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A Code Generation Framework
for Stencil Computations on Large Scale GPU Clusters

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

In the recent years, large scale clusters equipped with GPUs are considered
one of the promising architectures in HPC, and as such studies of scientific ap-
plications are being conducted on such machines. The kernel of fluid dynamics
typicaly belongs to the class of stencil computations. Problems in this class
are usualy memory-intensive, and have a relatively simple pattern of memory
access, so that it can benefit from using GPU as an accelarator. Although sten-
cil computations themselves can be described concisely, huge amount of code
must be manually written for parallelization such as domain decomposition and
boundaries exchange. Those difficulties confine the utilization of GPUs to a
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handful of people who have expertise in it. Our work is to provide a framework
which takes concise description of stencil computation as an input and gen-
erate parallelized code for GPU clusters. We have used 3d-diffusion-equation
as an example problem for evaluation. We have evaluated the performance of
two implementations; One has been implemented manually, and another has
been generated by the framework. The code generated by the framework has
achieved about 75%-125% of performance of the manual implementation.
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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 (grid3d_real , REAL);
int main(int argc, char xargv|[])

{

// create a new grid object

grid3d-real g = grid-new (grid3d-real ,N,N,N);
REAL xbuff = (REAL *)malloc(sizeof (REAL)*NxNxN);
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;

0.1xdx*dx/kappa;

repare the input grid data

(buff ,N,N,N,kx,ky,kz,dx,dy,dz, kappa, time);

cw = kappaxdt/(dx*dx);

cs = kappaxdt/(dy*dy);

cb = kappaxdt/(dzx*dz);

cc = 1.0—(cetcwtcntcs+ct4cb);

// transfer the input data to the grid object

grid_copyin (g, buff);

do {
// update the grid by applying stencil to each point
stencil_run (stencil_map (map_kernel ,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 O0O;
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<grid_name> grid_new(<grid_name>, int X, int Y, int Z)
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<type> stencil(int x, int y, int z, <grid_name> g, ...)
gooooooo.oooooOoOoOOOOOOOOOOOO,000300000000
goooooooboo,04000000000000O00. 000000000000
ocooooooooooooo. ooboboooobooooooooobooooOooboDbbO000n
ocooooooobOOOOOOOOO0OO0O0OO000000000,0000000000A0
oooo.

0000000000000 grid_get 0000000 g0 10000000000DO
ooo.o000000C0OCOOO0OO0OO000O0DO0DOOoOoOoOoOoOOOOOO0DD,00000
ooooOoOOoOoOO0OO000000000o0O0O00DO0D000000. 000000000000
ooooooooo.

<type> grid_get(<grid_name> g, int xo, int yo, int zo)

0000000 g00000000O000O0ODO0O0O0O0OO0 (x+xo,y+yo,z+zo) JOOODO.
oooO0O00o00ooooO0O0000oooO0O0O00O0ooooOO0OoboooODO0n
gooo,0o0o00oo00o00ooooooooooooOoOoObooOOobOOo0OoOoo0.ooo
goooooOoOoOOOOO0OO0O00000O0,00000000000000000000
ooooooooooo.

0300000000000 000000000. 0000 3oooooooooooD
O0,00000000C0cC0c0O0O0O000000000.00000000000 grid_dimx,
grid_dimy, grid_ dimz 00000000000 CCOOOOOOOOOOOO.

000000000000 0O0ODODOO0OU0OO stencilmeapOOOOoOODOOODODODO
cooooooooooooooooo.

stencil_object stencil_map(map_kernet f, <grid_name> g, ...)

000 stencil_t00000000O0COCOOOO0,0100000000000000
oo.02000000000000000000000,0000000000000A0
ooooooooooooooooobo.ooo,o0o0o0b0bo0o0o00000o00o0ooo
oo,00000000000.00000D00000000000COD map_kernel 00O
3000.

stencil mapU0UUO0O0O0O,0000000DODOOO0O0O0O0O0OODODODODO stencil_object
O0000.00000000000000D0 stencil run000000OC0O0O0O0OO0OO
ooooooo.

(© 2010 Information Processing Society of Japan



1 REAL map_kernel(int x,

o N o U AW N

11
12
13
14
15
16
17
18
19

gooooooood
IPSJ SIG Technical Report

int z, grid3d-real g,
REAL c¢n, REAL cs,
REAL cc)

int y,
REAL ce, REAL cw,
REAL ct, REAL cb,

int nx, ny, nz;

grid_dimx (g);
grid-dimy (g);
grid_dimz(g);

nx
ny
nz

REAL ¢, w, e, n, s, b, t;

c = grid_get (g, 0, 0, 0);

w = (x == 0) ? ¢ : grid_get(g,—1, 0, 0);

e = (x == nx—1) ? ¢ : grid_get(g, 1, 0, 0);

n = (y == 0) ?7 ¢ : grid_get(g, 0,—1, 0);

s = (y = ny—1) ? ¢ : grid_get(g, 0, 1, 0);

b = (z == 0) ? ¢ : grid_get(g, 0, 0,—1);

t = (z == nz—1) ? ¢ : grid_get(g, 0, 0, 1);

grid_emit (g, cc*xc + cw*w + cexe + cs*s + cn*n + cbxb 4+ ctx*t);

}

03 3000000000000000000O

void stencil_run(int n, stencil_run_object stencill,
stencil_run_object stencil2, o)
010000000000 000ODOODODOO,0D00D00D0OOO0ODODODODOO
O0.stencil_ run 00000000, 0000000000000O00DO0O0O0O0.DO0OO
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stencil_run(100, stencil_map(kernell,

)

gl, g2),
stencil_map(kernel2, g2, g3),
stencil_map(kernel3, g3, gl));
o0ob00,000b000000000 kernellkernel2kernel3 00000 100000
ooooooooo.
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000000000000 00000000D00, 000 stencil_reduce 00000
oo.
<type> stencil_reduce(<grid_name> g, reducer_t f)
gooooooooooobooooobo,02000000O00000000O0O0. 00
O0D00000O«<type>0 0000 200000000,100<type>000000O.

01 0oooooooo.
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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
CUDA Runtime Version | 3.10
CUDA Driver Version 3.10
Host Memory | DDR3 12GB
Network Infiniband DDR 20Gb/s
oS CentOS 5.3
oooo 10
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1 if (condition) {

2 addr = x + y#*nx 4+ z*xnx*ny;

3 } else {

4 addr = (x — 1) + y*nx + z*nxxny;
5

6

}

if (condition) {

x = grid_-get(g, 0, 0, 0);
} else {

x = grid_get(g, —1, 0, 0);

}

SRV VR

= f[addr];

05 0000000000000
04 DO0OO0OO0O0OOOOOOOOD

256x256x256
250

= manual

® normal_zloop
w fixed_zloop
# ideal

200
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GFlops

100
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