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Parallel Computation of a Lattice-gas Two-phase Flow Simulation Code on a Workstation
Cluster

Tadashi WATANABE, Ken-ichi EBIHARA and Katsumi KATO*

Center for Promotion of Computational Science and Engineering
(Tokai Site)
Japan Atomic Energy Research Institute
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(Received April 14, 1999)

A two-dimensional two-phase flow simulation code based on the lattice-gas method is
parallelized using the MPI library. Parallel computations are performed on a cluster which
consists of four workstations connected by a network. The efficiency of the parallel compu-
tation using the workstation cluster is discussed by comparing with that using the scalar-
parallel server AP3000 and the vector-parallel super computer VPP500. Although the
bandwidth of node communication for the workstation cluster is 100 Mb/s, which is much
lower than that of the parallel computers, reasonable efficiency of parallelization is obtained

on the workstation cluster in comparison with the parallel computers.

Keywords :  Lattice-gas Method, Two-phase Flow, Parallelization, MPI, Workstation
Cluster, VPP500, AP3000
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1. (ZL®HIC

AAEF AR BRIEMiE Y 2 —cr. BEFHSBcHloh 2 86MES L LT,

REV RS - BHERZ L Y D, TOEPEBELHERS Iav—va v 2B LCHEHT S
HREED T 5, HEBHROMTE, BE. Frx-2 -7 2HBERCREI L~k
ESEREK O HBERX P RIEN R C L X > TITbh T35, EFFEOBFEI L LT -
&L EARNPOBRETH 3 “HMBEROBTICH e - Tk, EPHERXCHRERE ] b Hr0F
B REX T LERD S, MR, ZHOFREHOBRERHACEILT 5 &, L
TWHEBEERLE Y, —DOHERRHT B LAY X ) HRFERSEL b BRIt
T5, DD, ENETNOHNBREHEFAOR TR -2, BEMOBER L Lo HRARET
& JUHE LR FRERROBIL A &2 FIRCER 5 BWERD 57D TH 5, ADLHARFRELE
DAFERAPCHHERMD & 5 ABSICHESTELER & LCXH, T T e L
TEHET LB TE 5, JUBCHRIEESBEAL Y REXEL withvCik, #iHOKRER
B owX XA, IMHOFA FRIcX Y THO T2y 7V v 7883
HiEBH bR 2, COHE, FEEZE L TOEBE e A ¥ — ik Ol Ic (X EZEEER
BRI AREAR L *HVE T ERHENW (1],
BAREIES . SROTROET « 3T BB EFEROBINL E LT ORI (FiAE
F) X 2EANAEBTH S L EL, KT OEBZIBH L £ OB ATFEE L Lciihg
DR, HE 7 & OFBEPRAER KD SR T1E LN 2 BERE XD 5, B THCR, 370
RUSATHET - 3TOEBYROSBEFE L Iav—vavEvFasaE [2] ©. SF8HH%E
EZ By AVAIEy 7B wLEB= 7 a L XA THREHF 2R SBTFHRAROFE 4. X o—
AR—F 4 JAROFE) Db, thb, RENARTHEDS bEHEY Iav—vavE
viarnphid, HEKEOBROZDICEL Y2y HFERZBCEEL LTRELTEA DD
T, FNBORER T CH T 2R FOVFHHBATEDK 0.01 BEL LoBS AL 5,
ENLTOHE. EHETE MERZE I ADCRBRARON FALEE & ) BED R — 3~
IV 2—ZDVRATHYRT L AS, Thbb, HEVIav—YarvEryFAarakli
T, CHMERS TR TE R, FFEINEEG, FFREICEB NIRRTy vy A ORDT
BB HRER AL 2D, BTENBEL A5 L NOHECE L OHEMRBRLE L 2, T, &
HOX Y4 ZXBDTORELOF—F—TH57cH, ZHROHEXFTOBK L 3HE L L
Th. ZHRATOER - BRclL 35 FEICH FL L ToI s nhfike— Yol
HEWCBE b5, BRTHAAFROFER, WENAZR R T CEREBEA, BT LCHRES LK
T80 R gtk F OB CHAER ¥ BT 5 b DT, 2L DHRBR O EARRBICTTL B 1IC
b b od, IPENAFKIDS . LAl Frv=rFEXORAAY KLY, i
o3, ZLORBBEPHEENARE L BETCHECE3L5KhoTETEY, 4%, I0H
BIEREbDEBbNE, RA—ZRR—F 4 7ARDFERLZOMOK TR, HBREOHE
K L CRBBERTH D, HECHIRZ CEENATNO A2 — v A RBREINE T LM
%\,

BIFER, o TEBICRR S 2 3N ARE % N A RIS & FRFICRD 72 b . SMERFTH
DEFELHRAEORREL 2R T 20BN TV 225, EBODAE WERNARNBE Y HEHT

__1._
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3D RHETFERE S T o REXED Y. —RCSBORTHLEL % 5o FE, FHHES
F v b7 =2 O & WHIFHEEMOBRIC & b A>T, SROK T HENRFFRHITHRS
CENABEL BoTETHEY, 4tk RTFHORX RRBRE~OFANPEI LTS (6],
i, chECHHBIDR—R—a v Ea— 2 CRONEHETE Ad ok & 5 A RBEL SR
BRDFHE R, V=27 27— a 2"y a v L~ ACHETCELL5CA>TETND, T
e, V=Y RF—vavenyaviiy b= CER LI 72 8 —%FIH L HFIEE
DEMIH, BEECHR IR AORSE L ok A TAREBH YT LEL bR S,

AWES TR, SHRKOBIERT~OISHSHIRF S N B THEO—D £ LT, BTH A
ROFEED bbb ot by Y TAREFARCLZ 2K MAFiL 2t —vava— FRED E
¥ 2OBFULOBBE L, V-2 27— a v 7 FRE— R BFIFHECO TR T 5,
¥3Ial—vaya— FEFORTRANTT E35C X ERRL. MPI 54 77 J 25t %
7o 7o 2HEIX, COMPAQ (JHDEC) ##V—27 27—+ 2 v % 100Base  — %% » b T4
BEM L V-2 AT —vav 73R8 —%EAL k. HEHRREOUBDODIC, RO
FURHE % RSB BB CBA I h T 2 B LER R 7 7 — WHIBE FH — ¥ AP3000 Fevf <
7 FAWMFITIR —N— 3 v € a— % VPPS00 LT FTo ko ¥ v 7 ARIEG, FBSERSHD
SHERCEWT, ANOFTEBTIR—KEO Y I2v—Yavili
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2. D—0RTF—a IRy~

2.1 HSRBIMEK

WHEEEFT o2V —2 X F— v a vy 52— BB % Fig2. 11IGRT

Ethernet

Switching HUB 100Base-Tx
(COMPAQ Ether WORKS Switch 8T/Tx)
I | 100Base—-Tx Cable

J [ O O O O
I |
1
Display Selector
(Rariton MCP8)
l Cable (Display, Keyboard, Mouse)
—
Keyboard Mouse

Fig. 2.1 Workstation cluster hardware configuration

7—225—iavikCOMPAQ (JHDE C) #:# DIGITAL Personal Workstation 600au
(CPU:Alpha 21164A600MHz, 2MB * + v ¥ 2, A€ J:1.5GB, »— F7 4 X 7:22.5GB,

4mmDAT Drive, 3.5 4 v ¥ FDD, CD =4, OS:Digital UNIX V4.0D) 4&5T3 b,

100Base-Tx 8 £— F 2 { v F v 77 (COMPAQ #% Ether WORKS Switch 8T /TX)
THIB & Ethernet # M LRI N T, ¥ 1TA v FHIF—FT4RATVA, F—FK—F,
<7 2% 1 8% %L 7 % (Rariton #8 MCP8) #fHwT4ATHEL T3,

V—7Z2F—Lav ] BAOKE X} 40.6emx22.0cmx44.5cm,  15.2kg (BRMERRRES) C»
D, 4B TCEM2ERDEE, F4 XA, F—F— FERZON—ODEED A -2 % BE
Y%, BKERR1EDD, »— FF 4 227 4GB, DAT #EL DIREET 8A(100V)\ BAH
BWENE300W TH b, 46T, 32A, 1.2KW ¢ A b, 1TA v FTF4 X7 v A DREKERIM

_3._
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X 1.7A(100V)s v 7 2 24 v FE2.5A(115V), 2R v F v 77X 0.4A(100V) TH 5,
Thbb, F—ZADRKEIE 36.6A LA %A, BK20A OBHCERL TV,

100Base-Tx IC X 2 EHREDOBERD e, BV —7 X7 — v a VEOF — 2 #E%EE % ftp K X
DHITE L 7o K55 Table2. 11C/RT . wR MR TRIRIC, EhEh, wsl, ws2, ws3,
wsd & Lko BIERE Y — 27 RF—>avdD h—FF4 ZA7BTHNAF Y E— FCfiok, BR1E
77 AABBERSOOMBDF A 7744 TH D, BIGRLBREYV -7 2 F—vavies
WT ftp 2= ¥ ¥ (get) EfTRCERINIBETH Y, 4AAIEL 72D DD LRI EI o
HTH 2, BCFT LS CnFROT -7 27— 2 VIIIK BT b 3 Xk £ 86Mb/s(1.1e+04kB/s)
DEERREHBEH I N TS, FiQQ IIKRTEBROBE, V-2 A7 — ¥ a YREIDEKEKEE X
A 100Mb/s(A A v F v 77 L 100Base-Tx 7 — 7V OEEEE) TH B T L b, BIED
HEERB LT3 D eEL b S,

Table 2.1 Data transfer rate between workstations (kB/s)

wsl 220 get 1< v FEfT

ws2

ws3

ws4

1.0e+04

1.0e+04

1.1e+4+04

ws2 b get 22~ FRFT

wsl

ws3

ws4

1.0e+04

1.0e+04

1.1e+04

ws3 b get 2w v FEfT

wsl

ws2

ws4

1.0e+04

1.0e+04

1.1e+04

wsd b get 2= v FRIT

wsl

ws2

ws3

1.0e+04

1.0e+04

1.1e+04

2.2 IRIENE

4EDT7—27 27— a3 viEN 1S (Network Information Service) # T2 —#DEH
Z wsl TffoTWwvd, £TO2—YEHT — X (/etc/passwd, /etc/group) Hwsl KH 3,
T, ws2, wsd. wsd O Fr—ALfHEKE wsl @ /home #FNFS=Y v LT3, £V —7
2F—vav®dsy 2Ty 71 [E 4mmDAT Drive I & ) HBICH 5 FICHRE L o

1.5GBD A2 ) ¥ HARRICHERT 27cH, 4 BEDRY v 7AX—2% 45GB CEE L7, ¥
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7~ /etc/sysconfigtab 7 7 £ A DHiDper-proc-data-size % 1610612736 (1.5G) KEHE
L. i3 252005 2 — X #$ikiC 1610612736 LIBIFRET DL LICX Y T'v 7 T LHEfT
BOF—EH LR, 2E 9 794 XJRUT FLRAR—2% 1.5GB & Lo 7 74 D41
A% Fig2.21cR"¥

proc:
per-proc-data-size = 1610612736
per-proc—address-space = 1610612736
per-proc-stack-size=1610612736

max-per-proc-data-size = 1610612736
max-per-proc-address-space = 1610612736
max-per-proc-stack-size=1610612736

Fig. 2.2 Parameters in sysconfigtab file

T, WHEHEDOZDOMP 1 ®a<v ¥ (mpif77. mpirun) ¥EFT 25729, BEDARZ
DfiC /usr/local/mpich/1ib/alpha/ch_p4 #.cshrc 7 7 4 AC path & LTEBML, ===
TABHAHE LT, /usr/local/mpich %# MANPATH B L 7zo SR %IEML 7 .cshre 7 7
Ar% Fig2.3ICRT o

setenv MAIL /usr/spool/mail/$USER

setenv MANPATH /usr/man:/usr/bin/man:/usr/share/man:/usr/X11/man:
/usr/local/man:/usr/local/mpich/man

setenv MPIHOME /usr/local/mpich

set path = ($path $MPIHOME/lib/alpha/ch_p4)

source $HOME/.alias

set prompt="‘hbstname‘[$cwd] Q"

set mail=/usr/spool/mail/$USER

set filec

Fig. 2.3 Example of .cshrc file
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23 MPI

YHIFHEEFTS 2OOMP I A4 77 )—Z4 BDT— 7 AT =Y a vFXTD
/usr/local/mpich BIFICA ¥ 2} —A L Twb, a v 4, Efrkfrdz<v FHER
/usr/local/mpich/1lib/alpha/ch_p4 ICLH %,

WHHERXTORE, Tur oL~y vHERFI T re X2 ED2L Y IGEE D EFR
TT2HERDEH, Tk 7 74 A /usr/local/mpich/bin/machines/machines.alpha IC
EhfToTwn3, HlE LT, wsl KBWTFHEL % machines.alpha 7 7 £ A+ % Fig2 4IC/R T
EdbTuez kR b EoTEY, 2HFIOFHAROHSES (wsl) & ws2, 4 HFIDF
Bho, HYHS (wsl) &, ws2, wsdy wsd KBWT, 7 meAREFIND, ws2 TH,
ws3, wsd, wsl, ws2 D¢ L. HABH»OHEVEC4RIC T e 22 RITT B X 5 ICE
E L 7o

ws2
ws3
ws4

wsi

Fig. 2.4 Example of machines.alpha file

mpi %A L 7%z FORTRAN 72 7 5 402 v A4 A Empif77 2= FEHWS, T cc
it makefile #VEK L make 2= FiRX b av 4 a, Vv 7 #TwEFER 7 7 4 AVER
X3 k5K L%, Fig2.5i makefile D#l%R7



JAERI-Data/Code  99-029

FC = mpif77 -I/usr/local/mpich/include -fast -arch host
-assume noaccuracy_sensitive -05 -tune host
PSRCS = main.f blkdat.f addpar.f colorf.f \
rbmax11.f rbmax22.f rbmax33.f \
cdread.f iniset.f  inrgen.f \
move.f msint.f msman . £ msuni.f \
rflin.f rflout.f \
vramf . f vramfi.f force.f \
propffall.f sampleall.f \
collref.f cyclref.f wallref.f
COMON = comonl comon2 comon3
POBJS = ${PSRCS:.f=.0}

cell: $(POBIS)
$(FC) -o $@ $(POBJS) -L/usr/local/mpich/lib/alpha/ch_p4/
~lmpi -lmpe ~lpmpi -1X11 -1m

Fig. 2.5 Example of makefile
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z ik, PSRCS IK;kX s FORTRAN a7 5 a%a vy A A LE—7 74 2B TigH
FoDA7Vz7 b 77 ArEERL, COMONKRENZ 2V 77 ALEBL, EfTH
KD7 741 cell 2VERT B0 2 v A AKDOF T v a vk, -IMFHA v IAr—F7 740
DF 47 FYVTHY, -arch host U -tune host 23, Alpha 7’r v +DT—F7 7 F xC
BLzavA4r s EFOHRELXHERT 5 D, -assume noaccuracy.sensitive 2STEE)/ MK
HEOIEF %, HEL%Mc A 2@EATCHVELSRILEE» 2 b0, 7. -fast -O5 ZRHE
b X 2E#EIEETTD b DTH B, ThoDA 7y avoffiickh, 7 a viRERLOSH
BCHABI OEFEIERE Do

Vv r B ER -LUTHBIATI7IDF4Lv2 v ITHY, - 1UTFHIATFVETS
Do

WHIFHEOESTE mpirun 2=~ F%@EH L. mpirun -np 4 aaa DX SKEHAT L vty
¥+ (BFT5701R) OFF-np CHETLHC LICEIFTI,



3. BFAXZMRM> I ab—> a3 ra—FoiEFHL

AHEBCTHCS My 2t —Yava— FRETFHAREC2BEONTR2HAVEC LK
XY HREXETDDOTH B [4]o A=2— Fid VPP500 LT VPP FORTRAN # AT ¥lit
#fi~, ¥ 7%, AP3000 _LT VPP FORTRN & MPI D% 7o ZBRICEH LD DTH B
[7]lo VPP500 Lo VPP FORTRAN € X 3 #5{b oz, VPP500 @ 7' v + v $fEEEHE
23 400MB/s L EIETH 57D, T— FEEROBREE» 5 L L bFHAMBEOR S A
FHEx2 B L7co T, EROEFI X DEC T, %72, SEODELHEOK, 7— X DA
HEA L OLEEHTWieds, ER EH3ANFUERIER (4 7oty 9 T35 5EREh
Twio L, HBD® CFREOMLE® AP3000 LT MPI KX b 175 & WHHERIRIZ A%

JAERI-Data/Code 99-029

CIETFLZE W7 ey T2348) o

AFEE TR, F-4ABEERPBHREO L. »OERORF 23835 :icky, T hKE
AR COFESAIBEE 25 L S Lo THEFAOFMASER (7). [8) 2B &, YT

I\ A= — F ol K i FHEVEROBIRIC O wTid~ %,

31 *XA4r7nds4u

AAvrardacydsEOBE % LLFKRT,

call cdread

call iniset

call vramfi

call addpar
call rflin

do 300
do 200
do 100
call
call
call
call
call

k=1,nit
i=1,nst
j=1,nis
move
cyclic
wall
collis

force

100 continue

call sample

200 continue

call propff

300 continue

call rflout
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4, 4T A—F v cdread THRTE A & DHBRBDANRITV, ¥ 7 A —F  iniset K&
WTESISLER OV E X T ¥ 7 A—F v viamfi IEHT 2ELBOWMILEfr5 b0 T
Hb, ¥y 7A—F v addpar CRFEINHT LCK TREET 5, c ool #HBIE, BT
OFEEIBIL T, FEORERXTICLHBTED, ¥ 7A—F v flinik, ) 2&— +EHHOE
K77 AL %HRIRLDDTH b, BTHREFARLES Y Iab—vavikdor— 7 THfT
+ 2, 71 —F v move R FOBEH), ¥ 7r—F v cyclic REEHEBROLEAERCE T 55
REBOFE 7 A—F v wall R ETFERC BT 2BREFOFTE, 72+ —F v collis &
HTOBERVEBOERE, 471 —F v force AN NDOHREFHET 2 0TH %, LTEBED
BoOKFERAC X T X4 i, H2VE ETFTECBEZEY DTV A ) —XF—AXHD
Yial—avRBELTWE Y, LTOMRERERET 54— F v£&% wall, D
BREMEZRET A —F vE&% cyclic & LTH 525, ERBERY. BRERSHE. wTFho
ELARETH B, k. BCETAHMOEBEZ 55 LI, FrET 4L DY I
L= av®fT5C L bAIRETH B (9. AMEB TR, v 7AREL LT LTESR L AN
BREUOBEEHRS 2. LTTR, ¥ 71 —F v wall, cyclic & b FHERFHCHIST
53b0ET 5. NNOBER, MTEEDOHA %D 5HRCTHOMEE OSHENCHETIICHET 5
Tk VERT S, L. BT ETHKEDA X DS EOR THEET 2B’ T OBRE
HfTb ko BT HRIETE, & v FHA aERLH TR & FR O FE8 o#EH 2 0
<7 uhYHEEZEHET 2, cOH, nis ATy T LR FOV VT ) v Iy TA—F v
sample TfT\», HE, BEALOPHEEX nst X7 v 7L H TA—F v propf LB WTH
HL. —2ofihiE e ¥ 5, ik, £FToit BEHEFT 5. ¥ 71 —F v rflout @Y 2 % —
FEEAOHNETTS DOTH S,

FTik,. do ~r—7DWMAID move, cyclics wally collis, force. sample, propff @7
DD¥TA—F v OBFMBLOWTIERT 5. L. F— X OFHAAHCH T ORIHARCE &
ETh, HEH T2 DERRTT>Twd, ¥y JREZ—HF— %1, 7vey 3EICH| %
D77ANCEEZL, ENEZHEARUIOILCL TV,

3.2 BB . H7IL—F move

B TOBHYHET DY TA—F v move TR, Bi—7 2ty 4+ COFHEOHESLTD
X RMBET 5,

do 19 i=1,maxlat
gwk(i) =0
19 continue
do 10 ih=1,height-1
do 10 iw=2,width-mod(ih,2)
i = width*(ih-1)+iw+(ih-1)/2
if( ior(grid(i),fix) - grid(i) .eq. 0 ) then
gwk(i) = iand(grid(i), fixc)
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endif
10 continue
do 550 j=1,6
do 550 ih=2,height-1
do 550 iw=2,width-mod(ih,?2)
i = width*(ih-1)+iw+(ih-1)/2
if( ior(grid(i),movef(j)) - grid(i) .eq. 0 ) then

gwk(i+ptf(j)) = ior(gwk(i+ptf(j)),movef(j))
guk (i+ptf(j)) = ior(gwk(i+ptf(j)),iand(grid(i),movefc(j)))
endif

- 550 continue

T, grid(i) AETFrii O HEREZFO—KRTEHITH Y, gwk(i)) Z1 24 625797
HEA R CORT RN EHE T 5 O OVERRABSITH 5, K=— FTrt, RFE#E 4~
A Y OBBAIEFICEL, BTOFEEX1 (AY) 7k 0 (L) KX-oTHRELTWS, &
FoHA L BTHESOMTOGHERZ Ty by ZREhORTOEE 3y LT, 28
Ey FR@ALTEY, SHEE (000 ~111) O FECHI T LN TES, BTFCXFDA W
HHEMOBETHNE, Ty b Thbb 14 VERTETCLBTE, ChPBHTH RIE
DEBELDOFHED—DTH 5, ptf(j) X HEBTHOBDORNODOKRFE~DH FOBEI% /K
THOTH Y, fix IETFHBH~OBE), TADLLEILN TE2RLAERTH 5, movef(j).
movefc(j) kv ENENRTOFE LEROBBEZFF - AFITH 5, FHEBED 2 KT T Ik
Fig.3.1 ZRICTRT X 5 1€, $EHFOR T heighty KO T width 5% 2, Zfa#&
T30, EHAOFIORFHEBHEED LFBFEEC1EL S, coTr, BEHo—F
O T width & Lo —F LD TEHTRL 2—F R EAFERLEOHE ERD—F|IC
HELWKFTH D, KEHEREEOBEEBERZ DD D LA B, ZHEDF S &0 I T8
maxlat T 3,

Y7 A—F v move Tk, ¥ grid(i) Ic B0 2HIEH T OARE TR TN AS gwk(i) ICF
AL, RiC grid(i) BB T 23, BE)T 2 L0 T HAORYS| gwk(i) B %Al do 10
DA— 7Tk, BIER T IO iw(BHFRIOKT-8) & ih(BEH RO TEE) 2HIEERE LT
MBEZTTS5. do 550 DA— 7Tk, BB FICOWTiw(BH RO TEE), ih(MAMOKF
B, j(BEoRToHmE) 2 HIEERE L TOUEB%275, TR, & F7— %% Figd.1 oAX
NESEHEL. dor—7OREHER L L RTREDA vF v 721 % FDXk5cEBEH
5. B, WHEIHZTTS 7ney v BABHLE L, Figl 1AM TCR4 7 ey 4 TT5H
BOTF—AB3BERLTN S,

do 10 ih=1,nheight
do 10 iw=2,width-mod(ih,2)
i = width*(ih-1)+iw+(ih-1)/2+width+1
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10 continue
do 552 ih=1,nheight
if (iam.eq.0.and.ih.eq.1) goto 549
do 550 j=1,6
do 550 iw=2,width-mod(ih,2)
i = width*(ih-1)+iw+(ih-1)/2+width+1
550 continue
549 continue

552 continue

SEL e F T — 21 Fig.3.1 AHCRT X 5K, EFc—¥§-3o% FEBIHOMHEE* K
€TH 5D, MFESDA vF v 7 X ik width+1 HINLTw3%, iam GEHEZEFLT»
37aty +OBSHFDOES (4 7vty 44 H0~3) . nheight (X (height-1) %%z
BeEfT5 70wy Y TCH-2IDTH B, ThAbDbE, FigdlBAHUCRT LS, BEH
M OBEKDEETT> T B, T4, do 550 DA — 7 ENAIOME % HFUET 5 2o, th(E
S H RO TEE) OLEE j(BEORTOHE) DLBEONCE TV S,

3.3 QmEER : S IL—F  cyclic

HEROLEGER TR, BEM FcowTH 7 A —F v move & FEEOMBER FOKT
KL Tii%. Thabb, AFlgrid oBEK FOERICKE > T, EAEROZLEY SLVEEA
A5l gwk ZVERR T %o BiFl gwk 2. 37 A —F v move IC & Y HEFRABORTFICOWT,
HFOBBOMESKT LTS 30TH 5, HFEREHOBE. MO TH width+1
EoF|Trk 1 BHDOKT & width+1 BEOR AR —ORTFTH 5 LT 5, TOHBHEH
DF| & FHEB OFITHRAHEEAZ R, wTFhOFlcBnwT b EAEROBF LT, j=1
b6 FTD 6 HE~DORTOBEB AT 5, H—7 vty yOFFE TR, BIFD X 5 A
150

do 200 ih=2,height-1
i = width*(ih-1) + 1 + (ih-1)/2
if (mod(ih,2).ne.0) then
do 240 j = 1,3
if( ior(grid(i),movef(j)) - grid(i) .eq. 0 ) then
gwk(i+ptf(j)) = ior(gwk(i+ptf(j)) ,movef(j))
gwk(i+ptf(j)) = ior(gwk(i+ptf(j)),iand(grid(i),movefc(j)))
endif

240 continue
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j=4
iw= i+width-1

if( ior(grid(i),movef(j)) - grid(i) .eq. 0 ) then

gwk(iw) = ior(gwk(iw),movef(j))
gwk(iw) = ior(gwk(iw),iand(grid(i),movefc(j)))
endif

do 250 j = 5,6
if( ior(grid(i),movef(j)) - grid(i) .eq. 0 ) then
gwk (i+ptf(j)) = ior(gwk(i+ptf(j)) ,movef(j))
gwk(i+ptf(j)) = ior(gwk(i+ptf(j)),iand(grid(i),movefc(j)))
endif
250 continue
j=1
if( ior(grid(iw) ,movef(j)) - grid(iw) .eq. 0 ) then
gwk(i) = ior(gwk(i),movef(j))
gwk(i) = ior(gwk(i),iand(grid(iw) ,movefc(j)))
endif
do 260 j = 2,6
if( ior(grid(iw),movef(j)) - grid(iw) .eq. O ) then
gwk (iw+ptf(j)) = ior(gwk(iw+ptf(j)),movef(j))
gwk (iw+ptf (j)) = ior(gwk(iw+ptf(j)),iand(grid(iw) ,movefc(j)))
endif
260 continue
else
do 420 j = 1,2
if ( ior(grid(i),movef(j)) - grid(i) .eq. 0 ) then
gwk (i+ptf(j)) = ior(gwk(i+ptf(j)),movef(j))
gwk(i+ptf(j)) = ior(gwk(i+ptf(j)),iand(grid(i),movefc(j)))
endif
420 continue
j=86
if( ior(grid(i),movef(j)) - grid(i) .eq. 0 ) then
gwk(i+ptf(j)) = ior(gwk(i+ptf(j)) ,movef(j))
gwk(i+ptf(j)) = ior(gwk(i+ptf(j)),iand(grid(i),movefc(j)))
endif
i = i+width
do 430 j = 3,5
if( ior(grid(i),movef(j)) - grid(i) .eq. 0 ) then
gwk(i+ptf(j)) = ior(gwk(i+ptf(j)),movef(j))
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gwk (i+pt£(j)) = ior(gwk(i+ptf(j)),iand(grid(i),movefc(j)))
endif
430 continue
endif

200 continue

WHUEC X D ELFD & 5 I do A — 7 OHIEAER ih(FHE RO TH) »EEI D, 7
A—F v move L FERRIC, BTHESDA 7 v 72X i, Fig.3.l GHOEESFIC L - TEZ
GBI X hicki FREH O—FI9 O/ T8 width+1 #iIn3 2. % &, ER&EOLHEO®K, it
HEB2E O L TFERERAZ2AROERFR, TAabLT — 2 58IC X > THE U NERERD
7T — A DOEIEFTT S0

do 200 ih=1,nheight
i = width*(ih-1) + 1 + (ih-1)/2 + width + 1
200 continue
if (npe.eq.1) goto 380
do 370 i=1,npe-1
if((iam.eq.i).or.(iam.eq.i-1)) then
ideso=i-iam+i-1
if (iam.eq.i) then
ii=1
else
ii=width*(nheight-1)+1+(nheight-1)/2+width+1
endif

call mpi\_sendrecv(gwk(ii),2*width+1,mpi\_integer,ideso,1,

c gwkk (1) ,2*width+1,mpi\_integer,ideso,1,
c mpi\_comm\_world,istatus,ierr)

do 650 k=1,2*width+1l

j=iitk-1

gwk(j) = ior(gwk(j),gwkk(k))

650 continue
endif
370 continue

380 continue
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npe FHBCHEHTE 7 ny $OHTH Y, 1 Futy 3 COFHEORS, NEEERE L
LAVWOTCOMEY 2 ¥ » 7T 5, REERTHE. Figd.l KWREND X5 CifKo TR
CHedEHeE ERICKX VRENS 2Xwidth+1 DT — 4% h e b L, HOHHDF— 4
KHhEGbE 2, F— 22X HOVEEMADSI L LT gwkk ZBERALTW3, TTICRL
TR ClX, — DO THEDT— % gwk D4~ Y RTEEEE LT BH, BTOHFET
2HEDT -2 DAFKEHEE, T—2EEREZ L VDAL T EC LHABETD 5,

34 LtTFHR:YF7IL—F> wall

FMEREHOHE. HTHEHEBO L TEFREF—0oRTFIREL 25, CodH EBERTR
THE OB TOBE) (j=5. 6) « THER TR LA % okiToBE (j=2. 3) KO2W»TOMNH
ARV A% ok ToBE (j=1. 4) A FHERTfroTw3, KTOBEOLHED
%, FTSERoF—s2HEhSbE, F—0RELT 2, T b, ETHEROMBEIK - R,
ERER EeHA—o TR LT, FRBERCE» 088 L TRk GHIERCE» LB
BLCE AR FOF— 2 %EhGbt s, COMNER, HEERCEDLILETH B, 2T
ORTHTON TOBEOMESET L TCh LTI BBERED L HH TAr—F v wall DK T
fToTw3, TNOLDIBERHE—7 vty 3 TOHETE, BLTFDXS5CAR>TWS,

ih=height
do 220 j = 5,6
do 550 iw=1,width
i = width*(ih-1)+(ih-1)/2 + iw
if( ior(grid(i),movef(j)) - grid(i) .eq. 0 ) then
guwk (i+ptf(j)) = ior(gwk(i+ptf(j)),movef(j))
gwk (i+ptf(j)) = ior(gwk(i+ptf(j)),iand(grid(i),movefc(j)))
endif
550 continue
220 continue
do 320 j = 1,4
do 350 iw=2,width-1
if ( ior(grid(iw) ,movef(j)) - grid(iw) .eq. O ) then
gwk (iw+ptf (j)) = ior(gwk(iw+ptf(j)),movef(j))
gk (iw+ptf (j)) = ior(gwk(iw+ptf(j)),iand(grid(iw) ,movefc(j)))
endif
350 continue
320 continue
iw= 1
do 420 j = 1,3
if ( ior(grid(iw),movef(j)) - grid(iw) .eq. O ) then
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gwk (iw+ptf (j)) = ior(gwk(iw+ptf(j)) ,movef(j))
gwk (iw+ptf (j)) = ior(gwk(iw+ptf(j)),iand(grid(iw) ,movefc(j)))
endif

420 continue
j=4a
ii= width
if( ior(grid(iw) ,movef(j)) - grid(iw) .eq. O ) then
gwk(ii) = ior(gwk(ii),movef(j))
gwk(ii) = ior(gwk(ii),iand(grid(iw) ,movefc(j)))

endif
j=1
iw= 1

if( ior(grid(ii),movef(j)) - grid(ii) .eq. 0 ) then
gwk(iw) = ior(gwk(iw),movef(j))
gwk(iw) = ior(gwk(iw),iand(grid(ii),movefc(j)))
endif
do 460 j = 2,4
if( ior(grid(ii) ,movef(j)) - grid(ii) .eq. O ) then
gwk (ii+ptf(j)) = ior(gwk(ii+ptf(j)),movef(j))
gwk(ii+ptf(j)) = ior(gwk(ii+ptf(j)),iand(grid(ii),movefc(j)))
endif
460 continue
do 650 i=1,width
iw= width*(height-1)+(height-1)/2 + i
gwk(i) = idor(gwk(i),gwk(iw))
gwk(iw) = gwk(i)
650 continue
do 430 ih=2,height-1,2
i = width*(ih-1) + 1 + (ih-1)/2
iw= i+width
gwk(i) = ior(gwk(i),gwk(iw))
gwk(iw) = gwk(i)

430 continue

FFERFEONE R, WFbic X b EREREEUHEK (lam=npe-1) ¢ FTHERYEL
K (jam=0) TOME L 2%, ThODHFEETH, BIFTCRT IS LF—238c X VKT
‘BEDA Y7y 7 Ri, iw, iBEEIND, ThADLL, 74 —F v move & FHRIC Fig.3.1
HAROFEEDIBC L > T oDA v F v 7 RBEDICGEME hicki FBEBIH O 5|5 0T
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B width+1 0T 2. % 7c, WHREWHOLEOHK, L THEROTF - 208X %TT 5. EAHER
TOF -4 DEAGDE D, do 430 A — 7 OHIBAER ih(FH S FROKTE) OEEICL )T
5o

if (iam.eq.npe-1) then
do 220 j = 5,6
do 550 iw=1,width
i = width*nheight+nheight/2+width+1 + iw
550 continue
220 continue
endif
if(iam.eq.0) then
do 320 j = 1,4
do 350 i =2,width-1
iw=i+width+1
350 continue
320 continue
iw= 1 + width + 1
do 420 j = 1,3
420 continue
j=4
ii= width + width + 1

---------
.........

460 continue

endif

if (npe.ne.1) then

if((iam.eq.0) .or.(iam.eq.npe-1)) then
ideso=npe-1-iam

if (iam.eq.0) then

ii=1 + width + 1
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else
ii=width*nheight+1l+nheight/2 + width + 1
endif
call mpi\_sendrecv(gwk(ii),width,mpi\_integer,ideso,1,
¢ gwkk(1) ,width,mpi\_integer,ideso,1,
c mpi\_comm\_world,istatus,ierr)
do 650 i=1,width
jEii+i-1
gwvk(j) = dor(gwk(j),gwkk(i))
650 continue
endif
else
ii=width* (height-1)+1+(height-1)/2
do 655 i2=1,width
i=i2+width+1

jeii+i-1

gwk(j)
gwk (i)

655 continue

ior (gwk(j),gwk(i))
gwk(j)

endif

do 430 ih=2,nheight, 2

i = width*(ih-1) + 1 + (ih-1)/2 + width + 1
iw= i+width

430 continue

H—Taty 4 COHEDHS, L TERDOTF — 2 REEL T CHEREDLE G TH 2, T
DT aty BB 1 OHE, BELEZRA*y 7 LT, ETHERCR Figd.l KRS
3 X5 CHEESARO Lo ZERTRINETIE TROERTRENIFIBE—TH 5D, I
FlEtH TR C OFID width BOF— 2 28R L, EREDETnE, T2 2ZTREHD
VARG L LT gwkk 2EHL TV 3,

3.5 MR : ¥JIL—F > collis

BT OHEBE TR, HRCX3NEOE L TOEEC L 3BBEOEREL #1755, Kl
FOBEOMBEIKET L e Athl gwk ¥ BCHROMEZTT, FILVWEA LRT v T TORT
HWF— & L UChY grid KHT %0 $7c, BEBEETEGOER LOBTFEZFLI BTN
50 H—7ney# T, LUTF0X s 2MEBEZTS5.
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do 10 i=1, maxlat
grid(i) = 0
igwk1(i,1) = 0
igwk1(i,2) = 0
10 continue
do 250 j=1,7
do 250 ih=1,height-1
do 250 iw=1,width
i = width*(ih-1)+iw+(ih-1)/2
if ( jand(gwk(i), colst(j)*7) .gt. O )then
icolo = iand(gwk(i),colst(j)*7)/colst(j)
igwk1(i,icolo) = igwkl(i,icolo)+1
endif
250 continue
do 900 ih=1,height-1
do 900 iw=1,width
i=width#*(ih-1)+iw+(ih-1)/2

call rbmax11(i,iw,ih,ip,1,ig)

900 continue
do 512 ih=2, height -1, 2
i=1+width*ih+(ih-1)/2
grid(i) = grid(i-width)

512 continue
do 532 iw=1,width
i=width*(height-1)+iw+(height-1)/2
grid(i) = grid(iw)

532 continue

igwk1(i,j) R i HEHOBRT RO j EHOEEO O THTH H, LUTOFHFECEMAT 2 21 do 250
DA—TTHONPLOPATELDDOTH S, Ka— FCRBTOBERYRTAHCIEy ME
ALTWwEA, TCCREMHEMICBREL, BT 2EEHE LT3, colst(j) 1 j AR Fo
BEEZRTIDOTH S, do 900 DA— 7 CHEHELEOBRAE X ToTw5, do 250 & do 900
DON— 7 DHITAERT iw(BUHFIOKFRE) & ih(BEH A O/ FBE) TH 3, o rbmaxll Tl i
BHOMTFEC L. 20 R ANE (iw,ih) 20 AR TE# 2~ 2hckEswc
BT R EORTORBYRET 50 ip A TH EORTOK. ig REZH CAIRE Ak FRE ©
RE— v ORTH B,
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WFULIC B 7c > TRELFD X 5 1c, KT oMY 54 208, HRLE, EAERT — 4 Ol
BBk TFBRESOA v F v 7 AOEEY1T5. HEHEBREEOME2TTS do 250 kU do
900 DA— 7T, HIEAZER ih OB R 2IADE X height-1 2> b 3 FITIK OFE & nheight
~EEFIND, ¥, HEAECRAROKTHOMTOREBRT 2 7cH, DFS WD
ETFERCHFORCOWTF— 2 EEETT5. X biIC, HRLUEKTE, FILwlFro7r —
£ grid ® EFEROF — 2 &£ ETT5. Ch b7 — X ERELECEVEREM ClF gwkk %6
HLTWw3,

do 250 ih=1,nheight

do 250 j=1,7

do 250 iw=1,width

i = width*(ih-1)+iw+(ih-1)/2 + width + 1

250 continue

if (npe.ne.1) then

if(iam.eq.0) then

call mpi\_send(igwkl(width+2,1) ,width*2,mpi\_integer,npe-1,1,
c mpi\_comm\_world,ierr)

elseif (ijam.eq.npe-1) then

iw= width*nheight+nheight/2 + 1 + width + 1
call mpi\_recv(igwk1(iw,1),width*2,mpi\_integer,0,1,
c mpi\_comm\_world,istatus,ierr)
endif

do 370 i=1,npe-1
if((iam.eq.i).or.(iam.eq.i-1)) then
ideso=i-iam+i-1

if(iam.eq.1i) then

is=width+1+1

ii=1

nsend=width

nrecv=width+1

else
is=width*(nheight-1)+1+(nheight-1)/2+width+1
ii=width*nheight+i+nheight/2+width+1
nsend=width+1

nrecv=width

endif

call mpi\_sendrecv(igwkl(is,1) ,nsend*2,mpi\_integer,ideso,1,
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C gwkk(1) ,nrecv*2,mpi\_integer,ideso,1,
c mpi\_comm\_world,istatus,ierr)

do 665 k=1,nrecv

j=ii+k-1

igwk1(j,1) = ior(igwk1(j,1),gwkk(k*2-1))

igwk1(j,2) = ior(igwk1(j,2),gwkk(k*2))
665 continue
endif
370 continue
else
do 265 i2=1,width
i=i2+width+1
iw= width*(height-1)+(height-1)/2 + i
igwkl(iw,1) = igwk1(i,1)
igwk1(iw,2) = igwk1(i,2)
265 continue
endif
do 280 ih=2,nheight,2
i = width*(ih-1) + 1 + (ih-1)/2 + width + 1
iw= i+width
igwk1(iw,1)
igwki(iw,2)

igwk1(i,1)
igwk1(i,2)

280 continue
do 900 ih=1,nheight
do 900 iw=1,width
i=width*(ih-1)+iw+(ih-1)/2 + width + 1

900 continue
do 512 ih=2, nheight , 2
i =width*(ih-1)+1+(ih-1)/2 + width + 1
iw=i+width
grid(iw) = grid(i)
512 continue
if (npe.ne.1) then
if(iam.eq.0) then
call mpi\_send(grid(width+1+1),width,mpi\_integer,npe-1,1,
c mpi\_comm\_world,ierr)
elseif (iam.eq.npe-1) then

call mpi\_recv(gwkk(1),width,mpi\_integer,0,1,
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c mpi\_comm\_world,istatus,iért)
do 650 i=1,width
j=width*nheight+i+nheight/2 + width + 1
grid(j) = gwkk(i)

650 continue
endif
else
do 655 ii=1,width
i=ii+width+l
j=width*(height-1)+i+(height-1)/2
grid(j) = grid(i)

655 continue

endif
3.6 HH : YFSIL—F force

NNOEER, HEBETH FOMERXEZLBTLICEINTS. NN0@»EVROEEE,
DY TA—F v 3RF v TENE, B—7 2ty 3 CoONEIZ, LTFTOX5AdDTH 35,

do 900 ih=1,height-1

do 900 iw=1,width-mod(ih,2)
i=width*(ih-1)+iw+(ih-1)/2

j=2

jm=6

if(  ( iand(grid(i),colst(j)*7)/colst(j).eq.2 ).and.
c ( (For(grid(i),bitchk(jm))-grid(i)).ne.0 ) )
c grid(i)=grid(i)-bitchk(j)+bitchk(jm)
c -colst(j)*2+colst (jm)*2

900 continue

LCTR =2 DFFAICHEE2 DR FHEFEL. 2. jm=6 D HEICKFHBFLEL & W
B, KTFOFE L EEOERY im=6 O HH~BHX ¢T3, #HF{kid. do A — 7Dl
ER (B HFROBTE) 0B LB TESDA vFy 7 2%EFE T LKL DTS5,

do 900 ih=1,nheight
do 900 iw=1,width-mod(ih,2)
i=width*(ih-1)+iw+(ih-1)/2 + width +1
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900 continue

3.7 YrFVrY : $FIL—F sample

BTV V< e RRNBOERERLHIEE KD B edic, FHEEREY L 2D/
ST MEEATRTOR L EERY LT B LItk V7). ¥ 7 A —F sample Tt T
EDZebDF—20HERFT5, B—7 vty ¥k, UTOLE*T5,

do 100 iy=1,sdivy

do 100 ix=1,sdivx

is = sdivx*(iy-1)+ix

do 100 ny=1,nscy

ih = nscy*(iy-1)+ny

do 100 nx=1,nscx

ii = width*(ih-1)+(ih-1)/2+nx+(ix-1)*nscx + width + 1
do 100 m=1,7

if( ior(grid(ii),bitchk(m))-grid(ii) .eq. 0 ) then
j = iand(grid(ii), colst(m)*7) / colst(m)
spar(j,is) = spar(j,is) + 1

svel(j,m,is) = svel(j,m,is) + 1

endif

100 continue

c T, sdivys sdivx @4 7Y v 7 %FF5/MERD y Hl, KU x HEIOETH 5, nscy,
nscx F—2D/NMERYRFD y Hl, R x HEIOBTEHOBTH 5, isBHO/IMERICH 25
¥ j OBLFH23 spar(,is) ICHEE X, HEl m OB svel(j,m,is) KB X 3, /MMERKD
Bk, BTBICERTHERECHR DT, T T TH, spar. svel DRI %3833 C & ixeF,
B DH N D do v — 7 ORIEEREEET 2 Lick b, BTk 5 c¥Flkd 3,

do 100 iy=iam*nsdivy+1, (iam+1)*nsdivy
do 100 ix=1,sdivx

do 100 ny=1,nscy

ih = nscy*(iy-iam*nsdivy-1)+ny

do 100 nx=1,nscx

--------
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100 continue

T 2C, nsdivy i sdivy % fFMLBCHERT 2 7ty YR CH - DD TH 5,
3.8 YHEROAH @ Y 7L—F propff

rrCil, MEIN sFBDHOY Y 7Y v e A NOTEE j Okl F8 spar(j,is)s HHlm D&
B svel(j,m,is) 26 WBOEERUVFEYEHT %, Bi—T vy ¥ Tk, BToXk5%k
MEB%F15 0

do 130 j = 1, maxcol

do 130 i = 1, maxcel
den(j,i) = 0.

veu(j,i) = 0.

vev(j,i) = 0.

130 continue

do 100 i = 1, maxcel
den(1,i) = fhp*spar(2,i).

if (spar(2,i).gt.0.) then
u= svel(2,1,i)* f1 + svel(2,2,i)* £2 + svel(2,3,i)*(-£2) +

c svel(2,4,i)*(-f1) + svel(2,5,i)*(-£f2) + svel(2,6,i)* f£2
v = svel(2,2,i)* £f3 + svel(2,3,i)* £3 +
c svel(2,5,i)*(-£f3) + svel(2,6,i)*(-£3)

veu(l,i) = u/spar(2,i)
vev(l,i) = v/spar(2,i)
endif

tot = spar(l,i)+spar(2,i)
den(2,i) = tot*fhp
if(tot.gt.0.) then

u = (svel(1,1,i)+svel(2,1,i))*f1 + (svel(1,2,i)+svel(2,2,i))*f2 +
c (svel(1,3,i)+svel(2,3,i))*(-£2) + (svel(1,4,i)+svel(2,4,i))*(-£f1) +
c (svel(1,5,i)+svel(2,5,1i))*(~£f2) + (svel(1,6,i)+svel(2,6,1))*£f2

v = (svel(1,2,i)+svel(2,2,1i))*f3 + (svel(l,3,i)+svel(2,3,i))*f3 +
c (svel(1,5,i)+svel(2,5,1))*(-£3) + (svel(1,6,i)+svel(2,6,1))*(-£3)
veu(2,i) = u/tot

vev(2,i) = v/tot

endif

100 continue
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T ¢, maxcol XA FOREEOH. maxcel 3%~ 7Y v 7 %75 /NMEKOH. den(j,i)s
veu(j,i)y vev(ji) X, ENENFANBOFEE. x HEE, y HREETH 3, f1, 2, 31
St 2 EAOFS fhp R TR OB FORABOPETH 5, 471 —F » propff T
HELFO & 5 ICBOBFUE £ FT - 7B, 0BOA— b Tty F~F— 2 2 b,

do 130 j

do 130 i = jam*nmaxcel+1, (iam+1)*nmaxcel

1, maxcol

130 continue
do 100 iy
do 100 ix

iam*nsdivy+1, (iam+1)*nsdivy

1,sdivx

| 100 continue

call mpi\_gather(den(1,iam*nmaxcel+1) ,nmaxcel*2,mpi\_real,
c den,nmaxcel*2,mpi\_real,O,

c mpi\_comm\_world,ierr)

call mpi\_gather(veu(l,iam*nmaxcel+1) ,nmaxcel*2,mpi\_real,
c veu,nmaxcel*2,mpi\_real,O,

c mpi\_comm\_world,ierr)

call mpi\_gather(vev(l,iam*nmaxcel+1),nmaxcel*2,mpi\_real,
c vev,nmaxcel*2,mpi\_real,O,

c mpi\_comm\_world,ierr)

nmaxcel (3% 7' 7t v 3BT HRFEO/NMEBORTH %,
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Fig.3.1 Data decomposition
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4. ¥FFEH

41 LERTADYIalb—var

WIEHOETH L L TN NORED b L C ERAT 3 H—KEOY I 2L —va vRRT. &
AHHRIEE, X (7] CE TR L2 D LE—TH B, 2RTOHEFERKIL z x y = 256 x
512 DRETCHEL., ¥ISRHL LT 674160 MO T2 7 v F LA CERB T 5. —DDORT-IHE
DRELKT® 7D (6 HEI LML) FCHOC L2FTEHEEFARHEAL, BATOMTH
R, 674160/256/512/7 = 0.73 £ 3 %, —DOFAE kicix, FH & LT 5 Bk F23
FET %0 TD5B, (z,y) = (128,205) O TMER A0 & LTHE 102 RFE X 0MBH
AR T-AEE1 & L, BY 2882 L 75, TAbb, BiHREERPO. #EHER T H
»4/10 DIEE OHIFIIC, FIEIED 4/10 DEEOMEEVTVw 3, AN EE1 Ol FiexfL
T kM % 1/800, FEYH 2 DFIFICxf LT TR % IC1/10000 & Lo EHREMZ, ETEAE
b AR St & Lo FTRABEBIG 32 x 64 O FEMAD A b}, HifET 3 100 FE =
Ty 7 RBGIRTFEREDO A FHCLY, <7 eSO RERD L, —HDY 21—
vartikwrsehihigE 100 [EET5 03, TAbL, 100 x 100 DEHEZXF » 7
PEMTTBC LT B,

Fig.4.1, 2 KHNBORTERT. fnBo bR, FHRIEY -2~ AVS 2wV 7
AEALE=ZZ—L AT A0, 11| CE Y FTFoiko VTAZALE=ZE— L XF Ak, RA—rim
B2 — RRHEY— N -7 2 F =2 a vOCETFDO Y I av— 3 v OB Y EERECHf
FIEL, €22 —F5 27 4THD, ik 20 FH (1901 ~20003E 257 v 7OFH) OF
NPT IFEEHABRTCEL, MEEZIBCLVRLAbDTH 3, FigdlZH—7aty
Y (T VORI T -7 27— a3 vORETHEH, UF7uvy 3 Litikd3s) ks
R, Fig4.2@4 7wty V25 HRTH 2, SUENERL 2230 EH L, KMEdEHIC
WAHRET DRHEFHAELN B2, »ih b VPP500 CREBROFH B %17 - 7 XX#k [7] F o Fig.3.2
LEETFROME L A> T3, Figdl & 4.2 Tk, SHEOBRLHGOEMAER A>T WS
By chidy BHREPCHEHT 2585, 1 7oy 3oFF L4 Tty yOBRETRELS &
HEeEZLOIWS, EBE, FFEREAECE Y FE—Dseed HHRET 2 b DTH 55, HFIFE
ThR7 ety VBCEREROEBFIZHCT V2, TOXH, 1 7 uty 0} ECIRERS
T 1 OB R ERT 20K L, 4 T rty YoFETR, F—0 5% 4 >0 EHE
BCERT %, Thbb, 144 LXTy7BWT] ety 4T NBOEKYEHT 25
By 47 ey TR, 4 O0HARRBICFILEESIA b8 L % N/AFBOEKEXERT 3,
e Ly BRI FORMBECL VEDLZ DT vty yEITEA Y, F—o %I
HoTHHBFOMHFT L LIIC, E7rty P THEHALTVEIBTOAE—viEA-TL %, T
Diedy 1 7oty dbdTaey yoHETR, ETRAERFHEERYEL 55, KA
MBI ATHOMNBA L R—BLTE Y, ERNAFNSE Y B3RV EROE B3/~
nZ tbhr b,
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Fig. 4.1 Rising bubble at 20th flow ficld by 1-processor calculation
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Fig. 4.2 Rising bubble at 20th flow ficld by 4-processor calculation
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4.2 HFMLwhER

V=2 AT —va vy 7 RAE—CTOERBORMESROE Y T —F YBICHTIRT .
HEERE, AT R7IATRYTA—F v a— AT BRTHROEEREEIDE L LTRIEL
oo 7Rty T, 2, 4THY, 2XV4 T ety VOFHE TR, A—FTutyHTO
IR L Lo 1 7ay YD HEA—LT 4L 2 P 23D wsl TEfTL, 270ty
YOFEE wsl THEFTL wsl & ws2 D2 HB%HH, 4 7 ety yOFEE wsl TETL,
wsly ws2, wsd, wsd D4 EEHEH Lo WFhoHHED, V-2 27— a3 v bz OSH
BN D 7 v 2R R WREETTT o co 234 A Y v 7 (X DEC $IE® Digital Unix kT Dig-
ital Fortran, R UWFIFHEERE <y 7 — ¥ Digital PSE ® MPI1 2 L 7. 2 v 4 AT
mpif77 -fast -arch host -assume noaccuracy_sensitive -O5 -tune host DA 7 v 3 v #HL
7o

Table 4.1 Calculation time on workstation cluster

W | 1PE T ENR | 2PE TR | 4PE TOZHERHE
(%) (%) () (%) | (B) (%)

move 288.42 8.41 | 143.57 8.33 | 71.43 7.80
cyclic 2.7 0.79 66.03 3.83 | 28.93 3.16
wall 1.01 0.03 2.77 0.16 | 50.97 5.56

collis | 1249.77 | 36.43 | 610.54 | 35.42 | 291.41 31.81
force | 1005.30 | 29.30 | 458.06 | 26.57 | 230.98 25.21
sample | 874.48 | 25.49 | 433.31 | 25.14 | 221.32 24.16
propff 8.61 0.25 9.33 0.54 | 20.82 2.27
Z 0t 0.28 0.01 0.20 0.01 | 0.36 0.04
total | 3430.58 | 100.71 | 1723.81 | 100.00 | 916.22 | 100.01

ETrxofie LT3 0EE, FfEDty PVRFIRE— 77 A1DOBELXLTH S,
SHEEMOFAE (%) RUEAAL TS ®, total IXIEREK 100.00 CidA>TwAW, X
B (7] COMERR LFERRIC 1 7 ety P DEE, T4 —F ~ move, collis, force, sample
KEWT, BEETOHARBZEHALTEY, CoWBHOWSUERBETH ST enbh D,
FHLC & > TTh b DY Tr—F  CoOFEEF O ERMEICED 2 RGHCCRDT S
Dk, 7 A—F veyclic, wall, propff & ¥ CF— FEERREL. &5 LOHERHEINT
27O THb, REIAKETCRS2L 270y 4 TLIME, 472y 3 TIHUGLA->T
5o IEBBIRETOBCE/DMET 223, BIECO X5 aEABE O EH L+ AEEIL
DBERINTVE LX) 3,
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EEETTbAVWS 7 A—F ~ move, force. sample ICDWTHTHS &, R ENOIHERS

FloHRS 7oty S HEHEL 2CRNBD L TnE 5, HEREE O 00EFEILZLL FoFE
@l 5 K&OTV‘%O

Table 4.2 Speedup of the subroutines without data transfer

B 1PE CoOEEE | 2PE T HESE | 4PE CoFERR

(F) (%) | ) ) | & (#%)
move 288.42 1.00 | 143.57 2.01 | 71.43 4.04
force | 1005.30 1.00 | 458.06 2.19 | 230.98 4.35
sample | 874.48 1.00 | 433.31 2.02 | 221.32 3.95

RORT LT — RAEERFTDAVY 7A—F vl BIE7 vt v PHICHH L CEE
EBFBREN TS 2, T A—F v force TR vt v H B LoE#HILE A->TWw3, FE
REORIEBERETBCELEL, ¥z, 7oty VETISOET 28, ¥ T —F v
force KB T 2ERIEDOERIE, BERCRTHEBL A >7ko T A —F » move, force. sam-
ple TR, "FhIHBEFEBAOLZTORT LT 2B Y75 3, EHT 3 EEETROEFIE
¥ T A —F ¥ move CRAGTFIHERD 2O D grid & gwk, ¥ 7 A—F v force TRETFHED grid
LELBERRT SEC5I. Y7 A —F v sample Tk, BTHEERO grid, RN T8 & iEE4EE
5% spar & svel TH B, AtHHITR, B—7 vy $TiEDF] grid & gwk X 2R EN# 515kB,
LB Z KRAT B HCFI 1 39kB. spar (X 48kB, svel 12 336kB T$H 3, T+ A b b, FHEcHIEL
BSIDOREIEY TA—F v force BBED /DML o WHULIC K DEILT 2ERORE X L ¥ v v
2Dk Q1K16KB-F v 7', 2 R96KB-F v 7, 3K 2MB- £—F) , HB3nig=2 <
A7 —CX > TER S N BFIOW U 74 ERFHHAERECHET L L ELOND, ¥, HFLKC
EVEBMOERESED Y, HHEECEELY 5L tbELONE, ¥ T A —F ¥ force IC
B EEEOFERAMETE L, BERTDREVY TA—F v CRDEEFRIEHER X
NTVRTLRTDELLRHERTE 5,

WHUEIC X D EEESTORE Y T A —F v iICDnTH DB L, $TA—F ¥ cyclic ® wall Tt
WEICBIT DB D 7 b, FHEMEOMRIMMNT %, $72. ¥ 7Ar—F v cyclic T2 7'n
Yy YOBEDHH 4 7T vy YOHE XY bHEREA LMY, ¥ T —F v wall CiE, 4
7aty $OEBEIC, JCEHERBAEML TV, LAL, Thidr— 7 ey 4 CoORIE
ETHY ., BMERTONEY TA—F v OHERRER 7 ety Y BCEA TS, 4 7 rty
VO —ZRTOENENDT vy Y (V=2 27— av) TOHFHEREGE, LToEO LS
IKh->Twnw3,
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Table 4.3 Calculation time on each processor

JLPR wsl COEEWRE | ws2 CoOFEBRT | ws3 TOEFEIE | wsd TOEERE

(%) (%) | (B) (%) | ®) %) | (B) (%)
move | 71.43 7.80 | 73.23 7.99 | 73.01 7.97 | 72.34 7.89
cyclic | 28.93 3.16 | 55.27 6.03 | 44.96 4.91 | 50.43 5.50
wall 50.97 5.56 | 0.27 0.03 | 0.25 0.03| 135 0.15

collis 291.41 31.81 | 338.63 36.95 | 348.60 38.03 | 341.76 37.29
force 230.98 25.21 | 230.80 25.18 | 230.87 25.19 | 231.47 25.26
sample | 221.32 24.16 | 217.31 23.71 | 217.85 23.77 | 218.21 23.81
propft 20.82 2.27 0.10 0.01 0.05 0.01 0.07 0.01
£ Dfth 0.36 0.04 0.88 0.10 0.89 0.10 0.91 0.10
total 916.22 | 100.01 | 916.49 100.00 | 916.48 100.01 | 916.47 | 100.01

EEETbAWnY 7 A —F » move, force. sample Tl Fho7 1ty $THRIEFRD
HEMR L AoTWnd, BEXTI 4 TA—F v Tl BRI S FFLRED 0, SRR
KELEAE>TW3, HEBBELR 7 vty P TCRIEFL & A S ¥ T A —F ¥ cyclic TR,
A—tTaty $REIET LTS, Thid, BECELIUEEZ 0FDO T 2t v +1bIHIC
15 7cd, ¥ FA—F v cyclic TlrA— F 7 ak vy 3OFRFLRRBIARBHD AT EE2RL T
Bo Ly BEOBREUPZUIRMEBERD L DY TA—F v wall CA>ThHb DR HE
BB A>TWnb, ¥ 7A—F v propff T\ VM— + 7' rty $EZGHARREE A>T
2. CHRTF—42%87ax vy 3 hoBEDHEAL TR D TH S, 7 vty HHEOFHFERE
DERF, TF— AEERCHEAZ & 2 e TPE L REE, P ZAOHFEREIRPLLHML 2.
T uty $ECHERMCERI IR I —FAr LR T vy HETCRERICTH Y, ETH
EUFULRIEEE L BHE, A— M7 aty YOFHARBIEEANE I wEwS T e, ToX
HHRERTE S, ThbL, Table 4.1 IKRLAA— T vty YOFEREORBICLY, £
il = — Y OMFULRIE R DA B,

4.3 fhETMBEE DL

C TR, HEROABEE®Y X 74, 25 7 —WHIREE Y —~— AP3000 LU~ 7 +
ABFFIR — =2 € 2—% VPP500 KB WCERROHEYEFL, V-2 XF—vav?
AR — L HET B,

¥, WHIREE Y — -~ AP3000 2 v BB Ot HRBZ LI TR 2 v 34 ik pfrt
-03 i1\, BERWHIC 2 77 7 XA~DH T Iy FPa TRV TTo 70



JAERI-Data/Code  99-029

Table 4.4 Calculation time on AP3000

L 1PE T EHER | 2PE COFHERM | APE CoOFHRE
(¥) (%) | B (%) |  ®) (%)
move 400.35 6.11 | 213.86 6.27 | 98.37 5.35
cyclic 3.73 0.06 | 166.09 487 | 82.80 4.50
wall 1.04 0.02 2.89 0.08 | 136.96 7.45
collis | 2442.15 | 37.29 | 1168.83 | 34.29 | 567.26 | 30.84
force | 2350.97 | 35.90 | 1177.36 | 34.54 | 600.07 | 32.62
sample | 1342.01 | 20.49 | 669.56 | 19.64 | 342.97 | 18.64
propff 8.36 0.13 | 10.22 0.30 | 11.00 0.60
£ Dt 0.52 0.01 0.28 0.01 0.16 0.01
total | 6549.13 | 100.01 | 3409.09 | 100.00 | 1839.59 | 100.01

F—ZADFEERITIR2 ety T 19245, 4 ety $T 356 [FOERILSERE
TEh, cTh, ERH LR TIAWIUCIESEB LR TS, B— 7 vt v 3 CToFHREFHEIIR
V=2 RF—2av I FRE—DFEOBLE1/19DRITH I, Thid7 vty HZ0d
DOUREC X B, V=2 R T —Va vy 725 —%KT % COMPAQ600au D7 vt v 4 TH
% 21164A X, # £ v 7{ET SPECint95 23 18.4, SPECp95 2:21.3 TH 5 DicxfL. AP3000
D7aty$TH3 UltraSPARC FEARED 7 v v 7 B 200MHz i<xf L T SPECint95 23
7.72. SPECp95 2% 11.40 T® - %o BifEk 300MHz CEFX L TH Y, 2 E¥h 12.1 KUK 15.5
BEITER-oTwEEELbRD, cid, [FU UltraSPARC A L. 200MHz & 300MHz
DWFHICHIET B EFADH 2 u 7l SPECint95 T 7.67/12.1, SPECfp95 T 11.1/15.5
EhoTnBeHTHE, ThAbb, 7uty yO#BER1/1.5~1/14 tEx bh b, AP3000
DWFNIY a 77 7AW AR ERRNHFTH 525, FRETRBBECHL TR, K27 722 - YL
MEOBAERBBON T LICE S,

IR R T — 27 R F—2a v 2 XX —DFED2 7T uty +T1LINE, 4Tty ¥
TIT4EEHRDB LR E AL AoTVD, 7T uty HHifkE LT 600au DHBRND,
COERNMEL AB VST ik, &y P —27BIL TS AP3000 DAL D 25BN L EZ
bhd, V=2 RF—vav I FRE—F, R4 v F 77T %ML T100Base DA —H% % v
Pk b TR Y, BEREOEAG 100Mb/s TH 5, chickL, AP3000 &/ —F
félix 200MB/s ®» AP-Net ¢ FFENZEAHD 2RT b —F R BIR »y b7 —7 X VERRE A TW
5, Thbb, T XBECBL Tix AP3000 2516 f5EETH B LiCh b, BERFEDER
ik, F—2DOKEXLMPI BT 208, 2 nE7 vty 3B ToTREEED 7 rE X
RETEDLS LEBbh 52, AGFHERETR, 7—FEECEL YTV -7 F—varvrFX
2 — DN BEEA RN R FTToTnwD T e xbh b,

KIC~=7 FAFFIFIZR — A~ 2 v € 2 — % VPP500 2 B0 ER % 7T, 2 v
A 10X frtpx -Sw -Aab -W1, -J, -P OF 7' ¥ 3 v Cfroke 7ty 481 0%, HFIFH
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0)“/’3 7'7721’ﬁ§+ﬁ:i)§§gTLﬁzﬁ)0fC7‘tbf>‘ CC{’H\ 7.‘1'{2/'*)_&%2\ 4\ 8\ 16 &L
T e DET NIRRT o

Table 4.5 Calculation time on VPP500

ME | 2PE TOFEER | APE TSR | 8PE T MM | 16PE TOaf 5N

(#) (%) (%) (%) | #) (%) | #) (%)
move 523.50 9.59 | 261.35 8.76 | 135.39 8.45 | 67.08 7.76
cyclic | 682.15| 12.50 | 235.98 7.91 4.73 0.30 | 6.59 0.76
wall 4.92 0.09 | 409.11 | 13.71| 386.97 | 24.14 | 208.94 24.16
collis | 1893.09 | 34.69 | 857.43 | 28.73 | 448.30 | 27.97 | 240.93 27.86
force 376.35 6.90 | 193.70 6.49 | 103.19 6.44 | 57.85 6.69
sample | 1899.01 | 34.80 | 950.05 | 31.83 | 477.90 | 29.81 ) 239.18 27.66
propff 51.08 094 | 5098 1.71 |  46.20 2.88 | 44.18 5.11
ot 26.80 0.49 | 26.31 0.88 0.23 0.01 | 0.11 0.01
total | 5456.90 | 100.00 | 2984.91 | 100.02 | 1602.91 | 100.00 | 864.86 100.01

<7 MAERECEB L T nAWED, <7 ARG (7] oHE L RRE, 2. 4,
8. 16 7ut v Ht LTENEN12.7%. 11.5%, 10.4%. 9.3% TH 7o TODEHE
B AP3000 L VB AoTwd, ¥y 7 A —F v force <7 F b2 B AR I FT
bITW3 L EL b, FEREOES /RS v, Th bk VPP FORTRAN iC X 544
RLERECH D [T ¥ T A—F v force DFIHBHAOEX T, <7 M AAEBEIRMICTTX B
Furs Ao, HEREEENERINS C LRRRAERD, P FAORRMHEG2 7
vy Y REMEE LT, 470ty P TLEIME, 87 mky $TI404E, 16 7wty $TE63]
BTehBd, 27 REy Fhba Tty HCHP L BOHEELRY -7 AT —va v TR
% —C 1.88 f%, AP3000 T 1.85 5T 0, BIEFBROBEHEEAEL SN T D EBbh Do
F— AL ik, VPP500 D7 at v $Ejid 7 @ ZN— EORER S 400MB/s DEH A v
by — 7 CEESEXNTED, AP3000 XD b KL Ao TWwd, LALAXDL, B LD
bR L AR T~ AF—v a v 7 7 A X —% AP3000 &L OFERE . V=7 AT —
vavrsAE—it, BEABOWRTH Y, T uty VREMOLHEORBRTTS T &2
CEANE, 4BEEDNMUEDS 7 2E—THIE, BED L AERA Y bY -7 B
WHFE O FHE M & FREOEIUL R B o 5 C L BRSNS,

4.4 WK a7 O¥E

T s RF—pav s FRE—TRYT Iy rVaTORREFHL T AVED, GTHY 3
I REBFMRCETING C L 1D Do AFEMETR, HFCLEAERAEY —BDEnTedD,
27 5 TOSRCEHHEREDIEF L ) ctBELIC W, F—FERENRITS T L2
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Eibhbd, 2L T, CCTH, 4 70ty X BEER 24, H5nid 4 KFEFHCETL.
ZOIHFHE X HIE L /co FHHREOBMBIE. 2AKDEBEER2ODY 4 v FYTTvya<y FRIHIKC
ET L. 4AERKDBER—DODY s AT va<w s P 4DOURTEE, 20 2 AXETL %o
WTFROBSIEHBERBEFRCE SN /2, wTRI wsl 20EFTLZDDTH 5,
UTFoER, #hFfFho a7 Tor— ety St 2HIEETS 3,

Table 4.6 Calculation time for multiple parallel jobs

B | 1 ATORERRE | 2 Aot HEE 4 KT ORI

) (#) (#) ®) | @) (®) (#)
move 71.43 | 126.76 | 118.13 | 199.46 | 199.56 | 184.31 | 194.48
cyclic 28.93 | 259.81 | 267.03 | 612.58 | 521.87 | 754.66 | 610.61
wall 50.97 | 281.65 | 297.11 | 858.91 | 1061.38 | 925.34 | 977.92
collis 291.41 | 438.59 | 455.80 | 795.48 | 700.10 | 702.01 | 722.32
force 230.98 | 321.48 | 329.49 | 556.48 | 538.24 | 505.21 | 537.27
sample 221.32 | 350.79 | 310.68 | 577.31 | 579.69 | 541.26 | 566.23
propff 20.82 | 27.16 | 28.34 | 50.72 | 54.59| 54.16 | 55.85
% fth 0.36 0.66 0.54 0.44 0.61 0.67 0.52
total 916.22 | 1806.90 | 1807.12 | 3651.38 | 3656.04 | 3667.62 | 3665.20

TP, P2 ADHERETHES L 2 RKOHET 19T, 4 ADBETERY — 2T 4.00 15,
Bnr—2C3.995L, BEYa7RHCHFILTHMLTED, F—2EERREAE ST LI
X5EHAMBLOETREON AV, BEEDOREL AV TA—F v IKDWTH B &, FHEB+
DHOOHNT 1 ATOFHERHEZHAREL LT, UToEDX ST vbh b,

Table 4.7 Increase in caculation time for the subroutines without data transfer

JLE 1 ACoEFRE | 2 KoM 4 AT OEH IR

% | ) & | | & | & | &
move 1.00 1.77 1.65 | 2.79 2.79 2.58 2.72
force 1.00 1.39 1.43 | 241 2.33 2.19 2.33
sample 1.00 1.58 140 | 2.61 2.62 2.45 2.56

WTFNRDOYTA—F B 2KT2MHELUT, 4K TLELUTOHERBEcETERATVS, %
DY BERT OV T A—F v, &Y bi}cyclic ® wall TORBOMMBZEL v, Th b,
T AWERSHERFICRET 2 C LK bR 2Dt EL bR S, Thbb, fF
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LIS B € L IC X VEEE RIS ¥ T A —F v OFEREISHEINL, ¥, —DDRHT
FBIREEIC B B BHCHLOF A T v v $ R X B ADERD R F T A—F v Th, EHHRRE
RENEE Db RNEWSIERTH B, BEOHERLEL ANE, WFhOYTA—F ¥ b
7ty FEICHE U 2 SRR C E Z A b b, AFHERME TR P — 2 2+ O FER
Ca TRICHFILTE D, EERRAES C LoBBRERLELTWAVY, LALAMb, B
FEAE) LT — REEDBVEHE, HDVEY 3 TEREL ABHECE, FRHCHTT bt
B a 7HEHEHRCOWTER T IDERET I L bELILbN D,

4.5 F—s3RO¥KE

ABEBCH - LA ERIEOSRE, R0 a— FO¥F4 Xk 1 7 ety 3 CHAT HHE
97MB. 47ty $CHETLHE1.2MB TH 5, Ka— Fid 2K TH b EAEHH
454 VEBETH D e, T A XCHB U CEHEICRER A% ) 3k, Tk, TR
[ﬂfﬁf—ﬁﬁﬁ%ﬁoTW&wﬁ\%?ﬁﬁk%mﬁ%KﬂLfd‘%%Kﬂéhéoﬂi
I WT-94 X% 2048 x 4096, ¥~ 7Y v VAR OB % 128 x 256 & L 7cpi, LEa¥A
i, 17 vty ¥ T137.7TMB, 4 7 vty +TITOMBTH 2, 7—45HEHFLELIVK
¥ RREARA B Lo CALHE, M—T vy YHOT vy 7 arbEIULETTSHG, Tn”
53 v VEEEETHML 5. CORD, N ERTECHEOERMLPSERTH 5 RbET— 25
H% 5 BER AV EELON D, COBA, &7 vty ¥k Fig.3.1 0EMOKICRL &t
BRSO T — & RO C LI b5, FEMERTT O B’ ARIORICORE N B /MERD
Bihd, EMRADa— VYO A X7 ety HHCHEb Y ACRILTH Y, AFHEEDOE
&9 TMB TH 2, F— 23BN RTibT, MEOWFULZ T 2T - G O FRH % LT IR
To

Table 4.8 Calculation time on workstation cluster without data decomposition

SOLEE 1PE o5 | 2PE CoEEEE | 4PE T HRH
(B) (%) (F5) %) | ®) (%)

move 289.39 8.78 | 151.26 8.72 | 80.39 8.59
cyclic 2.72 0.08 68.21 3.93 | 18.71 2.00
wall 0.96 0.03 2.96 0.17 | 48.18 5.15

collis | 1247.83 | 37.87 | 621.99 | 35.87 | 326.22 34.87
force 832.28 | 2526 | 421.21 | 24.29 | 216.03 23.09
sample | 912.72 | 27.70 | 457.22 | 26.37 | 228.96 24.47
propff 9.04 027 | 11.06| 064 | 16.88 1.80
2 Dfts 0.30 0.01 019 | 001{ o021 0.02
total | 3295.24 | 100.00 | 1734.10 | 100.00 | 935.58 99.99
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Table 4.1 L AT, B—7 vty 3 OHE 4% B RHBHAERI LT3, thik, 37
r—F v force DFTEBMED 20% BEMI N D TH B, XL, oy Tr—F v,
BIEFRBEDOHERME A>Tnd, 270ty JDBEER0.6% 4 7ty 4+DBEE 2%
ATHBEIAHMML CTE b, T4 —F v EOHERM D Table 4.1 L H~RZRIE LRV,
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