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Parallelization of 2-D Lattice Boltzmann Codes

Soichiro SUZUKI* ,Hideo KABURAKI and Mitsuo YOKOKAWA

Center for Promotion of Computational Science and Engineering
Japan Atomic Energy Research Institute

Nakameguro, Meguro-ku, Tokyo

(Received February 9, 1996)

Lattice Boltzmann (LB) codes to simulate two dimensional fluid flow are
developed on vector parallel computer Fujitsu VPP5C0 and scalar parallel
computer Intel Pafagon XP/S. While a 2-D domain decomposition methed is used
for the scalar parallel LB code, a 1-D domain decomposition methed is used for
the vector parallel LB code to be vectorized along with the axis perpendicular
to the diredtion of the decomposition. High pérallel efficiency of 95.1% by
the vector parallel calculation on 16 processors with 1152 1152 grid and 88.6%
by the scalar parallel calculation on 100 processors with 800x 800 grid are
obtained. The perfbrmance models are developed to analyze the performance of
the LB codes. It is shown by our performance models that the execution speed of
the vector parallel code is about one hundred times faster than that of the
scalar parallel code with the same number of processors up te 100 processors.
We also analyze the scalability in keeping the available memory size of one
processor element at maximum. Our performance model predicts that the execution
time of the vector parallel code increases about 3% on 500 processors. Although
the 1-D domain decomposition method has in general a drawback in the inter-
processor communication, the vector paraliel LB code is still suitable for the

large scale and/or high resolution simulations.

Keywords: Lattice Gas, Lattice Boltzmann eq., Parallel Calculation, Vector
Parallel Calculation, VPP300, Paragon, Scalability Analysis, Large

Scale Simulaticn, High Resolution Simulation
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1. F#H

Lattice gas BB =M L OFERFOEEBZ A — b b2 ED Y Iab— b T5HD
THD, F£7-. Lattice Bolzmann i lattice gas ORI 2355 Boltzmann F7#3K (lattice
Boltzmann S2X) #M LOTHH, ¥ HE LB IASRM T T Navier-Stokes HREAIZHE I H A
BRELND, ZINOOHBIIREOR L WEEFHREEEL L TER SN, r%@?ﬁ’ﬁi}’b@ﬂﬂ ZELTR .
HIHEE RO . ARFERGE e S, BRERERE~DISABEAS LN TS Y, Lattice
gas ¥EIE. EES boolean (BiFB &5 or 12\0) THHERYD AT VERFERLEORRBH DM, §
Bz BONEES ST FHRCERTARER ) A XBH Y, 220 - BEAEEL (2
L= Y AT S BB B, —F, lattice Bolzmann #4X Lattice gas & EVWEHERTH

STEHEER S, HEFRICA LD T &7 5 BHERRN,

WFROFHESBERGITI B SHRICHZE R IR B 0 | BRIREA TIECH D, 4
WCEHGEE N B L D lattice Boltzmann . N7 MAYWFIFEMIC L A SR RS X
b, ETANTEFEEETOFEREIH 587, <7 PAAFFRETOLDER, &
B3k 2 1L, 7 b A IEFIEHR# ECo lattice Boltzmann = — F2BFEL T, FORBERHFT
BOFEMHICONTRAL, N7 MLiFla—F o, A7 7 WFHEE L TOXY [ a—-F %
TERR L CHREFME O B A TR - T O THET D, ~7 brifg=-—FiZE i@ VPP500 £T,
A H 7 WF[ 2 — Fid Intel Paragon XP/S ETHFEL 7z,

%7, BLA VRN (R = 10Y) OFE T, Jattice Bolizmann @t— K & Z5EEZ Wb
O EDHERKROLKREITR2/OT, HPETTRET L,

2. Lattice Boltzmann &

2.1 Lattice Boltzmann FEDR

IITHE, a—-FOREEE 2D lattice Boltzmann HRRIZDWTEHET S, Fig2l DX Hi
QWL IAAY T akELL, BFIE ) — FICHEETE | BAREICREEE —FIZOABE T
B LDETH, LBTE~T, BFHER T 50~S A {e,i =0~ 6} (i =0 i1EERT) O
WFN RS, BE I Ay O/ —F ¢ WHEETLHEE ¢ Ohi -8z 53R Ni(x,t)

TR L, Eﬁ?")@*ﬂ.?ﬁfﬁf p EE wid, NITHTLEHEE L TUTOX IITERTE 5,
6
pla,t) = > Ni(z,1) (1)
i=0
6
J(x,t) = pu(z,t)= ZCiNz'(:B,t) (2)

INFERBEL N ORFIRE L LT, A LT O lattice Boltzmann FRERE WY,

6
Ni(e + et +1) — Ny, 8) = 3 Aiy (Ny(w, 1) — N, 1)) (3)
j=0
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Lattice gas MiIBEZe M OB T O EBEZEALA— v b ric L0V Iab— 500
Thb, F72. Lattice Bolzmann 313 lattice gas ORARI 2595 Boltzmann F# (lattice
Boltzmann FREX) 2 LOTHS, ¥H O HMYREM TT Navier-Stokes HRAIZHE 5 &g
EREehd, THHOFBIIREOCH L WERERREE L TER &h, @R O OMmIZELHT,
ZABEBETOTN . ALERISE R 5 oh . BREFAR E ~OIGANREAL bR TS Y, Lattice
gas i, S boolean (KL 723%: D or 220) THBH AT URELEOFENH DA, 5
BIZL 0V BONDEES IR FHCRERT A RER /A X3 H 0, 220 - BFHRYEE N (R
D= Y AT D MEEM B D, —F, lattice Bolzmann #4E Lattice gas & EWERER TH
DHMERER ST, HRERICA LD T EFTR 5 BB,

WO HE D BT A B IR RS B Y | BRI EA TR TH D, &
RSB UL E /2 B lattice Boltzmann ¥RiZ, X7 ARG EIC L A EEE EAEE
ha, 4FTAHTUFERBTOIEREIH 28Y, <7 PABFFHREETOLOERY, &
Bl 41X, <7 FAAFIEEM ETO lattice Boltzmann = — F 2R L T, 0O KB EHT
BHOTRERICOWTHR-S, N7 bLifPla-—Foftic, R4 7 WHERE#E ECoWws=— K&
YRR L CHREFE O LB A TR o fe O THET D, ~7 brifda—FidE L@ VPP500 £T,
AHZ WHia-- Rk Intel Paragon XP/S LT L,

i, Bl A JAEFN (R = 10") O# BT, lattice Boltzmann =— F & ZEHEEZ AV b
O EDRHBEFROIBET2/0T, HbETHRET D,

2. Lattice Boltzmann &

2.1 Lattice Boltzmann &=

SICHE., a-FoOEB LS lattice Boltzmann FRERUZ DWW TEBT 5, Fig2l X 9
QWL I AAY ok BERLD, FFIEE/ —FICEETE ., BMCEIE / — FICOABET
XLL0LET 5, LIE-T, BFEEL T 07 b {¢,i=0~6} (i =0 A ILET) O
W EEED, BEE HIC A v EOJ—F o iCTFEETAEE ¢ ORGSR Ni(x,t)
TETE, EENRRTEE o, EE w i, NIZHTOIEHEL LTUTOL JICERTE D,

6
plx,t) = D Ni(z,t) (1)
i=0
J(x,t) = pu(:c,t):zﬁjciNi(w,t) (2)
i=0

DTS N OBEREE LT, R4 T lattice Boltzmann F=RZ V723,

6
Ni(@ + it +1) - Ni(@,0) = 3 Aiy (Ny(, 1) — Nf(, 1)) (3)
i=0

ili



JAERI—Data/Code 96013

FEINER T ORGSR ) — F ~OBBEE b T, Al BOK & A 7 OMEE T, (KT T oh
Ney ~OEfiE FRPLTNBY,

WEATH A, VE . PEROEREN S L F O & 5 2B EA I 53, ARG BRI IR ORI FE
E0 . REATRE 2B, SHBFOEMRBELY Ay . N7 Mo & o ORORAEDRIT
GetErp, BE - EHEOMRFLY ., FNSITHIST S 3 OOEAMEL 0122 b, T ORIR
L0, Ay iE 3 0D8T A (A, My, Ag) OHTHEST DI, TIBI 0 TR 45 (A
32 mICHER) OFEETHD, £

—2 < Ag, Ap, Ay <0 (4)

DEET . (3) RITBIHEETH B,
AR N9 X LTEL T D L0V,

1 1
eg  _ 2
| Nyt = ?p — E—z—pu
i B} 1 1
: Nito = wP TRt
2 c? 1
+5ap (cmciﬁ - Edaﬂ) Uatg + g"ngmz (5)

ST ¥V Ly EOFRFIIERgS ¢ £k y T BIRE e ST M e D« AR o
b, El. TAVYa A rORTRAELEDLOET D,

2.2 Navier-Stokes AR & OREER

Lattice Boltzmann F 23K (3) 7> Navier-Stokes e Al < i@ R @ Botlemann HEI
L [F#Eic Chapman-Enskog BEI% B 558, Sy LT (5) e & oL #E v O/b
XVEIB T, EiEo L Navier-Stokes ARANBFLILD,

Bp+V-J = 0 (6)
O Je + aﬂJQU3 = —Hup+ C@av -J (7)
+V8ﬁ (aarjﬁ'i_aﬁ']a*(v'*])éaﬁ) (8}

ST, 9 HEREICWT 8, HZEMO o B oW TORBS ERDT,
) p. BVEPESR v, (EHEEEESS ( & lattice Boltzmann DT A—H F OBRITLLT

DY) TH D,
p = %cgp )

ZIT. o= cigole Fiz. BAT v TRE 1 DT iz, B e 13

fTHE. () ROEDT, € - G, 1o T EBERALILITEATS,
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o= o2 (12)

Thz b,
TS VA IR OWTHTHARL DT, W2 O/_35 A—F R FERTH,
L RERFESTAEX
N EXLIZEFENs/—FH
U Rreyie
M wynE (: \@NTU/L)
THE, VAINNAE RIZUTOLHICELTZENTES,

UL 3 -2 -1
- = — 7 —
R » SV/;AJA (A ) 1) (13)
ERED, B A JAXEOFNEERT AL, .

o« EEX LTS, (M- X)
o FEMEEE NTF D, (A — —2)
o AN Y v RERWVD, (N = K)

EauE kv, LA L. Navier-Stokes 7#83 % Lattice Boltzmann FRANLEL DL, v
M BPPENEDDIREEHNTV DS, ERDOHEEIISHE Y RE iy, £, bl
RENXLTBHEDIZ A, = -2 LT DI ERTEMHORBRICESTAZEICRZY, ZOHED
Navier-Stokes HEANLOThREL LT EAMHNTWVWST), L7235 T lattice Boltzmann
HEEROTEL A /VAERLEEEHET . S0 Ty FEERLRTRIERD
T RERO ATV REALHESENRERIN D,

A58 AE D BRIONWHIR B - lattice Boltzmann =2— FiZih, BIIEEHEZHETET T
B, REEAEVEVHLIEELV A JARENRO Y Iab—a rRagRicied v S FIR
Wb,

3. EFERLEOHR

Fexid, SEMERL 7 lattice Boltzmann 2 —F & 3#ha—F & OHBEROEKEITR -7,
HORC . B VPPS00 ETO 1 7 Rt v HTORERRE b Lo L, o— K OWFHLE i
EREIBEEORVERLOT, EBROBERCOVWTZOETHRET S,

< v NEME < FEIFREHEA T SN 2 R0 6 & T, lattice Boltzmann = — K & FEEHZE D —
KEDHERT T, BEHa—RIcik, 7 ) XA HSMAC A% — 48 B IUBHRE
QUICK A¥— A8 2Bz b OE AL 2,

FHREMEERIT 2 AR ARGOESFBEK 0 < o,y < 1) & L. Z4H5=— F T lattice
Boltzmann T — R LREO /) —FEboRFES Y v FERAWE, Ei2, PIEHITFOS

igi
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7
THEZLND,
Wz LA VAR ODOWTIRRDL DI, W 2hDRF A -2 5 ERTD,
2 REBEST LIRS
N RELICEENA/ —FH
U R EE
M o (= \/INU/L)
THEE, LA JIARE RBIZLUTOLICELTIENTEL,

EE-MSVFﬂLN(—— —1)_1 (13)

FRIY, Bl A S ARXEOFENEFERT AR

o EEE T B, (M K)
o BEHEEE T B, (A > —2)
o MIVZ Y v RERVD, (N > K)

i v, LAl Navier-Stokes 5FE30U% Lattice Boltzmann FEANSE DT, 7w
BMBNEOCENIRFEHNTWI2O, MEOHEIHE I RE LRy, Eio, Mt
BEANELTBELDIC Xy = 2 ETAIERTEROBRICHEITLIZLIRY, ZOHED
Navier-Stokes HRANL OTRBEC B ENBLNTWST, L7d - T lattice Boltzmann
EEHNTEL A /L RERNEEEFET AT, LRV vy FEFERLRTRERD
TLRBROAE ) BWAHEBBERIND,

AT VB FIF R O lattice Boltzmann = — FiZid, BIIEEHEL BET 20T
B, KFEEATVHOHLEEL A JAVAERROY T al—Tg URARIZR S &0 IR
BdHd,

3. EHNEEDHE

Bxll, SEERL % lattice Boltzmann = —F L 23— K & O R ROHEEITRo 7,
WRHCIE, B8 VPPS00 ECO 1 7 0 v TORBARE S LT LT, a—F OWFULL I
EBIBMFEORVEEEZO T, BOKRICODWTIOETRET D,

= v NEAVE < FEEREEA T SN D&M & T lattice Boltzmann = — R & FEEREE G 21—
R EDHER TR, ESa—-Fizit, 7ad ) XA HSMAC A% —48 B8 IUBHRIER
QUICK AF¥— A8 Hni-boeEHALE,

FHAEMEET 2 KT AMBEREMOELFHERE (0 < 2,y < 1) &L, EH3—F T lattice
Boltzmann =1 — R L@ D / —KE2bohEFES Yy FEHOE, i, FIEFEUTOL

-5 -
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OFEEAL Y,
p = 10 (14)
tanh{{y — 0.25)/e) fory <0.5
Uy = (15)
tanh{(0.75 — y}/e) fory > 0.5
uy = 0sin{2rx) (16)

Fig.3.1 @k 30, z HAK +1 OFAEH D BEE e ORIEZ B SATERESFEL T L,
FEWEAEI COML W = T Dt vy = 0 OFRIIHBEBICARETDH Y, COFRKEEOEE L
Ty FAiiRgE § oA EOBREBZ ML TH 5,

LA JARE R ORFECHELRFEREST LIRS L L LT, HBOWRE (= 1) AV,
WENOEEREE TS R =101, § =1/20 & L7z, Lattice Boltzmann =1 — F D= v ~3id 0.01
L. EEMOREREEIN TV AENE Sk, 3EMBE COEEL BT 2 LICLVHREL
TS,

Fig.3.2, Fig.3.3 iX, FAFh £S5 7 —N, lattice Boltzmann —FT? ¢ =1/30, t = 1.6 T
DIBEDEERETHLH, 7Y v Rl biz 128 x 148 Db D & FHVW o, Lattice Boltzmann = —
R CILiRO BIATIHI D K 5 EES R AS, Eoa - FORRICITEO L 5 oHEEE
W, Fig34ic2 Y v R & 22 L7z 256 x 296 TOES 21— K O#REZR T, ORISR, 32
XD ELAEEERBEDbRLTWD, LERoT, ZOFEFREORM T, lattice Boltzmann =t —
KBRES2—F LY ERBECHETETWL I BN D,

T e =0 CORHEERITR-T, ZORME. EE u, PEETLIEHOESHB 0 THY ., g
FNCEE S/ — R TOEEN +1 420, BEEFIMIC LY BLWEIEIRGETH S, Figd.s,
Fig.3.6 i2, #hEh t = 0.6 TOFES =K, lattice Boltzmann =—F TORERE TS, 7V v
Fide biz 128 x 148 CTh B, BFIOFE LBV, EENIC L0 RigokERERFLONL, &
Aa— R ORI, e L TEEICNELRES, lattice Boltzmann CiER SRV 2 IRAV TR
AL TND, ¢ WEIBOBEOHBERREE HETHZ L2k D, lattice Boltzmann 22— K THRb
NFEROE YR YEACELVEEE DA TS EEbR D, Figd.7, Figd8iks/ ) vy Pz 2
B0 256 x 296 12 L MEFETOHEERTH A, ZOHETH, 2 203 —FOFHARBRDE
PER 2 AEI - TV D,

L b2 >0 TiE D, B A S AREFNOFEIZESVT, lattice Boltzmann = — K23
SMEOEST—R LY ERBECHETERZLERLE, ZOZEREORERMICEZ DD
. SROBIRETHD.
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4. 34k

WHMLD Sk e LT, BHEEEE AL TE&7 ok v IS T ARESREE AV, a—
K _ETI lattice Boltzmann FREI (3) 2 LLTm 2 RUCERL T, BERCHF T,

[+

N (@) = Ni(w,t)+ > Awy (Nyle, ) = Nj(2, 1)) (17)
7=0

Ni{z,t+1) = N(p— ¢; 1) (18)

(18) FIhL F OBENC L 2 0HBEOE(LHF RT3, BETHIHEEBOBER / — Kb ok
DMARFCAFET D, Lo T (18 REAMHNZ, BR/ —FOF—F2MET 7 uty
YROBREIC L D ERTELERH S, TOT 1y v FREBIEICAPD LB T, X (17).
(18} & HIFERIIAY MBIV WHHERATETSH D,

Ry MIIEHRE L A D FWFIH BRI FOBEEENTIEDIIE, e onBkiy s
L7z,

o <2 FAF (Fig.d.1)
N7 hARERSTHLDIC, y FAND 1 WoniE5E % L. 2 Fric~2 haAbL %, 7
oty P EREEEEEOER T ebh b, Frk v M EMCL THLRAOR &IEL
LigWhviedh, oyt %0 0o@EER Y oty TOEITIZETEL RV,

o A7 35 (Fig.4.2)
2 WS EE B, oty PEBEREAHEROBER Cfihbh s, £FEAROE
é%N\ﬁ@féfﬂtyﬁ®ﬁ%P&#5&\7uty%%ﬁ%®?H5%m4x%§
Hp S, Lo T, Pt o s BiinT 5 & & HICEEICHDD 2 A MAHIERS &
b,

Fa— B OEFFHEEIMT LI, LLFO 2 20/F A—FEEHTDH, P EFEICAH
evuty ¥, T, #7 0k vy P EEZHWCEHEOETRME T 5,

AE—FT v

Ty
Ty
oty b EEBmESEy, EFESHETE OB R, EENREMT P
(7 ety YU HAF L Tl ) o B,

DRl S5k

Sp = (19)

_Sr_ T (20)

PP PT,
AV —R7 ol BT o vy P RTHREL LA L0, EEALEST LIThD,
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5. A4k IILIESEE

B VPP500 2 VT, 16 7 ek vy FETORREETR 2T

5.1 EFHEHBETCOHE

2 5DF Y o R 640 x 640, 1152 x 1152 kLT, 7ty VHEZEMESE RN 6L, FTRHE
DRNER T2 o7, LU0 10,000 BEATF v 7/ TORTHMITH D,

Table 5.1 ¢ 2FEEFRI% . Table 5.2 (2 W FULZIRAFT, Figsl BAL—=RNT wTFOIF7T
b5, SOt EORNE Ebic, TRRaE T el o F LB i 5 REEO
£ AR H L WHIUEOBREBEA LT 5, 16 7 1t v P TOIATTRILFILHHIL, 640 x 640
@&~x@%8%\nmx1m2@&wzﬁgaﬂ%Kﬁbew5c

:h&@ﬂi%%%%iétwm‘ﬁ&ﬁ%?@ﬂ7w~vyz-%?w%tftoﬁUyP%
Nx N LT 5, REFHEEL, £7 0ty HEROFERHOF —2 BRI DM Ton &€
ﬂ%%@i%%ﬁ%ﬂmmﬁmﬁﬁé:&ﬁ?%éoEﬁﬂﬁﬁ?mﬁﬁm%énﬁﬂmiﬁé
. HEBEEET ot o HERICEEND /- FEICHFAT O EER DI D,

Togt x N % ]—;:- = 17;7—32— (21)
e RER AL . WET — 4 RIS AT A &7 — 4 BICEFEL A sy B
LoFELT

Teom o< at + N (22)
L7, Laso T, SFtEREE.

'@:(fg+a+ﬂN)xﬁ%x?yfﬁ (23)
i, 8T A—F (o, f,) REMNEE b LICUTOMEE L,

a = 407x107*
8 = 167x1077 (24)

v = 123x 1077

Fg&z@%Méht%ﬁﬁ%kﬁ#@%?w&@%%T%éo:®¢§7#6%#6E0\20
D7y FCOEMEICERIT 7 4y F 35T LIERETH o7, Ll 22— FOEMEARE
pomk BN A~ — B ERB DI, TOAT A= A - ETVEERHTH D, &
BHE & ©FAOR—ROFEL, 7R (23) TAKLRZ bL - LY AZERE OFEROM
17 ol o RRIE I 3 B REREIA L = — DT 1t Rig & O RITERFO FHEBEORIUT DR
DRTEE B b . i Ty & Teom OHEICOLERH DI ERENRFIDN D,

TolUF . BESATRRE & 4. Paragon EDLOLFD T, FEMRONARE OF 4 A7 ~DOT 7 AFFRIEEL I
Wit DTH L,

i6i
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5.2 JOtuHHr-UoAETYEETCOHE

Foabtybbl oo ATV BFEELLEE, Sy PR P AENSEREREEL5, N
EEELT, 7V v k% NVPx NVE L Rk&< T, Pty ¥ ) OFEICLER AT Y
= (=

NVP x J_ = N*? (25)
HRETAOTT ot o HHEICERTFEL 2V,

REEAED L0 SRAWIHEROSEEFIAL L KRBEGHEEZL 288, 0L ok
GHTONRT 4 —< 2 AQREITEETH D, SEORETIE, N & 1020 & L TRIEET-
7. ZOEE. SREHEOEASICT 2y 0 OERFEE AT Y (200 MB) b LN DK
RELENH DO TH S,

Table 5.3 i 10,000 FEf AT v 7 COETHM LT, 7ty T EOBIME L bz, FEThH
BILEIML TWAZ ERSE, N7 r—vr A EFL (23) U2, N=NVP 2HATDH L

Ty = (YN + o+ BNVP) x BRIAT » 73 (26)
L0, VP ICEAILUTRERMAZ 2 2 LA FRTES, kR E Table 5.3 #BEhi b0k
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Fig.2.1 2-D triangular lattice and seven velocity vectors.

N
Y N YYTYCY rj

X » T
0 1 —1 T %

Fig.3.1 The initial conditions for a comparision of a lattice Boltzmann code and a

finite differe_nce code.
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Fig.3.2 Vorticity contours produced by (128 x 148) lattice Boltzmann system.
R=10%e=1/30,d0 = 1/20,t = 1.6.



JAERI—Data/Code 96—013

N

ANV

Fig.3.3 Vorticity contours produced by {128 x 148) finite difference grid under the
same conditions as Fig.3.3. R = 10% £ = 1/30, § = 1/20, ¢t = 1.6.

NG

!

)

4

Fig.3.4 Vorticity contours produced by (256 x 296) finite difference grid under the
same conditions as Fig.3.3. R = 10% ¢ =1/30, § = 1/20, t = L.6.
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Fig.3.5 Vorticity contours produced by (128 x 148) lattice Boltzmann system.
R=10",e=0,6=1/20,¢t=06.

Fig.3.6 Vorticity contours produced by (128 x 148) finite difference grid under the
same conditions as Fig.3.5. R=10% =0, 4 = 1/20, ¢ = 0.6.
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Fig.3.7 Vorticity contours produced by (256 x 296) lattice Boltzmann system under
the same conditions as Fig.3.5. R =10% =0, § = 1/20, t = 0.6.

Fig.3.8 Vorticity contours prodiced by (256 x 296) finite difference grid under the
same conditions as Fig.3.5. R = 10% & =0, § = 1/20, ¢t = 0.6.
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PE1

PEZ

vectorilization
o

Fig.4.1 1-D domain decomposition for a vector parallel code.

PE1PEZ| = - -

Fig.4.2 2-D domain decomposition for a scalar parallel code.
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Table 5.1 Execution times(sec) on VPP500 for (640 x 640) grid and (1152 x 1152)
grid.

FE 1 2 4 8 16

640 x 640 8562.479 278.195 141.447 73932  38.904
1152 x 1152 | 1639.370 821.706 413.553 208.923 107.715

Table 5.2 Parallel efficiency on VPP500 for {640 x 640) grid and (1152 x 1152) grid.

PE 2 4 8 16

G640 x 640 | 0.993 0.976 0.934 0.888
1152 x 1152 | 0.998 0.991 0.981 0.951

Table 5.3 Execution times(sec) on VPP500 for (1020v/P x 1020/ P) grid.

PE 1 4 9 16
N = 1020v/P 1020 2040 3060 4080
- Time 1285.515 1286.377 1288.327 1290.438
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Fig.5.1 Speed up on VPP500 for (640 x 640) grid and (1152 x 1152) grid.
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| Fig.5.2 Log-log plot of execution times and model estimated values as a function of

the number of processors on VPP500 for (640 x 640) grid and (1152 x 1152} grid.
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Fig.5.3 Execution times and model estimated values as

of processors on VPP500 for (1020+/P x 1020V P) grid.
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Fig.5.4 Model estimation of T,,/T7 on VPP500 for (1020vP x 1020v/P) grid.
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Table 6.1 Fxecution times{sec) on Paragon for (640 x 640) grid and (800 x 800)

grid.

PE 4 16 64 100

640 x 640 | 1841.023 476.850 126.426  38.968
800 x 800 | 2681.041 685.776 182.030 121.037

Table 6.2 Parallel efficiency on Paragon for (640 x 640) grid and (800 x 800) grid.

PL 4 16 64 160

640 x 640 + 1.0 0.965 0.910 0.828
800 x 800 | 1.0 0.977 0.921 0.886

Table 6.3 Execution times(sec) on Paragon for (400vP x 400v/P) grid.

PE 4 i6 64 100
N = 4000/ P 800 1600 3200 40000
Time 2681.133 2682.000 2689.657 2685.258
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Fig.6.1 Spced up on Paragon for (640 x 640) grid and (800 x 800) grid.
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Fig. 6.2 Log-log plot of execution times and model estimated values as a function

of the number of processors on Paragon for (640 x 640) grid and (800 x 800) grid.
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Fig.7.1 Log-log plot of normarized execution times as a function of the number of

Processors.
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Fig.7.2 Log-log plot of normarized execution times and model estimated values as

a function of the number of processors. VPP500 (1152 x 1152) grid and Paragon
(800 x 800} grid.
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AR757 (1), HA7 77 (1)

< v/ R (R*8)

VA 7 ZXE (R*8)

R R T » 78 (1) (A A7 77 =0) £lid. B (Re8) (AS17 T 7 #0)

77 51 0 DBEL 3 T LTO (u,u,) EIMAT S, TRUATHEL WELFAL
To7RRTT TN gnuplgt BOHAT 7 ANVEHFHT5,

1
.0D4

O e
OCOOR

FOFTIE, v vt 001, LA A RE 10 OFth o EZ R 1.0 £ TRV, gnuplot
Mo A7 7 ANVELERT D,

4. EIfTHE
AN T 7 AMIBEEAADLESL, HAOT7 7 AVIEHRE 10 07 7 ARIEPND, £,
HEOBEREREHAICHAEN S, UTiIC, ETRA7 U7 bOflERT,

#!/bin/csh -f
#03$-1Pv 4
Cd LB2

setenv fulObf 1024
setenv fulQ ~/vfl/outfile

./1b2 < infile > log

TOETIE, Ty ANVERT 4V 7 Y LB2IZHBELT, AT 7 A infile XL
T, 47t TOETEITE S, BFEHERT, vt L0 outfile &, HEFERILITZ 7 A
A log I A END,
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EITSHE LT,

qsub -q “Va T T T AL AT VS b Ty AN

U L,

5. gnuplot IZ & HFHBERROET
mﬁﬁfyayio&Lt%%%%mgmmmmibﬁﬁ7%%fééomﬁ774»%
gnuplot DA ¥ A k= Y —F AT —ail= E—LETFOAZ VA FEETTD
Po3BETRLEOEARARTS 7 7ERDIENTE D,

#1/usr/local/bin/gnuplot

¢ TITTOT
# gnuplot DHBH/CALRELTTFEN
M :

set cont

set nosurf

set view 0.,0.

set data style line

set cntrp level 10

get size 0.721,1.0

set noxtics

set noytics

#set cntrparam levels incremental -90.,20.,110.

#

splot ’outfile’

# [ N
# F = - T AN DA
#

pause -1 "<Hit return to quit>"

Paragon (AhZ#Ha—F)

1. o2 D
make & LT TC. BATT 7 AN 102 BAREIL D,

2. A7 7 AN
LITFD 6 {imbibn 7y ANERET S,

AHTZH(I)

¢ FETat o (1), y HR7 ety 3 (1)

¢ FEZ Y v FE(D, y FAZ Yy FE(I)

7w B (R*8)

LA v AE (R*8)

WEfH 2 7 o 7 (I) (AD T T 7 =0) £icid. B (Rx8) (AHT 77 #0)

HAit 3 AEF LD (ug,uy) DHTH D

0
4 4
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FOFICIE, = v B 001, LA A KE 108, (400 x 400) 7 U v FiZH LT, T ety
F 4 x4 EBEHANT 1,000 BREAT v 7 OREEITR I,

. ETHIE

ANT 7 ANVITEEA NN LTS, WA T 7 A4 outfile inENL D, Eio, FHHEED
BN EEIN A IER 5, UTIC, EffA7 V7 FaEZRT,

cd LB2

./1b2 -plk -sz 16 < infile >log

TOETIEE. T ANERT 4L 2 FY LB ICHBEL T, ASIT7 7 A/ infile (XL
T 16 7ty ToELTS, HEREILT 7 AV outfile 2, FHEFRIIZ 7 M1
log iCHZ1E 5,

EIT3ELICH.
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