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ita L ayout Abstractions
Ire constructed by Region calculus.

Table 2
Region Calculus Operations Used in the Examples

(Operation Interpretation

extents(Region R, int )  Length of Region R along the ith axis
shift(Region R, Point P)

Translation of Region R by the vector P

Region KM Region &

Geometric intersection of Regions K and &

grow{Region R, Point P)  Region R padded with P(4) cells on #th axis

XArray2<Gnd2<T>>
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FIG. 3. The XArray is a coarse-grained distributed array of blocks of data, whose structure is described by

a FloorPlan. The blocks may have different sizes and each is assigned to a single address space.
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FIG. 4. The MotionPlan encodes a set of block copy operations between grids.
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Table 1
A Brief Synopsis of the KeLP Data Types

Mame

Geometric structural abstractions

Definition Interpretation

PointD
RegionD
FloorFlanD

MotionPlanD

{int fy, int £y, ..., int fp_y) A point in Z”
{PointD /. PointD h} A rectangular subset of 77

Array of (RegionD R, int p) A set of regions, each assigned
o a processor p

List of {{int f, RegionD K}, Block-structured communication
{int ¢, RegionD R.}} pattern between two FloorPlans

MName

Data types that interpret abstractions

Description

GridD
XArrayD
MoverD

A multidimensional array whose index space is a RegionD
An array of GridDs; structure represented by a FloorPlanD

Object that atomically performs the data motion pattern described by a MotionPlan
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In ghost cells from logically
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BuildFillpatch(XArray X, MotionPlan M)
begin
foreachi e X
I = grow(X(i),—1)
for each j € X
if (i 1= ) {
R=1nX(j)
M.Copy(X,i, R, X, j, R)
}
end for
end for
end

a

FI1G. 5. (a) Pseudocode to generate a £111patch MotionPlan M to fill in ghost cells for XArray X, (b) The
dark shaded regions represent ghost regions that are copied into the central Grid.
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Region2 domain(1,1,N,N);
Processors2 P;
Decomposition2 T(domain);
T.distribute (BLOCK,BLOCK,P);
for 101, T)
T.setregion(i,grow(T(i),1));
end_for
XArray2< Grid2<double> > U(T);
InitGrid(U);
int RedBlack = 0
for (int k=0 ; k<NITERS#*2; k++) {
fillGhost (U) ;
for_all(i,U)
sweep(U(i) ,RedBlack) ;
end_for_all
RedBlack = 1 - RedBlack;

}

FIG. 7. Main procedure for red—black Gauss—5eidel example.
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FIG. 8. (a) Block partitioning into 16 regions. (b) Each grid is padded with a layer of ghost cells to hold
boundary conditions. {c) Dependencies that must be satisfied to refresh the ghost cells.



Jer Ghost Cells Example

ction: central to parallelism.

void fillGhost (XArray2<Grid2<double> >& X)
{
(1) MotionPlan2 M;
(2) for_1(i,X)
(3) Region2 inside = grow(X(i).region(), -1);
(4) for_1(j,X)
(5) if (i'=9) 1
(6) M.CopyOnIntersection(X,i,X,j,inside);
(7) }
end_for
(9) end_for
(10) Mover2<Grid2<double>, double> DM(X,X,M);
(11) DM.execute();
}

FIG. 9. Fillchost ( ) function for code of Fig. 6.
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son to MPI.

marksinvolving heavy matrix
NAS-FT, NASMG, SUMMA.

Table 3
Comparison of KelLP Performance with Three MPI Reference Codes on an IBM SP2

KeLP performance (MFLOPS) MPI code performance (MFLOPS)

8 16 32 64 8 16 32 64
Code nodes nodes nodes nodes nodes nodes nodes nodes

NAS-MG Class B 311 258 851 1266 283 480 706 1342

NAS-FT Class A 111 203 385 713 101 223 420 749
SUMMA 1231 2452 4699 9308 1255 2465 4518 8380

Normalized KeLP running time Percentage of time spent
(normalized so MPI running time = 1.0) communicating in KeLP version

NAS-MG Class B 0.91 0.86 0.83 1.06 22 32 46 60

NAS-FT Class A 0.91 1.10 1.09 1.05 15 21 21 23
SUMMA 1.02 1.00 0.96 0.90 23 26 27 30
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FIG. 10. Performance comparison for adaptive multigrid eigenvalue solver on the (a) IBM SP2 and (b) Intel

Paragon.
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Jacobi3D Performance Jacobi3D Performance
Intel Paragon, 16 nodes, 100x100x100 Grid, Block Decomposition SP2, 16 nodes, 100x100x100 Grid, Block Decomposition
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