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Towards an Automatic Code Generation Framework

for Parallel Stencil Computations on GPU Clusters

TaTsuO NOMURA, ! NaoyA MARUYAMA, !
Tosuio ENDO! and SATosHI MATSUOKATL:T2

The kernel of fluid dynamics typicaly belongs to the class of stencil computa-
tions. Problems in this class are usualy memory-intensive, and have a relatively
simple pattern of memory access, since it can benefit from using GPU as an
accelarator. Although stencil computations themselves can be described con-
cisely, we have to write huge amount of code which forms parallelization such
as domain decomposition and boundaries exchanging. Those difficulties confine
the utilization of GPU to a handful of people who has expertise in it. Our work
is to provide a framework which takes concise description of stencil computa-
tion as an input and generate parallelized code for GPU clusters. We picked

3d-diffusion-equation as an example problem for evaluation. We evaluated the
performance of its two implementations; One is implemented manually, and an-
other is auto-generated by our framework. We have allowed the code size to be
reduced to one-third approximately, and achieved about 70% of the performance
of hand-coded implementation. We are planning to implement optimizations
for more performance gain as the future work.
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for (y=0; y<ysize; y++) {
for (x=0; x<xsize; x++) {
fnew(x,y) = cc*f(x,y)
— — +ew* f ( y)+ce*f(x+1,y)

-1,
+cn*f(x,y-1)+cs*f(x,y+1);
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2 #define REAL float
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DeclareGrid3D (real , REAL);
int main(int argc, char xargv[])

{

// create a new grid object

grid3d-real g = grid3d-real_new (N,N,N);
REAL xbuff = (REAL x)malloc(sizeof (REAL)*N*Nx*N);
REAL time = 0.0;

int count = 0;

REAL 1, dx, dy, dz, kx, ky, kz, kappa, dt;
REAL ce, cw, ¢cn, cs, ct, cb, cc;

1 = 1.0;

kappa = 0.1;

dx = dy = dz = 1/N;

kx = ky = kz = 2.0xM_PI;

dt 0.1xdx*dx/kappa;

// prepare the input grid data

init (buff ,N,N,N,kx,ky,kz,dx,dy,dz, kappa,time);
ce = cw = kappaxdt/(dxxdx);

cn cs kappaxdt /(dyxdy);

ct cb = kappaxdt/(dzx*dz);

cc = 1.0—(ce+cw+cn+cs+ct+cb);

// transfer the input data to the grid object
grid_copyin (g, buff);

do {
// update the grid by applying stencil to each point
grid_update (stencil ,g,ce,cw,cn,cs,ct ,cb,cc);

time += dt; count++;
} while (time + 0.5xdt < 0.1);
grid_copyout (g, buff); // transfer the grid data to buff
grid_free(g); // destroy the grid
return O0;
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go.
grid3d_<key> grid3d_<key>_new(int X, int Y, int Z)
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1 REAL stencil (int x, int y, int z, grid3d-real g,
REAL ce, REAL cw, REAL cn, REAL cs,
REAL ct, REAL cb, REAL cc)

int nx, ny, nz;

grid_-dimx (g);
grid-dimy (g);
grid_dimz(g);

nx
ny
nz

:

c, w, e, n, s, b, t;
grid-get (g,0,0 O)

(z == 0) : grid_get (g,
(z == nz—1) ? : grid_get (g, s 1)
return ccxc + cwxw + cexe 4+ csxs 4+ cn*n + cb*xb 4+ ctx*t;
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(x == 0) c grid_get(g,—1, 0, 0);
(x == nx—1) ? ¢ : grid_get (g, 0, 0);
c : grid_get (g, -1, 0);
(y = ny-1) 7 ¢ L, 0);
c 0,
c 0

1,
0,
: grid-get (g, O,
0,
0,
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void grid3d_<key>_update_nth(stencil_t f, int n, grid3d_<key> g, ...)
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CPU Model Intel Core i7 920
Clock 2.67GHz
Cores 4 physical cores (8 logical cores)
GPU Model Tesla C2050
Clock 1.15GHz
Device Memory 3GB
Compute Capability 2.0
Host Memory | 12GB
Network Infiniband DDR 20Gb/s
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