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NSL: High Level Language for Parallel Numerical Simulation

TAKAMITSU KAWALt#* SHUICHI ICHIKAWAH** and TOSHIO SHIMADA

Communication, synchronization, and data distribution are fundamental difficulties in mul-
tiprocessor programming. In such large applications as numerical simulations, these difficulties
become more serious and dominant. One of approaches to overcome these difficulties is au-
tomatic program generation from high level problem description. In this paper, NSL, a new
numerical simulation language for PDE problems, is proposed. NSL provides advanced fea-
tures: flexible problem description function and automatic parallel processing. Its translator
and parallel processing techniques are also described. The efficiency of the system is 87.6%
for the grid generation part and 90.2% for the solver part in case that the number of grid
points is 40000 and the number of PEs is 16.
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const double d1=2.0/sqrt[2], d2=4.0/sqrt(2];
domain {
pO = point[ 0, 0];

pl = point[ 4, 0];
p2 = point[ 4, 4];
p3 = point[ 4+4/d1, 12-4/d21;
p4 = point[12, 12];
p5 = point[ 8, 12];
p6 = point[ 4+2/dl, 12-2/d2];
p7 = point[ 4, 8];
p8 = point[ 4, 12];
p9 = point[ 0, 12];
s0 = line[pO, p1, 10];
sl = linel[pl, p2, 10];
s2 = arc [p2, p3, p4, 10]1;
s3 = line[p4, p5, 10];
s4 = arc [p7, p6, p5, 101;
s = line[p7, p8, 10];
s6 = line[p9, p8, 10];
s7 = line[p0, p9, 30];
s8 = line[p2, p7, 10];
b0 = block[s7, {s1,s8,s5}, s0, s6];
bl = block[s8, s3, s2, s4];
gridcontrol[b0, point_xi, 3, 3, 10, 1.5];
}
variable u;
icond u=1.0, s0;
bcond u=1.0, s0;
dnfu] = 1.0, s6;
scheme {
int i;
for (i = 0; i < 1000; i++) {
dt[u] = dxx[u] + dyyl[ul;
}
output [ul ;
}

B5 Fksl
Fig.5 Example of description.
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Fig.10 Speedup (grid generation part).
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Fig.12 Communication cost (grid generation part).
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domain-definition:
domain { domain-definition-list }
domain-definition-list:
domain-definition-list domain-definition
domain-definition:
id = point [ expression, expressionl];
id = line [ point-list, decomposition-spec] ;
id = bezier | point-list, decomposition-spec] ;
id = arc [ point-list, decomposition-spec];
id = block [ edge-specifier-list];
gridcontrol [ domain, control-type,
control-parameters] ;
const-definition:
const type-specifier const-definition-list;
const-definition-list:
const-definition-list, id = expression

icond-definition:

bcond-definition:
becond id =
bcond dn [ id] =
scheme-definition:

statement-list
statement-list:
statement

scalar-variable-declaration:
type-specifier scalar-variable-list;
variable-declaration:

variable variable-list;

icond id = expression, domain;

expression , domain;
expression , domain;

scheme { scheme-definition-list}
scheme-definition~list:

statement-list statement

statement :
const-definition
scalar-variable-declaration
expression ;
if ( expression) statement
if ( expression) statement else statement
for ( expression; expression; expression)
statement
while { expression ) statement ;
do expression while ( expression) ;
compound-statement
output ( variable-list];
compound-statement: { statement-list}
15 RIS 4 ) v 2R TR L (— 0 RS
OFMIEHL) . ax, dxx, dy, dyy R
‘3D expresssion WPTHMMETH .

B 14 NSL OHESCHRA] (Bok)
Fig.14 Syntax of NSL (excerpt).
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