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High Level Numerical Simulation Language DEQSOL
for Parallel Computers

Tosuio OxkocHi,! Cuisato Konnot and MituyosHr Igarft

Massively parallel computers have been shown to be efficient for numerical simulation of
PDE (Partial Differential Equation) problems. However, it is very time consuming to de-
velop simulation programs for them. This is because current programming languages re-
quire the programmer to specify a problem to be solved at a low level of abstraction. An
alternative approach is to specify the problem to be solved at a high-level. DEQSOL (Dif-
ferential Equation Solver Language) is a high-level programming language specially de-
signed to improve programming productivity for PDE problems including heat diffysion and
fluid dynamics. This paper describes the transformation technique to generate FORTRAN
programs that can invoke high performance of parallel computers by using the implicit par-
allelism in the DEQSOL description for the finite difference discretization method (FDM)
facility. Preliminary results show that for grids consisting of 131, 000 points, speed-up in
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excess of 14.3 can be achieved on an nCUBE 2 system by using 16 processors.
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Fig. 1 Processing flow of DEQSOL.
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Fig. 2 An example of numerical simulation
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/"5 5% DEQSOL +5 vz L —2hs FORT- LEFT =(0.0,%*) ,RIGHT=(1.0,*);

RAN OMBEHE T 0 2 5 Lt ERT 5, CONST LAM=0.1; (6)
VAR U,UOLD,DLTU; (7)
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SVAR EPS1;
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UOLD=0.5 AT RIGHT
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SCHEME;

ITER NT UNTIL ([EPS1 LE 1.0D-5];
U=UOLD+DLT* (~DIV (-LAM*GRAD (UOLD) ) ) ;
DLTU= (U-UOLD) /UQLD;

CALL NORM(EPS1,DLTU) ;
UOLD=U;
END ITER;
END SCHEME;
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Fig. 3 An example of DEQSOL description.
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Fig. 4 Actual and estimated time for 2-dimensional
heat diffusion problem.
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Fig. 5 Example of domain decomposition.

alb—vavEEDEQSOL oY FFEBET + 5 VAV -2 981

5. Lhid, ERSEEERCT S CBERFELS
72y FEHHEMUBEREICRD 3 BmsERT
Bicwic, R ESHFLICSODSTHS. €D
BT, HENREBROTRISERET DR TIRDS
BTRET vy HOEFOEPIERICREL LT
LEOBAKRY, BANMELIA 2R ER
MCMA 5. ZLTZho ORMic OV TETREE
HEL, HEETRMSE/NELEbOEBRT 3.
UTIR 2RFTEOBARTODVTHERT S aky 43 E
ERSEARET AT NI VXA ERT., TZT N,
BRATELRERO T a vy 45, Pi; ZBFRICS
BINTEROS b « iR i BEH, v¥FRJ &
HOMOERAEY TS a .y ¥, Li; 12 P OF
B/NBUEEE OB AR T, ¥ Tsid 4.2.1HTHE
EHEORECAVWERTHS. —BSMior—7
BT, npanpy SN 75T NTOEKDHM (7,
nw) BFHERR ET E EICE - T, ERICERT S
Tuty PHOBERL TS,
E=+o0;
for (npanp SN, L8 BBEDME (152, 712y) ITDVT)
{
Yy A EEAEEEC 1,y BICHE;
x WS MAEEETEEIC 2 FICHE;
EITRR E@re, npy) EHEE
(E(npe, 7105) < E)
{ERSEFRAELE; E=E@e,nm);}
for(j=1;j<nw;j++){
if(Lij(i=1~n,:) OBRMEEB/IMEDE
>BEEH *T.)
Pi(i=1~n,.) OHLEBEAEA BN HS S
£
EITHE E(oe, ne) ZHE;
if(E(”Pr, )< E)
(BB RETER; E=E@ps, nw) 3}
}
}
4.3 FoevYREE
4.3.1 FotyyEF-—~sBROBIT
RITHRERESEIL TS oy H2E O, ¥
ey R alb—v a YEEFTTAIFRECBOT, Fo
2y FEATEESLBEICEZDR, 07ty 40D
HMER EOEREE BB T 2BE8THS. Futy
HHETHEEZRTOMBED H 5 7 — 213, DEQSOL
Fus 5 ADEFXCEN A BIEET 2 EHETHE



982 ﬁ%ﬂﬁ%%m #®

Bibs 5 & xOERIIC X > THRET R EMNTE
5. B 6ic, DEQSOL MfXAIICKd 37 &y
M7 — % BRETOFIEERT. TIBRIBETFOH
RN T, HI2BFERETZOBIEET 45
flig 3L X BRT IEROERLALRTER & —
YEMERT S (Step 1). RicThi, BRTIERS
LICEREDLE B CEITE-T, XELTDRRE®
#—vEMEKT S (Step 2). ThiEBSEONE
EbET, Bty HOBRTBF -2 DERSAE
B2% (Step 3). :

4.83.2 BET—- FOER

DEQSOL 7 u# 5 ADEFICENT, Faky ¥
MiCE b7 -2 BRI, ETRRKLXSiC, EF
X ERXZDBRT — 2 BHHICHREI NG,

=Y BWFHEROBE, Yoy HHOF—2ER
RBELDBAVATLAI-NITE->TEHRINTS
D, BEF—2BICEFREL 1RIOREICES 3 EH
BAEOOHB—BITH B, Dk, Fuoky
VRO F — 2 EEOERAE BT 5 & & = fTikREm
LDIDICRFIRTH S, BV AFLTIR, SHETWNV
T RaLBIThT b F— 2 RERFET S C Lick
> CARWICRERBEOAERBL, X5IG@ED
EENETRICUMRE S RO DICHL TiREMII
BEOERTEZEETIFRERE L. Chicky,
I —=PHERL I EDLIREHE T VT ) XaiTHL

DEQSOL DA X
UM=UO-DLT(UO*(DX(UO)+VO* DY(UO)+DX(PO) -1/RE* LAPL(UO))
Stept '
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Fig. 6 Inter-processor data reference analysis.
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Fig. 7 Fluid flow analysis (2-dim, 41x41 grid
points).
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Table 1 Domain decomposition method and execution time (sec).

BAOEFTHRIT 23.2sec, AV X7 HOR 4 8 F ok
S DETEHEFRE RO ZBeITR — K [ SERROES % -
7 ) AV RF AOFE
20.7 sec &7’&@, ,5]'(\3 11% @'Etﬁ‘éraj_b —a %?}f—iﬂ%ﬁ%ﬂ %Ebﬂ@‘ﬁ?ﬁ
PDEMWELNTING. COMETIRR ey ¥R | DM | EAmm | S | Ern | o | =aesms
BBEEIRF o7 3R 4DEBL® 4 1,1, 4 7511 (1, 2 2) 712,22 657
DUERAEDRILL 7 B A DAEE 8 1,1, 8 42 |, 2 4 40 | @, 2 9 362
Sh, BEE FAEE S R BAR 16 1,1,16) 330 | (1,28 265 | (1,2 8 242
] ~ =]

A7 27 5 OEMTERE LRI ITER NT UNTIL [NT EQ 3000] (1)
3. BEESORTHHELTHIV CALL NORMM (UMAX, U) ; ’ (2)
PN S . IF UMAX GT 1.2 THEN F=F*0.9 AT S ;ENDIF; (3)
BawciR, Co@iE %%?“_’%F DE IF UMAX LT 1.0 THEN F=1.0 AT S ;ENDIF;  (4)
EOHEICHOOLTERITS C 2T U=UOLD+DLT* (-DIV (~LAM*GRAD (UOLD) ) +F) ; (5)
. - - - e DLTU= (U-UOLD) /UOLD; (6)
5%, REROHA TR ERE F OX CALL NORM2 (EPS1,DLTU); (7)
TR IE 8, 000 [0 > B 260 [EA: UOLD=U; (8)

END ITER; (9)

LT3,

RICT v £y HEROMEHLE
N5PE, FIROFIRES (2T
A, 1Ix71 /¥-EH) TRT. FETHRE Ty
PEE 64 LLTEY RF LAOEBHEFREHHL
TeRERIE, Tuey v¥36, HEE (1, 36) BERX
N, EfTEEIE 52.2 B ThB. chicHl, Fuk
v FEGBIRATDOILVESIR, 283 (2,32) MR
XN, EFEBEI 6.2 LD, ¥ 8% DMk E
SHEBEN T3,

6. 5 bH b IC

PFEEH TS DEQSOL + 5 YA L —2 OH B
FMEDERFRIC DO THRNT %72, DEQSOL 7'm
75 LIE, Valb—Ya YORSHEBENICESR
N, BETVT Y X ABSHREOBVERTERXh
T3, 2D LW, HEBRORITPT — 2 IRER
WEAEBICL, SR BB FLA T I L T 3.
4HOBREBSEEL LT, ROEBEFSNG.

(1) Z2HBEPFBELRBEC L2 BEY I 21—V

12 FIFES T X AR
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Table 2 Domain decomposition for 8 processors.
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