, i BiFD o TWEREETOYBES A VAL e L TH-
TWALERD B, 72, AFa— Y 7L TlE, EssentialParticle] BH T W 57280,
JRFDPRFHESTVEIRELTOYHES A VUNEHE U TR>TWAHENDH S, Listing 38
2, Y27V 3 — KD EssentialParticlel 4 % 7139,

Listing 38: EssentialParticlel

type, public, bind(c) :: nbody_ep !$fdps EPI,EPJ
!$fdps copyFromFP nbody_fp (id,id) (m,m) (rc,rc) (x,x)
integer (kind=c_long_long) :: id
real (kind=c_double) :: m !$fdps charge
real (kind=c_double) :: rc !$fdps rsearch
type (fdps_f64vec) :: x !$fdps position

end type nbody_ep
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F9. I —VFIFERXZHWT, ZOIRET — X BIH Essential Particlel B A>D Essential-
Particle] BiTH 5 Z & % FDPS IZH A R I NIER 57\, AV )La—RTlEk, LFD &
INZELIR LT W5

[type, public, bind(c) :: nbody_ep !$fdps EPI,EPJ ]

WIZ, =P ZOWRET — XD ED X U NBERE DREYEEIZNINT 2 D%
RYIZEoTEELRITNER SV, SENIHBEER Y A T7HY OERE#IITH 5
728, N1y NATHERDBESBLETH DL, AP TNa—RFNTlE, AFOESI1Z8EE LT
W5

real (kind=c_double) :: m !$fdps charge
real (kind=c_double) :: rc !$fdps rsearch
type(fdps_f64vec) :: x !$fdps position

EssentialParticlel 4 & EssentialParticleJ (% FullParticle #2265 — X 2% H 5, 21—
Y& FullParticle B1D & D X VN % EssentialParticle?® (7=1,J) D & D A Y NIz 2
¥—92500%, HRXEHVWTHRESTSHENDH S, A TNVa—-RFTIE, BUFDES
Wl LT W5

[!$fdps copyFromFP nbody_fp (id,id) (m,m) (rc,rc) (x,x) ]

6.1.2.3 Force &

2 —H—I3 Force 81 % 5k U 22 17 1UiE 7 5 72\, Force 13, PP /¥— b @ Force DEFH %
To7BRICZOMRE L THRONIL2TOYHEEZ A VANEHE UTR> TV HENDH
b, RKY¥ > 7)Va— R Force B % Listing 39 IZ/R_ 9, ZDH > 7)La— R TlE, Force I&
Coulomb fHEAEHFEDATH 5728, Force A1 DHEINT WS,

Listing 39: Force &

type, public, bind(c) :: nbody_pp_results !$fdps Force
I$fdps clear
real (kind=c_double) :: pot
type (fdps_£f64vec) :: agrv

end type nbody_pp_results

9, 2P ZOIRET — XN Force ThH B Z & 2R IT L > THRET B HEN
HbD, KXY T Na—=RTlE, UAFDLIIZERLTWA:

[type, public, bind(c) :: nbody_pp_results !$fdps Force ]

ZOWRET — X BT Force BETH B0 6, 2 —H13nd., MHEMEAFHEIZS T 2EERNED
AYNEBROUL LR RET 208 R H S, AP > TV a— R Tl Force DT RTD
A VNERIZT 7 40 s OPMLGERFERE T 5720, HIZ, ¥—7— K clear DfERX %

I0)
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AR LT WS

[!$fdps clear ]

6.1.2.4 HEE/EAEE calcForceEpEp

I — Y — IHEANEHBIEL calcForceEpEp % 5tib U 22 1 172 5722\, calcForceEpEp (214,
PP /38— b @ Force DFtE D BARR R NE 2 HL BEDH 5, calcForceEpEp &, ¥ 7L —F
v e UTEEINRITINIER SR, 518UE, EssentialParticlel DES1, EssentialParticlel
DIEEL. EssentialParticle] DEFY. EssentialParticle] DEXL. Force BLDEF|TH 5, AW
> 7V 3 — R ® calcForceEpEp D%E%& % Listing 40 1279,

Listing 40: AHAAEHABIZL calcForceEpEp

subroutine calc_force_ep_ep(ep_i,n_ip,ep_j,n_jp,f) bind(c)

integer (c_int), intent(in), value :: n_ip,n_jp

type (nbody_ep), dimension(n_ip), intent(in) :: ep_i

type (nbody_ep), dimension(n_jp), intent(in) :: ep_j

type (nbody_pp_results), dimension(n_ip), intent (inout) :: f
'* Local variables

integer (c_int) :: 1i,]

real (c_double) :: rij,rinv,rinv3,xi

type (fdps_f64vec) :: dx

do i=1,n_ip
do j=1,n_jp
dx%x = ep_i(i)%x%x - ep_j(j)hxhx
dxhy ep_i(i)%x%hy - ep_j(j)hxhy
dx%z ep_i(i)%xhz - ep_j(j)hxhz
rij dsqrt (dx%x * dxhx &
+dx%hy * dx%y &
+dx%z * dx%z)
if ((ep_i(i)%id == ep_j(j)%id) .and. (rij =
rinv = 1.0d0/rij
rinv3 = rinv*rinv*xrinv
xi = 2.0d0*rij/ep_1i(i)%zrc
f(i)%pot = f(i)%pot + ep_j(j)%m * S2_pcut(xi) * rinv
f(i)hagrvix f(id)lagrvhx + ep_j(j)%hm * S2_fcut(xi) * rinv3 *
dx%x
f(i)%agrviy
dxhy
f(i)%agrviz
dx%hz

0.0d0)) cycle

f(i)%agrvhy + ep_j(j)%m * S2_fcut(xi) * rinv3 =*

f(i)%agrvhz + ep_j(j)%m * S2_fcut(xi) * rinv3 *

end do

I Self-interaction term

f(i)%pot = f£(i)%pot - ep_i(i)%m * (208.0d0/(70.0d0*ep_1i(i)%rc))
end do

end subroutine calc_force_ep_ep

P3ME®D PP S— M, (BEEECBEd 5) 7y NA T ED 2 EEHTH D, TD7dD,
KT VYY)V ENGREDOFEIZ Iy b A 7B (S2pcut ), S2fcut)) BEENTWVWEH I &
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IERINZ, 22T Ay M 7L, KT ORI S (r) 23 S2(r) DL EDH Y
MNETEBTHEIREDND D, T I T, S2(r) 1F Hockney & Eastwood (1988) D= (8.3) T
ERI NIRRT, L FDE 2R D:

52(7"){ %(g”) r<a/2, (1)

0 otherwise.

ZZTC, r RS DO, o ZBRERO AT —VETH L, KTDBEMNEEZ ¢ T
X, ZORFMESBRIEE DM p(r) 1Z p(r) = ¢ S2(r) ERIAI NG, THiEr ITBIL TR
R BEEAHEBRELTWD I EE2EEKT 2, PP A= DAy A 7D S2(r) ZIRKE
L7zb DO TRITNIEAR S 2 WHEEIX, PM/S— hD Ay b A 7 BB S2 BUIREI R % I €
UTEREINTWEDTHS (PM/S— & PPS—= 1Dy A 7 BEBULHE UIREEUZ
HOKBEVRDH D),

71y MATEEIF I —DVERT EHENRDH B, YTV I— FOFEIZ S2 pcut () & 52_
feut ) OFEEHIVH 5, Zh o DEETIX, Hockney & Eastwood (1988) D2 (8-72),(8-75)
MEAINTWD, Ay A TZ7EHIE PPHEFAVPLATOR LD XS ITERINT VWS,

Bpp(r) = |TT—MS2pcut(§) 2)
For(r) %wfcut(f) (3)

ZIT&=2lr—7|/aTHB, AP T)NIA—-FTlda2Z, rc TRIELTWVWS,
Hockney & Eastwood (1988) DX (8-75) Z# o &, r=0D& &, Ay YaRT ¥y
" PIRDOEREEFFOZ L0 b (Z 2T, 1/4rey DR TFIXEME L 72):

208
¢"(0) = "0a

COHEIZY Y I aA—RD iR TDNL—TDORBTEBINT VS
f(i)%pot = f£(i)%pot - ep_i(i)%m * (208.0d40/(70.0d0*ep_1i(i)%rc))

CDEZZERBLUBRWVEITRE — UV CIERETARERD 5,

(4)

6.1.2.5 #HEE{EARE calcForceEpSp

2 — Y — 13 E MBI calcForceEpSp 2 7tk L7221 U372 5 2\ 5 calcForceEpSp (12
I, BT R TR EAE AR O BRI RN R 2 EL B EA B B, calcForceEpSp 1&, 7
N—F v L UTEEINRITNIE RS20, 58U, EssentialParticlel Dfc%1, Essential-
Particlel OfEEL. &R FE O], R FELOEE. Force MDA TH 5, AV > ) a—
R @ calcForceEpSp D534 % Listing 41 IZ/R9,

EOFIATHRARZ X ST, AY > 73— K CRHMEMFEMGEIC PPM EZ2HW5, FDPS OFHANT, Zh
BEBET -0, BiRT5L51, RIAAADOEEMEI %2 0128 U THEERAFEZITS, ZD7d, hif-
R FHEEFRIERELRWIET TH S, LI LA S, APl calc_force_all and write_back (2, B8

REMEEAZHETAEBOT RURAZETHRELD 5720, HEMEHREE calcForceEpSp 2 E#H S 5 44
DB,
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Listing 41: fHA/EMHBIZE calcForceEpSp

subroutine calc_force_ep_sp(ep_i,n_ip,ep_j,n_jp,f) bind(c)

integer (c_int), intent(in), value :: n_ip,n_jp

type (nbody_ep), dimension(n_ip), intent(in) :: ep_i

type (fdps_spj_monopole_cutoff), dimension(n_jp), intent(in) :: ep_j
type (nbody_pp_results), dimension(n_ip), intent (inout) :: f

'* Local variables

integer (c_int) :: 1i,]

real (c_double) :: rij,rinv,rinv3,xi

type (fdps_f64vec) :: dx

do i=1,n_ip
do j=1,n_jp

dx%x = ep_i(i)%x%x - ep_j(j)hposihx
dx%y = ep_i(i)%x%hy - ep_j(j)hposhy
dx%z = ep_i(i)%x%z - ep_j(j)%posihz
rij = dsqrt(dx’%x * dx¥%x &

+dx%hy * dx%y &
+dx%z * dx%z)
rinv = 1.0d40/rij
rinv3 = rinv*rinv*rinv
xi = 2.0d0*rij/ep_i(i)%zrc
f(i)%pot = f(i)%pot + ep_j(j)hmass * S2_pcut(xi) * rinv
f(i)%agrvix = f£(i)%agrvix + ep_j(j)ihmass * S2_fcut(xi) * rinv3
* dx%x
f(i)hagrviy = £(i)%agrviy + ep_j(j)lmass * S2_fcut(xi) * rinv3
* dxhy
f(i)%agrviz = £(i)%agrviz + ep_j(j)¥hmass * S2_fcut(xi) * rinv3
* dx'hz
end do
end do

end subroutine calc_force_ep_sp

6.1.3 O35 LKE

ARETIE, Yo7 a— RRIKIZOWTH#E 21T 5, sEMARSIAIZ ABHETIZ, Y 7 a—
RONE L 2HREEIZOWTHAZE5 25, 6.1HiThRZEHi1IZ, ZOY T )ILa—KT
13 NaCl 55 DfS i T 2L XF — % P3M I & - TEE UM E & i %, NaCl &b asid—
RS IR AR F & U TRBE I NS, Na & CLIEEVWEWINATED, NalZidihd s
KT EDEMZ, CLIZNRT 2R TIFEDEMERF>TWVWE, Ok T TREI Nk
. REIN0,1)3 OFHER Ry 7 20HIZEiiE L, SR r V¥ — 25585, SHT
FVFX — OFEREE IR R Y 7 20Ok T80k F DR E IZKIFES 5133 72D T,
BTN a—RTlE, INS5E2EXTCIAVF—OMNEAEZAR, FRE2 7 71 VD
FTHENREL>T WS,

I—RDEHEREEIZULTDLSIZR>TW5S:

(1) FDPS TS 54 7Y =2 b D4Rk & 41k
(2) FEEINZR TR LB BEDOREZERK (X1 VIV —F D setup NaCl crystal() )
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3) BRFDRT VY Y VI NF—% PPMIETHEAE (A VIV—F VA
(4) REHROTXNF—%EHE L, TR L LB (X 1 )V —F D calc_energy_error())
(5) (2)~(4) KT

PAFT. 22 DWTH UL HHEZIT I,

6.1.3.1 fdps_controller A 7T ¥V MDA

FDPS Fortran 1 > Z—7 = —AIZHE W T, FDPS @ API I£9 X T Fortran 2003 D2 7 A
FDPS_controller DA U NB# L LTHRMtI NG, ZDIFRK 1 VX —Tz—A 70l
Z LD 1DTH 5 FDPS_module.FI0 DD, EY a—)L fdpsmodule NTEHEINTW3,
U723 > T, 2—HFIZFDPS ® API Z{#if19 5 72®IZ, FDPS_controller B4 7z v %
AR LR iz 5 72wv, RY 2 7L 3 — R Tld, FDPS_controller B4 7Y = 7 b fdps_
ctrl Z A A VIV —F VU TERKLTWS:

Listing 42: fdps_controller B4 7 = 7 b DK

subroutine f_main ()
use fdps_module
implicit none
'* Local variables
type (fdps_controller) :: fdps_ctrl

! Do something

end subroutine f_main

ZZIWZRUZa = RIEERIZY Y IV a—= NP o RERESZITEROHLZEDTH B Z
CIZIERBLUTIHE 2\,

EEOEHHD S, AFOFHBIZEWT, FDPS® APIIZZ DA TV 27 hD A VN Y
LTI INT WA Z EIZHEEI N,

6.1.3.2 FBHIAR. KT
3%, FDPS OHIML /BAlG %2175 BBV H D, IRD LD IZ, A1 VIL—F VIZEik T 5,

Listing 43: FDPS DBk

fdps_ctrly%ps_initialize();

FDPS 1%, BB U7z SHIRIIZHE T XA HELRDH S, Sk, 707 T L0KT LA
WZFDPS £ KT X 82874, AL VIL—FVDOBRBIZIRD L S I1I230h8T 3,

Listing 44: FDPS O#& 7

fdps_ctrl¥ps_finalize ();
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6.1.3.3 A7 U MOERKEWEL

FDPS O#IHILIZ AT L7254, 22—V —1da—FFTHWE A TV 27 N 21EKT 5%
LNRbHd, REITIE. A7V 2 bOEE/IHEDEHIZDOWT, #iiT 5,

6.1.3.3.1 * 727 bDHAERK

PSMEDEETIX, KTEEZ S A, fHE 7 5 A2 A, PP N— FOFHEHD tree 2 1 A,
X 512 PM S— kN DEBEIZ BB ParticleMesh A 7Y =27 NOERDBPKRETH S,

Listing 45: A 7Y =7 b D4R

call fdps_ctrlicreate_psys(psys_num,’nbody_=£fp’)
call fdps_ctrlicreate_dinfo(dinfo_num)
call fdps_ctrlicreate_pm(pm_num)
call fdps_ctrlicreate_tree(tree_num, &
"Long ,nbody_pp_results ,nbody_ep ,nbody_ep,
MonopoleWithCutoff")

IR L Za— FEERIZY Y 7V a— R oS ERZITE2MOH LD THE Z L
WHERUTHE 20,

6.1.3.3.2 * 72 DY

A=Y —=3EZA TV V2ER LS, TOAX TV N EMFEHT 2R, WLz S
BERH L, LNT, &4 7Y 7 bOWEIEOHE G Iz DOWTHEHRZIT S,

(i) RFEA T ) NOWERE KA TV =27 bowbIX, UITFDXSI1Z975:
Listing 46: R +#EA 7Y = 27 ~ O#IH4L

1 call fdps_ctrl¥%init_psys(psys_num)

BTN aA—RTEAAL VIV —FVOFHETIRIHINT WS,
(i) $BEA 7S =0 O fEEA TV 22 FOMHLIE. IR 512475
Listing 47: #Hi&k 4 7Y = 7 b o#IH(k

1 call fdps_ctrl’init_dinfo(dinfo_num,coef_ema)

Yo TN A= RTEAALVIL—F VOFHETIEOTHINT WS,

PIHAEASE T U7, fHIEA 7Y 27 MZI3BERSG L HERAORES 212y M T2HERD
5, Y7 a—RTld ZOEEFRTFAMAEZIRET 2Y 7))V —F  setup NaCl crystal
DHETIThbNTW5S:

1 call fdps_ctrlYset_boundary_condition(dinfo_num,fdps_bc_periodic_xyz)
2 pos_1l1l%x = 0.0d0; pos_1l%y = 0.0d0; pos_1ll%z = 0.0dO

3 pos_ul’%x = 1.0d0; pos_ul%y = 1.0d0; pos_ul¥%z = 1.0d0

4

call fdps_ctrliset_pos_root_domain(dinfo_num,pos_11,pos_ul)
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(iii) YV =7z o oML MEERAY YV —AT7Y 2 sog#{bs,. APl init_-
tree Z2{Hio T, AFD X SIZ475:

Listing 48: Y —% 7Y =2 s Ok
call fdps_ctrl’)init_tree(tree_num,3*nptcl_loc,theta, &
n_leaf_limit ,n_group_limit)

W) =477 bD API init_tree IZIX515E U T, KM KR FEZIETLELDH
%, ZHIXAPI D 2 5I18E UTHET 5, LiOHITIE, APIAIEIEN R Tor —
FIVEIFED 3EDMED Y I NB X HITHh-oTW5S, —f, API DO 3 51803 Auga]
REBIELT | tree I ETHZEHHE T 5 & D opening angle criterion § Z$5E T 5, K¥ > 7
31— RTIZ PP N— b DEIE TR -8R FAHEFERAZBEI RN ESI1I2T 572D, =0
ZRELTWVWD,

(iv) ParticleMesh # 7Y = ¥ s O#IHME FHTHHRINZHIIAIME 247 5 B EIT 700,

6.1.3.4 KIFDHDER

AREITIX, KT A%EERT 5Y 7)) —F > setup_NaCl_crystal OEIEE Z D TREE
NTWB FDPS O APTIZ DWW CTR#LEFT S, ZOY TN —F Vi, ABERRY 7 2D 11k
TLHT- D DRFEE . A (0,0,0) IHBIEWVRFOREEZ 5[4 & LT, 3IRTTh T4 %
BT 5, YN I—= TR, IN6DNRT A —RIFRET — X crystal _parameters
DA 7Y 2 b NaCl params Z > THEI N TV 5:

! In user_defined.F90

type, public, bind(c) :: crystal_parameters
integer (kind=c_int) :: nptcl_per_side
type (fdps_f64vec) :: pos_vertex

end type crystal_parameters
! In f_main.F90

type(crystal_parameters) :: NaCl_params
call setup_NaCl_crystal (fdps_ctrl, &
psys_num, &

dinfo_num, &
NaCl_params)

setup NaCl crystal DHIEHRAMICEWT, EINZNT A — R %2> TR 707 % £k
LTWd, ZOfFHDRBIKD T3 ILF —IF

- 5

CIEMTHNIZE T 5, 22T NI F ORI (5 OBUX 2N ME). m 13k FDOEME, Ry 13K
B PR, o ld~—T Y v 7 (Madelung) 8 TH 5, NaClfEmDE A, a ~ 1.747565
Thd BIAIE. FyT70FE TEEYEEAM (EIK)] 25E L), SHEMERE Z Off
fpe s 5 & REERDIXNF =R FHIKFEL TEARETHE, 22T, Y7
V= RFTE, RERDZFNF =DKW FBUTHKAZE LR WK DT, KO &EMEm %
2Nm?
Ry

=1 (6)
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ERBEDIZAT =NV LTWVWAIZ IZEEINZL,
KA DA%, FDPS @ APl 2f#i-> T, fHEOE| &R FR#EfFoTWVWS, ARNT,
ZNSD APLIZDWTfEZNT 5,

6.1.5.4.1 FHIEDEIDFELT

KL 700 N TR 812 52179 5121, #4722 D API decompose_domain_
all 23 %:

Listing 49: fHIk5 D FELT

call fdps_ctrlldecompose_domain_all (dinfo_num,psys_num)

6.1.5.4.2 K FREDFET

TS HICE T T 0 AR O 1O Z LT 5121k, WA 7Y 2 D API
exchange particle ZfHifd 5:

Listing 50: R 72 #D AT

call fdps_ctrliexchange_particle(psys_num,dinfo_num)

6.1.3.5 MHEEERGEDRETT

KA DA% RE L, MRS E - KRBT U6, MEEROEEZ2TS, Y7L
I—RTlk, TOEEEAAS VLV —F U TT>TWV5S

Listing 51: M EAEHFHH D FAT

!* [4] Compute force and potential with P"{3}M method

Ix [4-1] Get the pointer to FP and # of local particles

nptcl_loc = fdps_ctrliget_nptcl_loc(psys_num)

call fdps_ctrllget_psys_fptr (psys_num,ptcl)

!* [4-2] PP part

pfunc_ep_ep = c_funloc(calc_force_ep_ep)

pfunc_ep_sp = c_funloc(calc_force_ep_sp)

call fdps_ctrl%calc_force_all_and_write_back(tree_num,
pfunc_ep_ep,
pfunc_ep_sp,
psys_num,
dinfo_num)

L5 S S

!x [4-3] PM part
call fdps_ctrllcalc_pm_force_all_and_write_back (pm_num, &
psys_num, &
dinfo_num)
do i=1,nptcl_loc
pos32 = ptcl(i)ix
call fdps_ctrliget_pm_potential (pm_num,pos32,ptcl(i)’pot_pm)
end do
!* [4-4] Compute the total acceleration and potential
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do i=1,nptcl_loc
ptcl(i)’pot
ptcl (i) %agrv
end do

ptcl(i)%pot - ptcl(i)%pot_pm
ptcl(i)agrv - ptcl(i)¥%agrv_pm

PP N— MO BEAEMHZFEIZIX AP] calc_force_all and write_back . PM /S— b O
HAEHEHEIZIZ API calc_pm_force_all_and write_back ZH\WTW5, PM/Y— hDEHE
DEIZ, IERE L RT Vv LOMHMZEIRLTWS, ZORNGHEZEIZE TIToTW
52 LITERUTCHE 2V, 5l SR ZMHT MBI, FDPS OHLIREERE PM IZE ) 2 &
UCTARTYYYVEGET NS TH S, $7405, fRREEEE PM TIX. B m(> 0) (Z1E
DRT VY Y VEEIRELIA%, BEm >0DENRT VYV UTEHET S, 20
BT Uy )VIFEAMETH S, L7z - T, JLEREE PM % Coulomb #HEAEH T HT 512
HRHEREGENAVLEERS,

6.1.3.6 I XRIF—HEREEDETE

T3V X — ORI ZE O FH R IL B calc_energy_error Tiio>TW5, Z ZTlk, fi#lr
fERDfEE U T Ey = 2E = —1.7475645946332 # R L 7z, Zvid, PM3(Particle-Mesh
Multipole Method) THUHMIZKD7ZIETDH 5,

6.1.4 /XML

AP TN A= RTIEFFTW 74 75 Y (http://www.fftu.org) ZHAT 57280, 21—
YERBIZ FFTW3 24 VA M= VT B3R ERH S, 321 )Vid, (@D Makefile HDZE
FFTW_LOC & FDPS_LOC (2. FFTW & FDPS O » A b —)L5® PATH % Z N Z1fEE L.
make I ~¥ Y RZ2EHFTHIXL W,

(7 oo )

U RANDD FLATIHE, work T4 L2 MVIZHETT 74 )V p3m.x BPEE I T WA
TThH5,

6.1.5 =17

FDPS HEEERSRE DR S, AV > I a— Rixz 7 u v 2EH 2 DL ED MPI {7 TR
N, EFEIIZEELRW, FZTC, UFoavry NTc7us s L%2ETT5:

[$ MPIRUN -np NPROC ./p3m.x ]

Z ZTC. “MPIRUN”IZI& mpirun ¥ mpiexec 72 & D mpi EI7 707 F LM, “NPROC”IZIX
PARR S GNP
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B 3: 130720 DR 78 E TRV F—HNREDBER (A v ¥ a BT 163, Ay MA 7%
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6.1.6 HERoOMER

HEIKET T B, work 7 AN X FIZT XX —OMNEAEE TSR L7 7 1 LD
INB, MERETOY FTBHE M3DLS TS,
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V7 KUERAMAT TS — 3 DR

HIHT F Tk, HERAEMARY > v a—- REHWT, HPS@%$%&%AKomT%ﬁ
ZiToTER, ULLEMNS, EBEOMETIE., HEORFREOE D NSBB8 5%,
K OEMLT TV r—2arveEElRLERHS, T2 T, AfiTik, EOFEHWNLY YTV
d— N%&ffio T, FDPS OftOBEREIZ DWW TG 21T 5, il 2 HRIZd 5728, 54 LAl
HECTCONRZHMLTWEILDEIRET 5,

71 N{&/SPHI—FK

AREITlE, KOEANLZT 7V =y arvo—#le UTHEERENORMERZHET S
NAK/SPHY > 7NV a2 — ROEH%ZITS, TOV > F)a— RNk, EHOATHAEHT S
R—r3xR—LB% NIRRT, BEHROWREMEEAEH %2175 A% SPHAL & UTHRET
%, BEIEHAIE Tree KT, WAREHE X SPHEZ FHI\WTAIT 5, SPH %X Springel & Hernquist
2002, MNRAS, 333, 649] XU Springel [2005, MNRAS, 364, 1100] f?%%éﬂf:ﬁﬁ% (AR
fijB D7z, Springel DSIREIFR) Z2HH L TWoE, AMFZHE I LT D, 2—HiF,
FDPS TEBDK T2 KD Jike BRI LN TE D,

AFTE, £ CDIZT— ROMHEHGIEIZDOWTHIAZLIT S, IRIZ Springel D J5i£1ZD
Wi 21T o 72, o 7NV a— ROhEIZDOWT BRI T 5,

7.1.1 O—ROFEARAE

RIEICIRR72BD . R — NIZMBIRMO NA/SPHY I 2ab—2a v ({753 —RTh
5, X—0 3R —L BOAIMSEMIE. ROWMREEZERTSY 7 U 27 MAGI (Miki
& Umemura (2018, MNRAS, 475, 2269]) TEK L7 7 7 A V25 AAA TR ET D, —H.
ST ADYIHGAMEAR T — ROWNI TR T 5, Lo T, UTFOFIHTAI— FZ2HH
T3,

e 71 L2 kV$(FDPS)/sample/fortran/nbody+sph (ZFEE)
e VYT 4 L7 FVIZH D Makefile %M

o MAGI % fiio THIHRMITNIES D17 — X 24 M U, . /magi_data/dat BAFIZ
[

o 1< NJ A T make % EFT
e nbodysph.out 7 7 -1 LD HELT

o FEIDfEMT

PR MEIZERBI L TwWn <,
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7.1.1.1 T4 LI MN)REE

YTV a— RO, $(FDPS)/sample/fortran/nbody+sph TH 5, £T Ik, £ I
BEd 5,

7.1.1.2 HUTILIA—RDOT7 714 IVERK
UFEY Yy INVa—rRo7 714 VEKRTH 5,

$ 1s | awk ’{print $0}’
Makefile

Makefile.K
Makefile.intel
Makefile.ofp
f_main.F90

ic.F90

job.K.sh

job.ofp.sh
leapfrog.F90
macro_defs.h
magi_data/
mathematical_constants.F90
physical_constants.F90
test.py
tipsy_file_reader.cpp
tipsy_file_reader.h
user_defined.F90

J

Y= A7 7 ANVDOHNEIZ DTS ZIT 5. £ 9. ic.FOO T IIWIIZM 2 FEK S
Y TN—F UBNEEINT WS, PIHASMAEITMERT oM, HEHABEIhTWS ().
leapfrog.F90 (213 ¥ D#EDKEFRE 7 % Leapfrog k% FI\WTIT O ¥ 7L —F U higEdk X
NT\W5, macrodefs . hiZIFEHEZHIHT 2720DT 70 PNEHRIN TS, fmain.FI0
X7 TV T =23 v DAL VIV —F UDFEEINT\\ S, mathematical constants.F90 IZ
TEFEED, physical_constants.FO (M ERA TR INT WS, tipsy_file -
reader.cpp XU tipsy_file reader.h IZIZ MAGI BN L72Ri ¥ 7 — X %25t 72D DR
BHREHEIN TS, user defined.F90 (Z1k, T — W EHRHCHAMEHBEBMNELEINT
w3,

T4 L2 MY magi datalZid, STOYIARMEEZEKTSY 7 b 727 MAGIIZAJIE 58
FA—=RT 74 ) (magi_data/cfg/*) & MAGIZEIfFEHE S5 A2 ) 7 | (magi_data/sh/run.sh)
DA E T W3,
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7.1.1.3 Makefile DiRE
Makefile DHREHHEIILA T D@D TH 5,
o ZHCXXIZMEHT S C++a v 1 7 2AT 5,
ZRFCIZHiH 9 % Fortran 3 > /31 7 2RAT 3,

2R CXXFLAGS 12 CH+a Y81 SDAVNRAINA TV 3 VEIBET 5,

R FCFLAGS IZ Fortran 2 Y81 S DAV NNA)IVA T a v z2BET 5,

Ad— RCIREEZEHT 2010w D200 v 2702 HELTWS, #lilzwon
Y ZFDEZEDONIOE R Uz, £72, AT — FIZi&, INITIAL_CONDITION DAEIZ)G U
THEMICEREINTHEAINSG Y70 FET S, 205 RIZEFET 24681
WS, FEME macro_defs.h 2 LU CIHE 72\,

o A — NTIZHENEFIHAIZ x86 ik Phantom-GRAPE 541 75 V) 2T 5 Z L N TZ 5,
Phantom-GRAPE 7 1 75V i3 5554, Makefile D4 #{ use_phantom_grape_
x86 D% yes 129 %,

OpenMP > MPI O /A HEHOIBEICBE L Tk, HE3fizSR LU THE W,
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<Y u

e —
FE TR

INITIAL_CONDITION

PSR OB O fEE, Snid, I — RO
fEfgEIcfHENnE~ o0, 053X TD
WINLDMEEIND BERD 5, fHIZIH U T,
MDEDIZHREING, 0:FMEEERA DX
M- % 3288, 1:Cold collapse D #IHAZAM: %
R, 2:Evrard test RO WIHSRM % # IR, 3:
H 7 AR U7z SPHRE AT — X &2 s
5E— NTHEITT7 7 1V EAERK

ENABLE_VARIABLE_SMOOTHING_LENGTH

smoothing length YA 28 /[EE % il {5 5 ~ o
O, ERINTWVWDEEG, 12720 Springel
DHETSPHEME M TON S, KEZRDLGE,
EEEH—2VDSPHI— N5,

USE_ENTROPY

TARDBS T FIRFE % Gk 3 2T 288 & U T
Iy haVY—2 508N EREH D DN
IANF—2HTEh2EETS~Yo0, &
HINTWBGEET Y o= Hwohns,
fHU. #8374 %~ 2 10 ISOTHERMAL_EOS 73%E %
INTVWBEAITIE, BAEEH - D ORNE
TRV F =R X 5 (JEJDFHE
T 2V —2HHT 5),

USE_BALSARA_SWITCH

Balsara switch (Balsara [1995, JCP, 121, 357])
O/ AHEHZHIET S~ 70, EHFINT
WAIGEIIEHT 5,

USE_PRESCR_OF _THOMAS_COUCHMAN_1992

Thomas & Couchman [1992, MNRAS,257, 11]
TIRFE I N7z SPHEHED tensile N E & B <
i FikE AT 222 HET 52~ 270, &
HINTWLGEIIEHT 5,

ISOTHERMAL_EQS

ik FHRTWOFES N ES 2 faET DY
JH, EEINTVIRHEITEFERTHRY, XK
EFROBZHITIFTY buE—AER] gnid,
WES T 2L ¥ — HRADEN T, BIIFRR
BriHERIE 5,

READ_DATA_WITH_BYTESWAP

MAGI DR FT — & % G Ah T BRI HA T —
KX B EATC byteswap U TC T — & % @it AIA L
NEGIET s~ IO, EEINTVWIEEIE
byteswap 3 %,

F 1 aVYAAILVE~YIZOOEEL ©H
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7.1.1.4 MAGIL%2E >R FT—49 DERK

BIR U728 0, 2 —FIXHEFNTIRM OS2 T 5 Y 7 b7 27 MAGI 2, A
TIZHETHITFIEHTT—X2ERT 2HENH S, MAGIL ZRHTELRWa—HX, BT
TEHEVA MO ILORHELEZT— X2 X0 —R3T5ZLA[ETHS, I, &5
BIZDWVWTHFH LR S,

MAGI 2> CT—9ER%EZ1T5HBE U TFTOFIETT — XERE1T S,

1. https://bitbucket.org/ymiki/magi 7* > MAGI # X » > — K L, Web ® “How
to compile MAGIIZEL# & N FIMEIZHE - T, WHLRIGIZA VA b—VT 5,
BU., A>TV a—FRTIPSY 77 A VDK AT — R AAA LY R — b
U TWia\W7ze, MAGI % USE_TIPSY_FORMAT=0N DRETLE I FIN TV L4
Ed 5,

2. ./magi data/sh/run.sh Zfd &, Z#{ MAGI_INSTALL DIR (2 I ¥V N magi 23
VARV EINZT 4L MY %, BENTOT IZALET 2 N KK T O E Y
M2 (X=X —EEBADIRD 73171 MAGL 2 HEIIZIT D ),

3. ./magi data/cfg/*%fREL., X—7 X X—LWMODETINVEIBEET 5, BES
EOFMIZ BV 1 by, Bk, Miki & Umemura [2018, MNRAS, 475, 2269
DE24Hi#BRDZ L, TT7ANVPDOIMET IV (BAR, TI7AHILNETIV) IF
RD 4 7 H SRR I N 5!

(i) ¥—2r <% —ua— (NFW profile, M = 10 My, r, = 21.5 kpc, r, =
200 kpe, A. = 10 kpc)

(ii) 7V (King €TV, M =5 x 10" Mg, rs = 0.7 kpe, Wy = 5)

(iii) thick disk (Sérsic profile, M = 2.5 x 10° Mg, r, = 3.5 kpc, n = 1.5, zg =
1 kpe, Q7 min = 1.0)

(iv) thin disk (exponential disk, M = 2.5 x 10 Mg, r, = 3.5 kpc, z4 = 0.5 kpc,
QT,min = 1.0)

TIANBNETNTIE, 2O00EME X bar E— NIZXH L THOITDIIALETH

57280, §5\OEIREE 2 R OB SIRIMIZR 5 Z e BRI N A WISt L e o

TW2, MAGIDEH DY Y — R (version 1.1.1 [2019 4£ 7 H 19 HK £]) TlZ,

WDV YV —ALT T4 s DEEE— NDREEI N7z, thick disk & thin

disk D/XT A —=RIGED S DY FDPS 5.0d UAiR 62D > TWAE I LIZHERZ

Nz, BARIIZIE, kD MAGI Tl disk 0 DEE DB EZNTRA—R [ %

WUTHET BHITHR > TW2 (FDPS 5.0d AETIZAET 68> 7 a— R T

. f =0.125), BHDY Y —ZATIE Toomore Q value DI/IME Qrpin 28 L

THRET S HATH->TWD,

4. 74 V2 MY magi_ data (ZBEIL, ARD I~ N &3S

[$ ./sh/run.sh }
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5. MAGIWIELLS T ULTWAS 5, magi_data/dat BANIZ, FLER T2 tipsy D
b7 T — ZPERINTVWBIET TH D,

T—9%F o vO0—RTBHEE UFOY A oKX u—RU, . /magi_ data/dat/PAF
IZiEL, BT T —ZDOWMETIVIETRTT 74V METIVT, RTEZITRRS,

e N = 221! https://v2.jmlab.jp/owncloud/index.php/s/XnzvW5XAYwfqZYQ/
download?path=/2Fmagi_data%2FGalaxy’2F21&files=Galaxy.tipsy

e N = 222: https://v2.jmlab.jp/owncloud/index.php/s/XnzvW5XAYwfqZYQ/
download?path=Y2Fmagi_datak2FGalaxy%2F22&files=Galaxy.tipsy

e N = 22: https://v2.jmlab.jp/owncloud/index.php/s/XnzvW5XAYwfqZYQ/
download?path=Y,2Fmagi_data’,2FGalaxy%2F23&files=Galaxy.tipsy

e N = 2% https://v2.jmlab.jp/owncloud/index.php/s/XnzvW5XAYwfqZYQ/
download?path=Y,2Fmagi_data),2FGalaxy%2F24&files=Galaxy.tipsy

7.1.1.5 make DE1T

make I~V R&2HEFTT 5,

7.1.1.6 =217
EITHEILTOED TH 5,

e MPIZfEF LA WEES, ax Y RI4 Y ETCUTFOavx Yy RE2ETT 5

($ ./nbodysph.out }

e MPI 294554, A~V RI4 v ETUTOax Y R2EFTS

[$ MPIRUN -np NPROC ./nbodysph.out ]

Z Z°C. MPIRUN (Z|¥ mpirun *> mpiexec 7% ¥ A%, NPROC (ZIXfffH T 5 MPI 7ut AD
BAB,

7.1.1.7 HEROEN

T4 L2 MV result il NRK T-& SPHR. 7 OR 7T —X 7 74V “nbody0000x-proc0000y.dat”

& “sph0000x-proc0000y.dat” B ENE, Z 2 TxIERZNZIGT 28, vIEMPIDO T
O AFG (T I0HFF)2RT, NHFERTT—XOEH7+—<v NI 15H»SIHIZ
KD ID, hi FOEE, MEDX, y, z BIE, KNTOx y, zBIAROEE L Z>TWNWS, —
F. SPHK FT—20OH 7+ —~<v M, 1FH»SIEICK 7O ID, K +OE&E, fMED
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x,y, z JERE, RiTDx,y, 2@ AO®EE, HE, BAEEDHZDOWNHZALFTF—, TV b
Ov—, o TW5b,

4. N R 78220, SPHR 78218 CHEIRMDOY Ialb—Yaviziroze &0
T =046 2B BEMMEHNADHTH 5,

0.10 | | 0.10
0.051 0.05
> 0.00 > 0.00-
—0.051 —0.051
—04057 0.0 0.1 V1957 0.0 0.1
z z

4: T =046 (2B BB (fE) LA A0 (4) GHEIZITORMETERL 72 N 4Kk
FH 2%, SPH k4125, SR, A ARE 10' K, EHED T8 u=0.5)

PURTl. £ Springel D HIEIZDOWTHH L., DK, v 70 a3— FOEEIZDONWT
SHEHL TW<,

7.1.2 Springel DA%

Springel & Hernquist [2002, MNRAS, 333, 649] Tl&. smoothing length 2 A] 27254 T
H, ROIANVF—L TV bR E—DREFET D L SR AF— L (BARRICITER) HFEX) 2
EAL U7z, AT, o oEAbZ FRICHIHT 5, B AE & LTI, smoothing length
ML ZEEL & ATRD Lagrangian & 32T, Z &R FEBUEDOH RS DR, Euler-Lagrange
HRRAZMEL, WO HDTH B,

EARBNIZ 1, 1 5 132D Lagrangian & UTIRD & 572 E DIEATZ:

N N
L(q, 4 _ ! 2 1 Aip] ™! 7
q,Q)—§Zmﬂ‘i—ﬁZmi iPi (7)
=1 =1

ZZT. q=(ry,...,rn,hy, . .hy) TH O, T EOBBUIITRTHR FHESZRT, r; 3ALE,
h; 1% smoothing length, m; IFE &, ~IXLLELL, p IFBE, A XY o E—BEHE L
N, BAEEDZD DHNBT RN X — u; LIROBERLED 5:

A;

—=p (8)

v—1
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H &

QIHHEIINEH T AV F —% KT, Z D Lagrangian %
> DT,

X (7) O 1VHBEIFEH T A LF—,
% ® ¥ F Euler-Lagrangian HFEAZ o T &, ANHO AR HR->TULES DT

SIZIRD N HO R LM #2E AL 7=,
9)

4
_Trhf’pz - mNneigh =0

¢ =
22T, mIESPHRLFOEITEERET O, Nyein 1$EHR TH (B TH D, Z OISO
—F Lagrange D K€ FiEk% 5 T, Euler-Lagrange HGFEA% & 11X, LA R OEE) GRS
SoN5:
+LJVWW@h) (10)

d’u,
= ij {fz 2VW(T2J’ i)
P
WA — 3 VEAEL, fi 1Z VA term & FFIEN 5 & T

ZZT. P I3EN. ij:’Ti_ ril. W
(11)

hi apz‘ !
=1
i < +3piahi)
EEHEIND,
ROBSFHREBIEI DY b — A, 22 e LRk I b, bR ogEa, T~

< :‘—‘l»\\b
MY —IIEBRIAD & A TIRRNIZIH > T—ETH S, Springel 2005, MNRAS, 364
FTOTY buE e EEDOL A N THMEEZH > TIRO XS ITET

1105) TH, e
VLU TW3:
dA; 1~vy-—1 al
At~ 2 1 ZmJHUUU VWi, (12)
pz’ j=1
dv; a
J':—memmj (13)
visc j=1
) TH B, IL; ITBE LT

Z :T\ Vij = U; — U\ U ‘iﬁg\ W@'j == %(W(szahl) + W(TU’hJ
. HERXX 22U TIHE 20,
L7253 T, SPHERAEDFNEIZIRD & 512725

\

-
(1) X (9) EUTOREEF GRS, BEp, & b ZIRET S

E m] TU,

(14)

(2) X (11) TEZEIND Vh term %251HT 5
(3) R (10). (12). (13) DAL ZEHET 3,
(4) SPH KiF DAL, HE, T bnv—zIkHEEDTd 5,
J
RINZDOWTIREH 2T, IRITA A V)L —

_
AR, FFa—YEHT 7 A HEMEHBEEDE
W ZTT S, EER FREOERITIEE CHHT 5

F LV DEIEIZD
EOM LI FHLTWE I Eh s, BN THD I LI
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71.3 1—H—FHR

AY VTN A= RO —PFEHRILT T user_defined .FI0 IZEHEINT WD, 1ZUD
ICHEIN TV - PERMOBEIZ DWW THHFIZHIL TH L, FETHERLLSIT,
AY YT a— RiF 2 BEOR T (N K7, SPHR ) 25, ZD72&, FullParticle &
£ 2FBHARL TWB (N KRR T FIC IRZET — X B £p nbody %, SPH K7 HIZ IRAET — X
# fp_sph ), MHAEAMEAIENMEMFEH L WARHEERD 2 MEH 5, D7D, Force %
STEHEL TV (ENFHEMIC JRET — X8 force grav %, EEFHHEHIC JRET — X
Bl force dens %. £ U T, JEHARBIZ K DM (LR, BIZEABIEE) ORI
k4T — & force hydro %; 4B SO I &), AV v F)La—F Tk, HHEDZD,
EssentialParticlel #1 & EssentialParticle] 1% 1 DDJRAET — X B TH 2 Z iU (BAF,
H11Z EssentialParticle #4), % EEEHA & 0 A ELINE EFHRIZ [F U EssentialParticle #4 % {5
5, L72W > T, EssentialParticle Bl ORI 2 i & 2> T W5 (EAIFHEMHIC IRET —
K #l ep grav . SPH FHEHIC JR4ET — X ep hydro ).

BAF, &2 —PEEMOFEIZOWTHAT 2,

7.1.3.1 FullParticle &

F9. N MK 7O FullParticle 81 T& % Ik4ET — X &l fp nbody IZDWTHRHT 5,
DIRET — X BUZIE, N R 2R TWARZ2TOYMEREENTWS, Listing 52
2. ZOPRET — RBOFEEERT, A VNEE OMBIE, 534 BITHMA Lz N ARGHE
PN a—-REFIEAELTH D, iz b o223 I Nz,

Listing 52: FullParticle % (Jk“4: 7 — Z B! £p nbody)
I'x*x*x*x Full particle type

type, public, bind(c) :: fp_nbody !$fdps FP
!'$fdps copyFromForce force_grav (acc,acc) (pot,pot)
integer (kind=c_long_long) :: id !'$fdps id
real (kind=c_double) :: mass !$fdps charge
type (fdps_£f64vec) :: pos !$fdps position
type (fdps_£f64vec) :: vel
type (fdps_f64vec) :: acc
real (kind=c_double) :: pot

end type fp_nbody

Iz, SPH R T-H® FullParticle B Td % R4 T — X Bl fp_sph (ZDWTHEHT 5, Z DIk
HF =221k, SPHRI T > TWARELTOYHENE TN T WS, Listing 5312, Z
DIRET — XA MDFERE 2 RT, A UNEHDON, EEBREHDFEIRIZIRDOED TH5: id (i
%), mass (H&E). pos (fi#E [r;]). vel (HE [v;]). acc_grav (EJIIEE), pot_grav
(EHNART ¥ v)V), acchydro (JEHAENIEEE). dens (% [pi]). eng (BAIEEDHZD
DRI T FINF — [4;]). ent (T b Y- [BIF, BTy oY —|[A)]). pres (N
[P]). smth (smoothing length™ 7 [h,]). gradh (Vh term[f;]). divv (V-v);, T2 T &
D lFRT i DALETOWIT 2R L TWD), rotv ((V x v);). balsw (Balsara switch D7z

ET) 37— 2 OUVBIEAY 0 1273 B BRE L € 3.
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H &

D OFRET, EFEAIL Balsara [1995, JCP, 121, 357] @ f(a)). snds (&), eng dot (eng
DIFHZILE), ent_dot (ent DHFHIZALZR), dt (Z DR T DOHEZ FEIRD I 5 & SITEF
TN B IR DI A )

UNORICHER U THE 2\,

o SPHN T2 B 2 tHAAFMHGIREIX. EAHFHE., BEFE, ENARNEEZIED 3D
5D T, ZNIZ)H U T copyFromForce /R XH 3 DHEINT WS,

Listing 53: FullParticle % (Jk4E 7 — & % fp_sph)

type, public, bind(c) :: fp_sph !$fdps FP
!$fdps copyFromForce force_grav (acc,acc_grav) (pot,pot_grav)
!$fdps copyFromForce force_dens (flag,flag) (dens,dens) (smth,smth)
(gradh,gradh) (divv,divv) (rotv,rotv)
!$fdps copyFromForce force_hydro (acc,acc_hydro) (eng_dot,eng_dot) (
ent_dot ,ent_dot) (dt,dt)

integer (kind=c_long_long) :: id !$fdps id
real (kind=c_double) :: mass !$fdps charge
type (fdps_£f64vec) :: pos !$fdps position
type (fdps_£f64vec) :: vel

type (fdps_f64vec) :: acc_grav

real (kind=c_double) :: pot_grav

type (fdps_£f64vec) :: acc_hydro

integer (kind=c_int) :: flag

real (kind=c_double) :: dens

real (kind=c_double) :: eng

real (kind=c_double) :: ent

real (kind=c_double) :: pres

real (kind=c_double) :: smth

real (kind=c_double) :: gradh

real (kind=c_double) :: divv

type (fdps_f64vec) 1: rotv

real (kind=c_double) :: balsw

real (kind=c_double) :: snds

real (kind=c_double) :: eng_dot

real (kind=c_double) :: ent_dot

real (kind=c_double) :: dt

type (fdps_f64vec) :: vel_half

real (kind=c_double) :: eng_half

real (kind=c_double) :: ent_half

end type fp_sph

7.1.3.2 EssentialParticle &

9. ENFEMHD EssentialParticle 1 THh 5 k4T — X ep_grav IZDWTHHT 5,
ZOPRET —XBNZIE, BHEIEZTOEE, iRT & R TP TWARELTOYHE
BAUNERE UTHRZET WS, Listing 54 12, ZOIRET —&floFEEL2/RI, 1—
Y& EssentialParticle LD E #ERIZ, FullParticle 5D F—X A —D HikzfERT 572
DRI (copyFromFP fEmX) 2 FH L BENH 50, AY 2 7V a— FTIXRLFFEDS 2 FHH
D7z, 2 DD copyFromFP fE/RXMMELELINT WD Z LITEEI N,
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Listing 54: EssentialParticle B (JR42 T — X £ ep_grav)

1 type, public, bind(c) :: ep_grav !$fdps EPI,EPJ

2 !$fdps copyFromFP fp_nbody (id,id) (mass,mass) (pos,pos)
3 !$fdps copyFromFP fp_sph (id,id) (mass,mass) (pos,pos)

4 integer (kind=c_long_long) :: id !$fdps id

5 real (kind=c_double) :: mass !$fdps charge

6 type (fdps_£f64vec) :: pos !$fdps position

7 end type ep_grav

RIT, BEEIE & I A EANEE FHAEH O EssentialParticle Bl T®H % JRAET — X B ep_
hydro IZDWTHRHT 2, ZOIRET — X BUZIE, BEFHE L R ARNEER R 217 5 B
iRTF L GRTFDRORELTOYHEZ A VUNEKE UTR~ZET\W5, Listing 55 12, Z
DIRET — X BIDELKE % RT,

Listing 55: EssentialParticle # (Jk4:7 — X & ep_hydro)

1 type, public, bind(c) :: ep_hydro !$fdps EPI,EPJ

2 !$fdps copyFromFP fp_sph (id,id) (pos,pos) (vel,vel) (mass,mass) (
smth, smth) (dens,dens) (pres,pres) (gradh,gradh) (snds,snds) (
balsw,balsw)

3 integer (kind=c_long_long) :: id !$fdps id

4 type (fdps_f64vec) :: pos !$fdps position

5 type (fdps_£f64vec) :: vel

6 real (kind=c_double) :: mass !$fdps charge

7 real (kind=c_double) :: smth !$fdps rsearch

8 real (kind=c_double) :: dens

9 real (kind=c_double) :: pres

10 real (kind=c_double) :: gradh

11 real (kind=c_double) :: snds

12 real (kind=c_double) :: balsw

13 end type ep_hydro

7.1.3.3 Force &

9. HIGHEHD Force B Tdh % JRAET — X force_grav IZDWTHREHT 5, Z DR
£F— 2B, FHRE (T 2B T OB L LTSNS R TOWIMEE X Y ANEH L
LTHRi>TWBRENDH S, Listing 56 (2 Z DIRAET — X BDFEREZRT,

Listing 56: Force ! (JkR42 7 — X Bl force_grav)
1 type, public, bind(c) :: force_grav !$fdps Force
2 I$fdps clear
3 type (fdps_£f64vec) :: acc
4 real (kind=c_double) :: pot
5 end type force_grav

Iz, BEEHAEHD Force I TH % JRAE T — X force_dens IZDWTHEIT 5, Z DR
T — 2B, BEIREZTSBICZORMEL LTHRONSI ETOYIE L A VU NEKE
UCTHioTWBHEMNDH S, Listing 5712, TOIRET —XBIDFEEZR RS, AY T a—
R SPH #Tl&, smoothing length (Z[EE Tl <, BEIZIGUTELT S, £Dd, A
YNERE U T smth KD, £, BEEMELRERIZ, VAitem BET(V-v),0 (V xv);
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DEFMEZFFT S 720, A U NNEEIT gradh, divy, rotv Z2KfD, A U NEH flag L p; &
hi #IRET 54 TV —2 a3 VEHEDPPNER U 720285 P OFERZ KN T 228 TH 5 (FHE/MIX
MEAFEHBEROHiZ SO Z &),

Listing 57: Force B (JR‘E T — X A force_dens)

type, public, bind(c) :: force_dens !$fdps Force
I$fdps clear smth= keep
integer (kind=c_int) :: flag
real (kind=c_double) :: dens
real (kind=c_double) :: smth
real (kind=c_double) :: gradh
real (kind=c_double) :: divv
type (fdps_f64vec) :: rotv

end type force_dens

B#BIZ, EABLINEEFH R FH O Force BT dh % kAT — X # force hydro IZ DWW TH#
T B, TOYRET —XENK, ENABIEEFREZToZBICzORe L TRoNEE
TOYPEE A VNERLE UTHR> TWAREDLH S, Listing 58 12, ZDIRET — X B D

Kx2RT,

Listing 58: Force #l (Jk4:7 — X # force hydro)

type, public, bind(c) :: force_hydro !$fdps Force
I$fdps clear
type (fdps_£f64vec) :: acc
real (kind=c_double) :: eng_dot
real (kind=c_double) :: ent_dot
real (kind=c_double) :: dt

end type force_hydro

7.1.4 tHEFREREK

2&‘5“/7011/3 — N CEATAMHEAEHBEEITT RN T user_defined.F90 | §§ é?’L“C W
ST AFEEHD O, EHEIE OB EAEH X Ok -8k M EAER), BEGHE
Fﬁ’j@ﬂﬂﬂﬁ&;ﬁﬁkﬁﬁﬁ INb, PATF, JEIZERBHL T\,

7.1.4.1 EAEE
BHFEHOHBEA/EHBELIZ %7V —F ¥ calc gravity_ ep ep KO calc_gravity_ep-
sp & LTHEEINTWVWS, Listing 59 122N 5 DEEE/RT, EHEITE 4HTHNLEZN

HHEY TSN a—RDHDLIF inbfﬁb\#ﬂi%%b%éﬁéﬂtho
Listing 59: fHAE/EABIE (EOFHEA)

#if defined (ENABLE_PHANTOM_GRAPE_X86)
subroutine calc_gravity_ep_ep(ep_i,n_ip,ep_j,n_jp,f) bind(c)
#if defined (PARTICLE_SIMULATOR_THREAD_PARALLEL) && defined (_OPENMP)
use omp_1lib
#endif
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12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41

42

43

44
45
46
a7
48
49
50
51
52
53
54
55
56
57

use phantom_grape_gb5_x86

implicit none
integer (c_int
type (ep_grav)
type (ep_grav)

type(force_grav),

), intent (in),

value :: n_ip,n_jp

, dimension(n_ip), intent (in)
, dimension(n_jp), intent(in)

Ix Local variables

integer (c_int
integer (c_int
real (c_double
real (c_double
real (c_double
real (c_double

nipipe = n_ip

njpipe = n_jp

do i=1,n_ip
xi(1,i) =
xi(2,1) =
xi(3,1)
ai(1,i)
ai(2,1)
ai(3,1)
pi(i)

end do

do j=1,n_jp
xj(1,3)
xj(2,73)
xj(3,3)
mj (j)

end do

) i:oi,j

dimension(n_ip),

) nipipe ,njpipe,devid

), dimension(3,n_ip) :: xi,ai
), dimension(n_ip) :: pi

), dimension(3,n_jp) :: Xj

), dimension(n_jp) :: mj

ep_i(i)%posihx
ep_i(i)%poshy
ep_i(i)%posthz
0.0d0
0.0d0
0.0d0
0.0d0

ep_j(j)hposhx
ep_j (j)hposiy
ep_j(j)%posthz
ep_j(j)%mass

ep_i
ep_J

intent (inout)

#if defined (PARTICLE_SIMULATOR_THREAD_PARALLEL) && defined (_OPENMP)
devid = omp_get_thread_num()
! [IMPORTANT NOTE]
! The subroutine calc_gravity_ep_ep is called by a OpenMP thread

! in the FDPS.

! So, you can use omp_get_thread_num() without

ves.

! calculation will not be performed correctly.

region.
directi
! If you use them,
gravity
#else
devid = 0
#endif

call gb_set_xmjMC(devid, O,

call gb_set_nMC(devid,

n_jp)

n_jp, xj, mj)

call g5_calculate_force_on_xMC(devid, xi,

do i=1,n_ip
f(i)%hacchx
f(i)dacchy
f(i)%hacchz
f(i)%pot
end do

f(i)%hacchx
f(i)dacchy
f(i)%acchz
f(i)%pot

+ 4+ +

ai(1,1)
ai(2,1i)
ai(3,1i)
pi(i)

end subroutine calc_gravity_ep_ep
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!'$0MP parallel
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58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88
89
90
91
92
93
94
95
96
97
98

99

100

101
102
103
104
105
106
107
108
109

subroutine calc_gravity_ep_sp(ep_i,n_ip,ep_j,n_jp,f) bind(c)
#if defined (PARTICLE_SIMULATOR_THREAD_PARALLEL) && defined (_OPENMP)
use omp_1lib
#endif
use phantom_grape_gb5_x86
implicit none

integer (c_int), intent(in), value :: n_ip,n_jp

type (ep_grav), dimension(n_ip), intent(in) :: ep_i
type (fdps_spj_monopole), dimension(n_jp), intent(in) :: ep_j
type(force_grav), dimension(n_ip), intent(inout) :: f
'* Local variables

integer (c_int) :: 1i,]

integer (c_int) :: nipipe,njpipe,devid

real (c_double), dimension(3,n_ip) :: xi,ai
real(c_double), dimension(mn_ip) :: pi

real (c_double), dimension(3,n_jp) :: Xj

real (c_double), dimension(n_jp) :: mj

nipipe = n_ip

njpipe = n_jp

do i=1,n_ip
xi(1,i) = ep_i(di)%posix
xi(2,1i) = ep_i(i)%posihy
xi(3,1) = ep_i(i)%posiz
ai(1,i) = 0.0d0
ai(2,i) = 0.0d0O
ai(3,i) = 0.0d0
pi (i) 0.0do0O

end do

do j=1,n_jp
xj(1,3) = ep_j(j)%posihx

xj(2,3) = ep_j(j)hposihy

xj(3,3) = ep_j(j)hposiz

mj (j) = ep_j(j)mass
end do

#if defined (PARTICLE_SIMULATOR_THREAD_PARALLEL) && defined (_OPENMP)

devid = omp_get_thread_num()
! [IMPORTANT NOTE]
! The subroutine calc_gravity_ep_sp is called by a OpenMP thread
! in the FDPS. This means that here is already in the parallel
region.
! So, you can use omp_get_thread_num() without !$0MP parallel
directives.
! If you use them, a nested parallel resions is made and the
gravity
! calculation will not be performed correctly.
#else
devid = 0
#endif
call gb_set_xmjMC(devid, O, n_jp, xj, mj)
call gb_set_nMC(devid, n_jp)
call gb_calculate_force_on_xMC(devid, xi, ai, pi, n_ip)
do i=1,n_ip
f(i)%acchx = f(i)%acchx + ai(1,i)
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110 f(i)%acchy = f£(i)%acchy + ai(2,1i)

111 f(i)%acchz = f(i)%acchz + ai(3,1i)

112 f(i)%pot = f(i)%pot - pi(i)

113 end do

114 end subroutine calc_gravity_ep_sp

115 #else

116 subroutine calc_gravity_ep_ep(ep_i,n_ip,ep_j,n_jp,f) bind(c)
117 integer (kind=c_int), intent(in), value :: n_ip,n_jp
118 type (ep_grav), dimension(n_ip), intent(in) :: ep_i
119 type(ep_grav), dimension(n_jp), intent(in) :: ep_j
120 type(force_grav), dimension(n_ip), intent(inout) :: f
121 '* Local variables

122 integer (kind=c_int) :: 1i,]j

123 real (kind=c_double) :: eps2,poti,r3_inv,r_inv

124 type (fdps_f64vec) :: xi,ai,rij

125 !'* Compute force

126 eps2 = eps_grav * eps_grav

127 do i=1,n_ip

128 xi%x = ep_i(i)%poshx

129 xi%y = ep_i(i)%poshy

130 xi%z = ep_i(i)'posiz

131 ai%x = 0.04d0

132 ai%y = 0.0d0

133 ai%z = 0.0d0

134 poti = 0.0d0

135 do j=1,n_jp

136 rijhx = xi%x - ep_j(j)hposhx

137 rijhy = xi%y - ep_j(j)hposhy

138 rijhz = xi%z - ep_j(j)hposhz

139 r3_inv = rijhx*riji%x &

140 + rijhy*rijhy &

141 + rijlzxrijhz &

142 + eps2

143 r_inv = 1.0d0/dsqrt(r3_inv)

144 r3_inv = r_inv * r_inv

145 r_inv = r_inv * ep_j(j)%mass

146 r3_inv = r3_inv * r_inv

147 aihx = ai%x - r3_inv * riji%x

148 aiky = ai%y - r3_inv * rijiy

149 aikz = ai%z - r3_inv * riji%z

150 poti = poti - r_inv

151 end do

152 f(i)%acchx = f(i)lhacchx + aiikx

153 f(i)%acchy = f£(i)%acchy + ailhy

154 f(idhacchz = f(i)'hacchz + ailkz

155 f(i)%pot = f(i)%pot + poti

156 end do

157 end subroutine calc_gravity_ep_ep

158

159 subroutine calc_gravity_ep_sp(ep_i,n_ip,ep_j,n_jp,f) bind(c)
160 integer (kind=c_int), intent(in), value :: n_ip,n_jp
161 type (ep_grav), dimension(n_ip), intent(in) :: ep_i
162 type (fdps_spj_monopole), dimension(n_jp), intent(in) :: ep_j
163 type(force_grav), dimension(n_ip), intent(inout) :: f
164 '* Local variables
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integer (kind=c_int) :: 1i,]j
real (kind=c_double) :: eps2,poti,r3_inv,r_inv
type (fdps_f64vec) :: xi,ai,rij
!'* Compute force
eps2 = eps_grav * eps_grav
do i=1,n_ip
xi%hx ep_i(i)%posihx

xi%y ep_i(i)%poshy
xi%hz ep_i(i)Y%poshz
ai%x = 0.0d0
ai%y = 0.0d0
ai%z = 0.0d0
poti = 0.0d0

do j=1,n_jp
I‘ijo/oX = xi%x - ep_j(j)%p03%X

rijhy = xiky - ep_j(j)hposhy
rijhz = xi%z - ep_j(j)hposhz
r3_inv = rijhx*rijhx &
+ rijhy*rijhy &
+ rijhzxrijhz &
+ eps2
r_inv = 1.0d0/dsqrt(r3_inv)
r3_inv = r_inv * r_inv
r_inv = r_inv * ep_j(j)/mass
r3_inv = r3_inv * r_inv
aifx = ai%x - r3_inv * rijix
ailhy = ai%y - r3_inv * rijiy
aikz = ai%z - r3_inv * riji%z
poti = poti - r_inv
end do
f(i)%acchx = f(i)%acchx + ailx
f(i)%acchy = f(id)hacchy + aikhy
f(i)%acchz = f£(i)%acchz + ailz
f(i)%pot = f(i)%pot + poti
end do
end subroutine calc_gravity_ep_sp

#endif

7.1.4.2 HREE

F?njr%:ﬂﬂ@i‘ﬁﬁﬁfﬁqﬁgﬁ I Y7V —F > calcdensity & L THEEIN TS, Listing
6012, ERZ/RY, FHIZ~ 7 1 ENABLE VARIABLE SMOOTHING_LENGTH D3 /& éﬂfb‘é%)‘
BPTHIND, 90)*\7713?3 KREZRDOLAITIE, BEEA—FVa—REh, FREILE
SAFITHALZSPHY Y )L a—R&F iﬁbf%%@f\%%b%gﬁémthouT\
IO ZAPEHRINTVBEHEDFEEZOVWTHENRT 5,

BTI28CTHRHLZE ST, EE p; t smoothing length h; 1£:X (14) & X (9) % 7 &
RN TIRE T 2 BB DD, ZNITIE2 DD HBRAE KEMIZR B ER DD, 201 T
L— a3 &R do-enddo V— 7D T o> TW5, AV 7L a—RTldp & h OFE

Z S RIIZIT D 728, smoothing length DfE % 4 scf_smth 5L TH L EEHEZFEITL
TW5 , 207k, EHHET DHID smoothing length D% hg & T5H5&, ZDA1T L —
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Y a Y DEIZ hy & 025 hypaxaw = scf smth X hyg FTOMESZBILIVTE LI NI &I
75, WERS, GRTYVANOED ZIXFVIFRELRZWNSTH S, HIZZ OHPATA T
L= a U U R IE RO720 by 1 b atw £ D BRENVE WS Z 22D, BEF
DiRTVARNTI p & b ZBZIRETERVE WS Z8IZRD, ZOHE, hiog &k KELL
7- BT, BEHEZCOVEITLENDH D, TOIMIDA TV — 3 Vidf main. FOOD ¥ 7
)V —F > calc_density wrapper CT{IHONTW5, ZOY 7 —F > OEMILE 7.1.5 #iT
179,

JERR do-enddo )V — 7 D#ITIE, Vh term DM, (V- v); KO (V x v); DEIHEZ{T- T
W3,

Listing 60: fHA/EABIE (BEFHEA)

subroutine calc_density(ep_i,n_ip,ep_j,n_jp,f) bind(c)

integer (kind=c_int), intent(in), value :: n_ip,n_jp
type (ep_hydro), dimension(n_ip), intent(in) :: ep_i
type (ep_hydro), dimension(n_jp), intent(in) :: ep_j
type (force_dens), dimension(n_ip), intent(inout) :: f
'* Local parameters

real (kind=c_double), parameter :: eps=1.0d-6

!'x* Local variables

integer (kind=c_int) :: 1i,j

integer (kind=c_int) :: n_unchanged

real (kind=c_double) :: M,M_trgt

real (kind=c_double) :: dens,drho_dh

real (kind=c_double) :: h,h_max_alw,h L,h U,dh,dh_prev

type (fdps_£f64vec) :: dr,dv,gradW_i

#if defined (ENABLE_VARIABLE_SMOOTHING_LENGTH)
real (kind=c_double), dimension(n_jp) :: mj,rij
M_trgt = mass_avg * N_neighbor
do i=1,n_ip
dens = 0.0d0
h_max_alw = ep_i(i)’%smth ! maximum allowance
h = h_max_alw / SCF_smth
! Note that we increase smth by a factor of scf_smth
! before calling calc_density ().
h_L = 0.040
h_U = h_max_alw
dh_prev = 0.0d0
n_unchanged = 0
! Software cache
do j=1,n_jp
mj(j) = ep_j(j)mass
dr%x = ep_i(i)%poshx - ep_j(j)lhposhx
dry ep_i(i)%poshy - ep_j(j)hposhy
dr%z = ep_i(i)Yposhz - ep_j(j)hposhz
rij(j) = dsqrt(dri¥x * dri%x &
+driy * dr%y &
+dr¥%z * drkz)

end do

iteration_loop: do
! Calculate density
dens = 0.0d0
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do j=1,n_jp
dens = dens + mj(j) * W(rij(j), h)

end do

! Check if the current value of the smoohting length
satisfies

! Eq.(5) in Springel (2005).

M = 4.0d0 * pi * h * h * h *x dens / 3.0d0

if ((h < h_max_alw) .and. (dabs(M/M_trgt - 1.0d0) < eps))
then

! In this case, Eq.(5) holds within a specified accuracy

f(i)%flag 1
f(i)%dens = dens
f(i)%smth h
exit iteration_loop
end if
if (((h == h_max_alw) .and. (M < M_trgt)) .or. (n_unchanged
== 4)) then
! In this case, we skip this particle forcibly.
! In order to determine consistently the density
! and the smoohting length for this particle,

! we must re-perform calcForceAllAndWriteBack().
f(i)%flag 0
f(i)%dens dens
f(i)%smth h_max_alw
exit iteration_loop
end if
! Update h_L & h_U
if (M < M_trgt) then
if (h_L < h) h_ L =nh
else if (M_trgt < M) then
if (h < h_U) h.U =nh

end if
dh = h_ U - h_L
if (dh == dh_prev) then
n_unchanged = n_unchanged + 1
else
dh_prev = dh
n_unchanged = 0
end if

! Update smoothing length
h = ((3.0d40 * M_trgt)/(4.0d0 * pi * dens))**(1.0d0/3.0d0)

if ((h <= h_L) .or. (h == h_U)) then
! In this case, we switch to the bisection search.
! The inclusion of ’=’ in the if statement is very

! important to escape a limit cycle.
h = 0.5d0 * (h_L + h_U)

else if (h_U < h) then
h =hU

end if

end do iteration_loop

Calculate grad-h term

if (£(i)%flag == 1) then

drho_dh = 0.0d0
do j=1,n_jp
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drho_dh = drho_dh + mj(j) * dWdh(rij(j), h)
end do
f(i)%gradh = 1.0d0 / (1.0d0 + (h * drho_dh) / (3.0d0 * dens)
)

else
f(i)%gradh
end if
! Compute \div v & \rot v for Balsara switch
#if defined (USE_BALSARA_SWITCH)
do j=1,n_jp
dr%x = ep_i(i)Yposhx - ep_j(j)hposhx
drly = ep_i(i)%poshy - ep_j(j)lhposhy
dr%z = ep_i(i)Yposhz - ep_j(j)lhposhz
dvix = ep_i(i)%vellx - ep_j(jl)hvelix
dvhy = ep_i(i)%velly - ep_j(j)hvelly
dv%z = ep_i(i)¥%vel¥%z - ep_j(jlhvel¥z
gradW_i = gradW(dr, f(i)%smth)
f(i)%divv = £(i)%divv - mj(j) * (dvix * gradW_i%x &
+dviy * gradW_i%y &
+dvi%z * gradW_i%z)
f(i)%rotvix = £(i)%rotvix - mj(j) * (dviy * gradW_i%z - dviz
x gradW_i%y)
f(i)%rotviy = £(i)%rotvihy - mj(j) * (dviz * gradW_i%x - dvix
* gradW_i%z)
f(i)%rotviz = £(i)%rotvihz - mj(j) * (dvix *x gradW_i%y - dviy
* gradW_i%x)

1.040 ! dummy value

end do

f(i)%divv = f(i)%divv / £(i)%dens
f(i)%rotvix f(i)%rotv%x / £(i)%dens
f(i)%rotviy f(id%rotviy / f£(i)%dens
f(i)%rotviz f(i)hrotviz / f£(i)%dens

#endif
end do
#telse
double precision :: mj,rij
do i=1,n_ip
f(i)%dens = 0.0d0
do j=1,n_jp
drix ep_j(j)hposhx - ep_i(i)%posihx
drly = ep_j(j)hposhy - ep_i(i)lposhy
driz ep_j(j)%poshz - ep_i(i)lposihz
rij = dsqrt(dri%x * drix &
+dr%y * driy &
+dr%z * dri%z)
f(i)%dens = f(i)’%dens &
+ ep_j(j)hmass * W(rij,ep_i(i)%smth)

end do
f(i)%smth = ep_i(i)%smth
f(i)%gradh = 1.04d0
! Compute \div v & \rot v for Balsara switch
#if defined (USE_BALSARA_SWITCH)
do j=1,n_jp
mj = ep_j(j)%mass
dr%x = ep_i(i)Y%poshx - ep_j(j)hposhx
driy ep_i(i)%poshy - ep_j(j)hposhy
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144 dr’%z = ep_i(i)Y%poshz - ep_j(j)hposihz

145 dvix = ep_i(i)%vellx - ep_j(jlhvelix

146 dviy = ep_i(i)%vel%y - ep_j(j)hvelly

147 dvikz = ep_i(i)¥%vellz - ep_j(jlhveliz

148 gradW_i = gradW(dr, f£(i)%smth)

149 f(i)%divv = £(i)%divv - mj * (dvix * gradW_i%x &

150 +dviy * gradW_il%y &

151 +dviz * gradW_i'%z)

152 f(i)%rotvix = £(i)%rotvix - mj * (dviy * gradW_il%z - dviz *
gradW_i%y)

153 f(i)hrotviy = £(i)%rotviy - mj * (dviz * gradW_i%x - dvix *
gradW_i%z)

154 f(i)%rotviz = £(i)%rotvihz - mj * (dvix * gradW_i%y - dviy =
gradW_i%x)

155 end do

156 f(i)%divv = f(i)%divv / £(i)%dens

157 f(i)Yrotvihx = £(i)%rotv¥%x / f£(i)Jdens

158 f(i)%rotvihy = f(i)hrotviy / £(i)%dens

159 f(i)%rotviz = f£(id)%rotviz / f£(i)%hdens

160 #endif

161 end do

162 #endif

7.1.4.3 EHNABRMREEGE

JEF3 ) B IE & F DA BEAEFABIEUE 3 7V —F ¥ calc hydro_force & L CTHEEIN T
%, Listing 6112, EHEE2RT, 2OV TN —F ik, & (10). (12). (13) DALDFH,
KO, Springel [2005, MNRAS, 364, 1105] DX (16) (IZfE > T dt DEMHEZIT> T3 (dt 1T
DWTIE IRET — X B fp_sph DFiHZ SO Z &),

Listing 61: M AMEMHBE (EHWAERIEEEM)

1 !'*xx*x Interaction function

2 subroutine calc_hydro_force(ep_i,n_ip,ep_j,n_jp,f) bind(c)
3 integer (kind=c_int), intent(in), value :: n_ip,n_jp

4 type (ep_hydro), dimension(n_ip), intent(in) :: ep_i

5 type (ep_hydro), dimension(n_jp), intent(in) :: ep_j

6 type (force_hydro), dimension(n_ip), intent (inout) :: f
7 '* Local variables

8 integer (kind=c_int) :: 1i,]

9 real (kind=c_double) :: mass_i,mass_j,smth_i,smth_j, &
10 dens_i,dens_j ,pres_i,pres_j, &
11 gradh_i,gradh_j ,balsw_i,balsw_j, &
12 snds_1i,snds_j

13 real (kind=c_double) :: povrho2_i,povrho2_j, &

14 v_sig_max,dr_dv,w_ij,v_sig,AV
15 type (fdps_f64vec) :: pos_i,pos_j,vel_i,vel_j, &

16 dr ,dv,gradW_i,gradW_j,gradW_ij

17 do i=1,n_ip

18 '* Zero-clear

19 v_sig_max = 0.0d0

20 !'* Extract i-particle info.

21 pos_i = ep_i(i)%pos
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vel_i = ep_i(i)%vel

mass_i = ep_i(i)%mass

smth_i = ep_i(i)%smth

dens_i = ep_i(i)’%dens

pres_i = ep_i(i)%pres

gradh_i = ep_i(i)%gradh

balsw_i = ep_i(i)%balsw

snds_i = ep_i(i)%snds

povrho2_i = pres_i/(dens_ix*dens_i)

do j=1,n_jp

!'* Extract j-particle info.
pos_j%hx = ep_j(j)hposhx
pos_j%hy = ep_j(jl)hposhy
pos_j%hz = ep_j(j)hposhz
vel_jhx = ep_j(j)hvellx
vel_j%y = ep_j(jl)hvelly
vel_j%hz = ep_j(j)hveliz

mass_j = ep_j(j)%mass
smth_j = ep_j(j)%smth
dens_j = ep_j(j)idens
pres_j = ep_j(j)pres

gradh_j = ep_j(j)%gradh

balsw_j ep_j(j)%balsw

snds_j ep_j (j)%snds

povrho2_j = pres_j/(dens_j*dens_j)
!'* Compute dr & dv

dr%x = pos_i%x - pos_jhx

dr%y = pos_i%y - pos_jhy

dr’%z = pos_i%z - pos_jhz
dvix = vel_i%x - vel_jhx
dvihy = vel_i%hy - vel_jhy
dv%z = vel_i%z - vel_j%z

!'* Compute the signal velocity
dr_dv = dr%x * dvix + driy * dviy + drkz * dviz
if (dr_dv < 0.0d0) then
w_ij = dr_dv / sqrt(dr%x * dr%x + dr%y * dr%y + drkz * driz
)
else
w_ij = 0.0d0
end if
v_sig = snds_i + snds_j - 3.0d0 * w_ij
v_sig_max = max(v_sig_max, v_sig)
I'* Compute the artificial viscosity
AV = - 0.5d0*v_sig*w_ij / (0.5d0*(dens_i+dens_j)) * 0.5d0*(
balsw_i+balsw_j)
!'* Compute the average of the gradients of kernel
gradW_i = gradW(dr,smth_i)
gradW_j = gradW(dr,smth_j)
gradW_ij%x = 0.5d0 * (gradW_i%x + gradW_j%x)
gradW_ij%y 0.5d0 * (gradW_i%y + gradW_j%y)
gradW_ij%z = 0.5d0 * (gradW_i'%z + gradW_j%z)
!'* Compute the acceleration and the heating rate
f(id)%acchx = f(i)%acchx - mass_j*(gradh_i * povrho2_i x*
gradW_i’%x &

+gradh_j * povrho2_j x*
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f(i)%acchy =
gradW_

f(i)%acchz =
gradW_

f(i)%eng_dot

f(i)%ent_dot

end do
f(i)%ent_dot =
*
/

f(i)%dt =
end do

gradW_j%x &
+AV * gradW_ij%x)
f(i)%acchy - mass_j*(gradh_i * povrho2_i =*
i%y &
+gradh_j * povrho2_j *
gradW_j%y &
+AV * gradW_ij%y)
f(i)%acck%z - mass_j*(gradh_i * povrho2_i =*
ihz &
+gradh_j * povrho2_j *
gradW_j%z &
+AV *x gradW_ij%z)

f(i)%eng_dot

&
+ mass_j * gradh_i * povrho2_i * (dvikx * gradW_iY
x &
+dv%y * gradW_iY
y &
+dviz * gradW_iY%
z) &
+ mass_j * 0.5d0 * AV * (dv%x * gradW_ij%x
&
+dv%y * gradW_ij%y
&
+dv%z * gradW_ij%z)
= f(i)%ent_dot &

+

0.5 * mass_j * AV * (dvi%x * gradW_ij%x &
+dviy * gradW_ij%y &

+dviz * gradW_ij%z)

f(i)%ent_dot &
(specific_heat_ratio - 1.0d0) &
dens_ix**(specific_heat_ratio - 1.0d0)

CFL_hydro*2.0d0*smth_i/v_sig_max

7.1.5 7O 5 LKIK

AREiTlE, Fi
dBHIZ A BRI, YT

WBR7ZE 512, 2o ra—-RTix

THHH,

(a) FIEEERI FH O # A S
TION=0 2MEE X N7-5E

f_main.FOO IZFEEI NV TN I — NAKIZOWTHHZIT D,

EER
I—-FOWRA L EHRIEEIZ OV THHE S5 X 5, T.1Hi5ET
MBSO NR/SPHY I 2L —Ya v 7550

WIS & U Tl MR o, fiEe T 2 S EHAOIMSAL HESI LT
%, EARPNZBAR D 4 D054

XL TWS

ZOWIISEMEZa v A VA T a v HFIZ-DINITIAL CONDI-
GEIRE NS, WIASRMERSIL ic.FO0 DY 7))L —F ¥ galaxy -

IC Cfthbih 3, &“—&7& E EONMEIZHERNIC MAGI TERI N7 71 )V % 5

AATREIND,

— . HADOHNGEIXZ DY TV —F VNI TERI NS,

—

5

7 )V b TR 72 218 T exponential disk (M = 10'° My, R, = 7 kpc [scale radius],
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R; = 12.5 kpc [truncation radius], z; = 0.4 kpc [scale height], z; = 1 kpc [truncation
height]) KT N5,

(b) Cold collapse [ HDO#MZAME, Z DHIIASMAE T > /31 VA T2 3 VIIZ-DINITIAL.
CONDITION=1 2MEE I N7=HEITERI NS, FIASRMA/ERIE ic. Fo0o DY TV —F v~
cold collapse test_IC Tirh b,

(c) Evrard test (Evrard [1988,MNRAS,235911] O 3.3 i) HO#HGM. Z OgIHAZMA:
X3 VRSN A T a3 VIRFIZ-DINITIAL_CONDITION=2 2 EE S N7z 5 & I1TE RIS,
FIHAZAERR X ic . FOO DY 7 —F  Evrard_test_IC Tl b, {ERGEIX 2D
HYH, Y IN—F LV ORBEOGIBOMEEZFHTONLIZLTHET S, 0DHE. KT
R A 72 SPH KL F 70 5 Evrard BROBE NG 2 FK T 5, 1 DGE. AT ARIZH
U7 SPH KL T 5 Evrard BROE LD AG 2 El S 5, 1 28RS 57201213, FHETIZR
HTHHTHE—NTSPHR DT —XZ2EKL TEL BEDD 5,

(d) [-1,1)3 DL FERFZ —FREE D A 5 ZAIRD SPH KT 46 2 /EET % 72 OIS/
BEE— RN, ZOMMASRMEIET Y RA VA 7> 2 VFFIZ-DINITIAL_CONDITION=3 A3 f§
EINGEITERINS, PIHRMERIE ic.FOO DY 7 )V —F > make glass IC T
fibh s,

I— FREROKME I T DL D 127> TW\W5:

(1) FDPS TS 24 7Y =27 b AR & ¥k

(2) (BHETHNIX)Phantom-GRAPE 7 41 77 Y Ok
(3) WG T 7 A N DFEAAA, BT, FIHASMED/ER
(4) M T E TR 7O ME) % G5

URT, H2IZDOWTEFLLS@HHETT S,

7.1.5.1 fdps_controller B8A T o MDERK

2 —HIX FDPS ® APl 23 572812, FDPS_controller BIA 7V 7 b &4 pk L 72
FNIER S5\, A2 )V a— KTl FDPS_controller B4 7Y = 7 b fdps_ctrl % A
A UN—=F VTHEELTVS:

Listing 62: fdps_controller B4 7Y = 7 b DAL

subroutine f_main ()
use fdps_module
implicit none
'* Local variables
type (fdps_controller) :: fdps_ctrl

! Do something

end subroutine f_main

ZZIWIRUEZI—REERIZY Y IV I— Ko REREESZITZROELEZEDTHS Z
CIZFEELUTHSEZY, EEdo#HE» S, LFOHHIZEWT, FDPSD APLIZZ DA 7
VI MDAUNEBE UTIHEOHEINTWS Z 2 IZEEI NN,
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7.1.5.2 BitA. &7
F 3%, FDPS OUIHL/BAE % 1T D BELRH D, IRD KL DT, A VIL—F ik T 5,

Listing 63: FDPS DFd%h
call fdps_ctrl¥ps_initialize();

FDPS I&, BHAE U7 SHHRINICIR T S8 208N H 5, SHliE, 70T T L0 T LHRE
IZFDPS b T X B720, AL VIL—F UV DOBBIZIRD & S IZHkRT 5,

Listing 64: FDPS D& 7
call fdps_ctrl¥ps_finalize();

7.1.5.3 FTT U MDERE ML

FDPS OHIHILIZK I L 7285E. 2—F —13da—RKFTHWA A 7V 27 b 2EHKT %4
Wb b, RETIE, A7V 7 bOER/MEDEFIZOWT, T 5,

7.1.5.3.1 KWTHEAXTY o NOEKE (L

AP TN a— TR NERFL SPHETOT — R 2R LKA 7Y 22 b2
TEMT S, 2 DD% M psys num nbody & psys num sph (£, TNEN, N Kk T & SPH
KT DR FHEA TV 27 b OMANFE S EHRINT 2LBTHS, 2052 D08 EMN, K
FHA TV 27 b RER - PR T L5127 TV 5,

Listing 65: RiFHEA 7Y =7 MDA - #WIH{L

call fdps_ctrllcreate_psys(psys_num_nbody,’fp_nbody’)
call fdps_ctrl’init_psys(psys_num_nbody)

call fdps_ctrllcreate_psys (psys_num_sph,’fp_sph’)
call fdps_ctrl’init_psys(psys_num_sph)

7.1.5.3.2 FEBIEEHA 7Y 7 b DAL & WML

AP )N a— Tk, FHEEBOSEZ, NIRRT SPH R T %2 &8 72k 725
FERHEIND LTI LT 5, ZOHE, BERFEEBERA 7V 22 ME1DTH S,
U72D3-> T, RKI— NTIIHEEBIERA 7Y =7 N OlIES %2 KNI 28 A dinfo_nun
ZHEL, TNEHWTERK - 2RO L 51272 TW 5,

Listing 66: fEIIE®RA 7Y =27 F DA - 1AL

call fdps_ctrllcreate_dinfo(dinfo_num)
call fdps_ctrl¥init_dinfo(dinfo_num,coef_ema)
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7.1.5.3.3 VV—FT7V o NOERKE L

AY v TF)a— Tk, ENFHRH, BEE. EHARNEESREOZNZENIZ1 DT
DYV —ZHELTWS, YU —AT7Yx2 hOYHLOBIZIE, APl init tree D 2
SIBUZEIECHH T 2 KMHE 2K T8 2 T BB H 5, HHFEHOY Y —F TV 7 b
(Z# tree num grav Z /1 U CHIfHIEN5) Tld, B —7VRTFED 3F50OMEZEL TW5B,
—J. BEGRELENARMEEGFEICHHINEGY ) -7V 20 b (ENTNE R tree.
num dens & tree num hydro Z 4t U CHIHIET N 2) TiE, B —H)LD SPHR D 35D ME
2L TWVD,

Listing 67: YV =4 7Y 2 b4 - W)L

nptcl_loc_sph = max (fdps_ctrl¥get_nptcl_loc(psys_num_sph) ,1)
nptcl_loc_nbody = fdps_ctrlyget_nptcl_loc(psys_num_nbody)
nptcl_loc_all = nptcl_loc_nbody + nptcl_loc_sph
!'*x tree for gravity calculation
call fdps_ctrlcreate_tree(tree_num_grav, &
"Long,force_grav,ep_grav,ep_grav,Monopole")
call fdps_ctrl’init_tree(tree_num_grav, 3*nptcl_loc_all, theta, &
n_leaf_limit, n_group_limit)
!'*x tree for the demnsity calculation
call fdps_ctrlcreate_tree(tree_num_dens, &
"Short ,force_dens ,ep_hydro,ep_hydro,Gather")
call fdps_ctrl’init_tree(tree_num_dens, 3*nptcl_loc_sph, theta, &
n_leaf_limit, n_group_limit)

!'*x tree for the hydrodynamic force calculation
call fdps_ctrlicreate_tree(tree_num_hydro, &
"Short ,force_hydro ,ep_hydro,ep_hydro,
Symmetry")
call fdps_ctrl’%init_tree(tree_num_hydro, 3*nptcl_loc_sph, theta, &
n_leaf_limit, n_group_limit)

7.1.5.4 HHEAFREDERE

IS D EL YT IV —F ¥ setup_IC Tl b, ZOY 7 —F iE~¥ 2 d INI-
TIAL CONDITION DfEIZJE L T, WBTI SIZHOY TV —F V2 IFOCHLTE D, HUH
INBZHTN—F 37 uDEDOMGIE, BRERAR7ZED TH S, 518D time dump, dt_
dump, time_end l&. T — X DA O], HKFHEFEE, > Iab—Ya VK T Z
KIEHTHY, % DYARMEERBEBOT TREIRELDTH D, £, BRERM
EY T N=V T DIl (eps_grav). RIZHI N2 KD MZIA (dt max) HFHET 2 HE
M5 (dtmax (ZBIL TIEHBT LHERET 2 HBEIZRW),

Listing 68: #JHASA: D% E

call setup_IC(psys_num_nbody, psys_num_sph, dinfo_num, &
time_dump, dt_dump, time_end)

DR, MR OMIIZE 2% E T 5 ¥ 7V —F ¥ galaxy IC (ZD\WT, HEFHIHEEZ R
RTHL,
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o MAGIHMERT B R 77— XIEMAGL @ I — NNBARTH I NS, BARDOHEH
EMAGI 2ET L SITHNENS 7 7 A1 )V doc/unit. txt (IZREINT WS,
D7 7 AR S Nz B EE, MRS, BAREOME . EH magi unit mass,
magi unit_leng, magi unit_time [ —EH IR IFNIXHR SRV,

o BB FHAIAL T 71 VIL . /magi_data/dat/Galaxy.tipsy TH 5D, HR7 7 1) %
MARFERVWGE, FHTY A2 N2LHT 2MENDH 5,

o BHBDERNT 2 HANMIE R (= /22 +y?) FilAl & 2 JiAIT exponential 7% & 5370 %
ROHZAABETH B, TNTNDHAEDAT —)VEPEH Rs, zd T, DMz b5
P T AR R, 2zt TH B,

o IHHDH ZADEIIFHPREEIZH ZIEE temp L KFER FIZNT AP0 FEm 2 5 2
THET 5, I /31 VI~ 2 B USE_ENTROPY DSE &HIF A/ KEHICEHD 5T, k1D
BN FRRBIZEANERED 2D ORNPBZ AN XL UL THA2BENH S (fp_sph D
AV INE R eng), USE_ENTROPY EZRIFADH S, A1V I)V—F £ _main() TV
HEINTWB Y70 —F 2 set_entropy (2 &> T, EHREIN/ZEE L AT R ILF—
DYHHEP SHIIT > bR E—PHBICREI NS, RERDHE, T I THREL
7z eng DA Z D F TN XL F —DYIHAE & 72 5,

7.1.5.5 FREDENDELT

BEOK THIH L2 LHEIT. ThozA/LELRN T AMEICHEDWTHESE#ZFETT 5
Wi, MEIRIESR A 7Y 22 D 2 DD APl collect_sample particle & decompose -
domain ZfHT 2 HELH 5, £3. API collect_sample_particle TZINENDRK T-#f
FATI2 7 oYU TINVRTE2EDE, TDEE, 2EBEBUBOR FREICK T 21
CHLTIEE, B 3 518IC false. 2B ETIHMENH D, COEBEN RV E,
1BEEOHRFEHEA TV MOBEBRNM V) T7SNTLEINLTH D, TRTD
RFHEA TV 7 MR LT, 2O APIOUH U2 5725, APl decompose domain
TR E %2R 5,

Listing 69: S5 & D FEAT

call fdps_ctrllcollect_sample_particle(dinfo_num, psys_num_nbody, clear)
call fdps_ctrl¥collect_sample_particle(dinfo_num, psys_num_sph, unclear)
call fdps_ctrlidecompose_domain(dinfo_num)

7.1.5.6 K FRXEDEIT

SRR L 7 UL 30 C 7 1 AMIOM F O ML ST B 1218, K TREA 7Y =
2 M API exchange particle Z{#ifH 3 %:

Listing 70: K. 73D FELT

call fdps_ctrllexchange_particle(psys_num_nbody,dinfo_num)
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2 call fdps_ctrljexchange_particle(psys_num_sph,dinfo_num)

7.1.5.7 MHEERFHEDET

A E - KT IEHASE T Ut S, BRI O N £ Yok 5 5 7200, MHEIRR%
175 BED BB, UFI, A > T3 — RIZB 50 B B ORI EAER 50
S R, BICEAAEE L. T O%, BIEHE - EAARIEET 2T > T0 3,

Listing 71: MHAEEFHEIHEDOFELT

1 '**x Gravity calculation

2 t_start = fdps_ctrliget_wtime ()

3 #if defined (ENABLE_GRAVITY_INTERACT)

4 call fdps_ctrliset_particle_local_tree(tree_num_grav, psys_num_nbody)

5 call fdps_ctrly%set_particle_local_tree(tree_num_grav, psys_num_sph,
unclear)

6 pfunc_ep_ep = c_funloc(calc_gravity_ep_ep)

7 pfunc_ep_sp = c_funloc(calc_gravity_ep_sp)

8 call fdps_ctrl’calc_force_making_tree(tree_num_grav, &

9 pfunc_ep_ep, &

10 pfunc_ep_sp, &

11 dinfo_num)

12 nptcl_loc_nbody = fdps_ctrlyget_nptcl_loc(psys_num_nbody)

13 call fdps_ctrliget_psys_fptr(psys_num_nbody, ptcl_nbody)

14 do i=1,nptcl_loc_nbody

15 call fdps_ctrliget_force(tree_num_grav, i, f_grav)

16 ptcl_nbody(i)%acchx = f_graviacchx

17 ptcl_nbody (i)%acchy = f_graviacchy

18 ptcl_nbody(i)’acchz = f_graviaccihz

19 ptcl_nbody (i) %pot = f_gravipot

20 end do

21 offset = nptcl_loc_nbody

22 nptcl_loc_sph = fdps_ctrliget_nptcl_loc(psys_num_sph)

23 call fdps_ctrliget_psys_fptr(psys_num_sph, ptcl_sph)

24 do i=1,nptcl_loc_sph

25 call fdps_ctrllget_force(tree_num_grav, i + offset, f_grav)

26 ptcl_sph(i)¥%acc_gravix = f_graviacchx

27 ptcl_sph(i)acc_graviy = f_graviacchy

28 ptcl_sph(i)acc_graviz = f_graviacchz

29 ptcl_sph(i)%pot_grav = f_gravipot

30 end do

31 #endif

32 t_grav = fdps_ctrlVget_wtime() - t_start

33 !'*x SPH calculations

34 t_start = fdps_ctrliget_wtime ()

35 #if defined (ENABLE_HYDRO_INTERACT)

36 call calc_density_wrapper (psys_num_sph, dinfo_num, tree_num_dens)

37 call set_entropy(psys_num_sph)

38 call set_pressure(psys_num_sph)

39 pfunc_ep_ep = c_funloc(calc_hydro_force)

40 call fdps_ctrl¥calc_force_all_and_write_back(tree_num_hydro, &

41 pfunc_ep_ep, &

42 psys_num_sph, &
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dinfo_num)
#endif
t_hydro = fdps_ctrliget_wtime() - t_start

EFTENFEOHEIOWCHMHT 5, BHFIREIE, N T & SPH R T Oli 530
%, ZOXSBEHOK FREOMT 1 DOMBEEFAFHEZITIICE, YV —A4T7V =2 A
@ API set_particle_local_tree ¥ calc_force making tree Z &L E THHT 5 HEN
Hb, 3, FRFHEA 722 MU T, APl set_particle local tree Zf#->T. ki
THEHREY VATV MZET, CDEE, 2BHEBLUBORNFEHEA TV b
IR 2MUOHBL TR, 8B 3 5I8IC .false. 2IEET 2R EI’H D, ZODEE

AEWE, ChETY U —F ISz FCELERFERN U 7SN TLES

NoTH D, BNFFHICHERT2IARTORFHA T2 MIHLT, 2O APIOIFY
HMUMSET U726, API calc force making tree CHHAMEMHGHE 2175, HAEMEHEIHED
FERZIE T 5720121, APl get force Z{H5, Z® APLIZAIBUTER i ZHLD. API
set_particle local tree Ti & HIZFARATZK T2 SMHAMEAZIERT, Lz2->T,
2 M H DO FHEOHEEHOMR 2GS 556. BYICA 7y MaziEE T 54
ERH D LIZERI N,

RIZEEE R & R A AR EFTBIZ D WTHIHT 5, 2o OFFFEIE 1R 7 U 23
DoBRWEZH, KFa—hMI) TN TINETHE>TE7 API calc_force_all_and write_
back WMEHATE %, FENARMEEZIZBEL TIX., Y7 —F 2 fmain HTZD API 2B
PP L TWB, —J, BEHEIZ BT14HTHERRZEY, p 2 h, DA TL—Yay
FHAEBIR U0 o728 EDTODNUIPNRETH D, TE Y T)L—F > calc density.
wrapper D TIT>TW5, EEIFIRD &L 51272 >T\W5, FEHII~ 2 0 ENABLE_VARIABLE
SMOOTHING_LENGTH 2 EHEF ANRERZ N TAIKL TH Y, REZRDGEITIZEERN —*
VD SPH I—R&745DT, HiZ, API calc_force_all_and write back % 1[R]721) 54T
LTWwa, —fi, L7 udlE@RBFEADLE. TXTORTD p; & hy BIFFITHRE X
N5 F T, API calc_force all and write back Z#t VR UFEITT 5, SR FHUNHKL 72
DPDOIERIZIRE T — X B fp_sph D A Y NEH flag IZHEMSI N TH D, A1 D& SR
LTWBZL%/RT, flagn'l ZEE R TH0H % SPH R FBUZ —B L 72 & IR 24D
LHETW5,

Listing 72: ¥ 7 )V —F >~ calc_density_wrapper D%

subroutine calc_density_wrapper (psys_num,dinfo_num,tree_num)
use fdps_vector
use fdps_module
use user_defined_types
implicit none

integer , intent(in) :: psys_num,dinfo_num,tree_num
!'* Local variables

integer :: i,nptcl_loc,nptcl_glb

integer :: n_compl_loc,n_compl

type (fdps_controller) :: fdps_ctrl

type (fp_sph), dimension(:), pointer :: ptcl

type (c_funptr) :: pfunc_ep_ep

#if defined (ENABLE_VARIABLE_SMOOTHING_LENGTH)
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15 nptcl_loc = fdps_ctrlyget_nptcl_loc(psys_num)

16 nptcl_glb = fdps_ctrlyget_nptcl_glb(psys_num)

17 call fdps_ctrlget_psys_fptr(psys_num, ptcl)

18 pfunc_ep_ep = c_funloc(calc_density)

19 ! Determine the density and the smoothing length

20 ! so that Eq.(6) in Springel (2005) holds within a specified accuracy.
21 do

22 ! Increase smoothing length

23 do i=1,nptcl_loc

24 ptcl(i)’%smth = scf_smth * ptcl(i)%smth

25 end do

26 ! Compute density, etc.

27 call fdps_ctrlicalc_force_all_and_write_back(tree_num, &
28 pfunc_ep_ep, &
29 psys_num, &
30 dinfo_num)

31 ! Check convergence

32 n_compl_loc = 0; n_compl = O

33 do i=1,nptcl_loc

34 if (ptcl(i)%flag == 1) n_compl_loc = n_compl_loc + 1

35 end do

36 call fdps_ctrliget_sum(n_compl_loc, n_compl)

37 if (n_compl == nptcl_glb) exit

38 end do

39 !'* Release the pointer

40 nullify(ptcl)

41 #else

42 pfunc_ep_ep = c_funloc(calc_density)

43 call fdps_ctrl¥%calc_force_all_and_write_back(tree_num, &

44 pfunc_ep_ep, &

45 psys_num, &

46 dinfo_num)

47 #endif

48

49 end subroutine calc_density_wrapper

Y7 ) —F ~ set_entropy l&. FIHISHIEEE 1 BIZIFROHEINEY TV —F VT, T
yihuvY—ofliEEz 2y 95, NQ) o, TV ha—2EET DIV E B
ThHb, TD7=H, YT —F 2 calc_density wrapper DEIMES N T WD, YT IL—
F V set_entropy Tlk, FHEINEEL o, OYEEZF->T, T hpE—%2%ty M7
5, ZNLEIEZ, =¥ ba =2l E KL k5,

7.1.5.8 BEEBEQIL—7

AY T ) a— KTk, FEFED % Leapfrog RREIFE D IEIC & > TIT > TW5 (2D HIEIZ
BL Tk 41354823 RIN720), KA EZREHEET S D) ARV —RIET T
V—F v full drift, R FHEZKEHEEST D K() ARV —XIFY 7))V —F V initial_
kick, final kick & U CTEEI N T3,
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MIT 7 1 &> ZIZH#ES 5, HEHEBEDO AT 25513, Iwasawa et al. (PASJ, 68, 54).
Namekata et al. (PASJ, 70, 70) D5[fH% BFHWL £ 9,

PLIRBSEED Particle Mesh 27 7 A1 GreeM I — N (BAFEH - AILEH, U E) (Ishiyama,
Fukushige & Makino 2009, Publications of the Astronomical Society of Japan, 61, 1319;
Ishiyama, Nitadori & Makino, 2012 SC’12 Proceedings of the International Conference on
High Performance Computing, Networking Stroage and Analysis, No. 5) D€ ¥ 2 — )L % {fif]
LTWa, GreeM I — FiX Yoshikawa & Fukushige (2005, Publications of the Astronomical
Society of Japan, 57, 849) TEM» N7z 3 — R ZX—ZA & L TW5, Particle Mesh 7 7 A % fifi
HLUTWaEGEIX., L3 2O XHD5IHZBREWL £7,

PLIRBERE D S B x86 hit Phantom-GRAPE % fliH 9 % %4 1% Tanikawa et al.(2012, New
Astronomy, 17, 82) & Tanikawa et al.(2012, New Astronomy, 19, 74) D5[H% B\ L £ 7,

Copyright (¢) <2015-> <FDPS development team>

Permission is hereby granted, free of charge, to any person obtaining a copy of this soft-
ware and associated documentation files (the “Software”), to deal in the Software without
restriction, including without limitation the rights to use, copy, modify, merge, publish, dis-
tribute, sublicense, and/or sell copies of the Software, and to permit persons to whom the
Software is furnished to do so, subject to the following conditions:

The above copyright notice and this permission notice shall be included in all copies or
substantial portions of the Software.

THE SOFTWARE IS PROVIDED “AS IS”, WITHOUT WARRANTY OF ANY KIND,
EXPRESS OR IMPLIED, INCLUDING BUT NOT LIMITED TO THE WARRANTIES
OF MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE AND NONIN-
FRINGEMENT. IN NO EVENT SHALL THE AUTHORS OR COPYRIGHT HOLDERS
BE LIABLE FOR ANY CLAIM, DAMAGES OR OTHER LIABILITY, WHETHER IN
AN ACTION OF CONTRACT, TORT OR OTHERWISE, ARISING FROM, OUT OF OR
IN CONNECTION WITH THE SOFTWARE OR THE USE OR OTHER DEALINGS IN
THE SOFTWARE.
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