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Paper @ SC’'11 Code @ http://github.com/naoyam/physis
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Stencil DSL
e Declarative

e Portable

e Global-view

e (C-based
@

DSL Compiler

e Target-specific
code generation

and optimizations

* Automatic
parallelization

void diffusion(int x, inty, int z,

PSGrid3DFloat g1, PSGrid3DFloat g2) {
float v = PSGridGet(g1,x,y,z)
+PSGridGet(g1,x-1,y,z)+PSGridGet(g1,x+1,y,z)
+PSGridGet(g1,x,y-1,z)+PSGridGet(g1,x,y+1,2)
+PSGridGet(g1,x,y,z-1)+PSGridGet(g1,x,y,z+1);
PSGridEmit(g2,v/7.0);
}
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« DeclareGridND(fEEADE, BFDOHE)
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e PSGrid3DTypeNew, PSGridFree
— Bl REvx, vy, vzZHFDO3RTBEF

__________________________________________________

struct point {double vx, vy, vz}; i
iDeclareGridBD(struct point, Point); :
'// Grid3DPointZ¥HYLAREFFAA]EE |

__________________________________________________
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o 5] . FEEvx, vy, vzEFEFDI3IRITHBF

'struct point {

. double vx, vy, vz

'}

'DeclareGrid3D(struct point, Point);
'// PSGrid3DPointZ!A\LAREFI| A el gk

void foo() {
PSGrid3DPoint g=PSGrid3dPointNew(N,N,N);

PSGridFree(g);
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PSGrid3DFloat u;
PSGrid3DFloat v;
PSGrid3DFloat w;
PSGrid3DFloat x0, x1, x2, ..., x18;

PSGridGet(u, i, j, k);

w/o user-defined point type

= o e e e e e e e e e e e e e e e e e e e

struct Point {

float u;

float v;

float w;

float x[19];
I

eclareGrid3D(Point, struct Point);
PSGrid3DPoint g;
PSGridGet(g.u, i, j, k);
PSGridGet(g.x[l], i, j+1, k);

w/ user-defined point type
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e SOA vs. AoS
— GPU = SoA
— CPU - AoS (?)

' struct Point { struct PointGrid {

float u;

float *u;
float v; float *v-
float w; float *w-

DeclareGrid3D(Point, struct Point);

Automatic
_ _ translation | // PSGridGet(g.u, i, j, k);
PSGrid3DPoint g; t0 SOA " g->u[i+]*nx+k*nx*ny]
layout . // PSGridGet(g.x[2], i, j+1, k);

PSGridGet(g.u, i, j, k);
' PSGridGet(g.x[l], i, j+1, k);

— o e e e e e e e e e e e e e e e e e )

| g->x[i+* nx+k*nx*ny+1*nx*ny*nz];

b o o o o o o s e e e e e e e e e e S S e e e e e

. float x[19]; I - e e
:}} : :} ’
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e Cf. elemental subroutines in Fortran 95
— PSGridGet: IF R DFHHIAH
— PSGridEmit: B F R DEZIAH
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o JRELL T PSStencilMapRedBlack %&
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wvoid kernel(const int x, const int y, const int z,
PSGrid3DPoint gl, PSGrid3DDouble g2) {
double v = PSGridGet(gl,x,y,z).vx
+PSGridGet(gl,x-1,y,z).vx + PSGridGet(gl,x+1,y,z).vX
+PSGridGet(gl,x,y-1,z).vy + PSGridGet(gl,x,y+1,z).vy
+PSGridGet(gl,x,y,z-1).vz + PSGridGet(gl,x,y,z+1).vz;
PSGridEmit(g2,v/7.0);

T e e e e e e e e T e e e e e T T T T
1
1

PSGrid3DPoint g1 = PSGrid3DPointNew(NX, NY, NZ); :
iPSGridBDDouble g2 = PSGrid3DDoubleNew(NX, NY, NZ); |
' PSDomain3D d = PSDomain3DNew(©, NX, O, NY, @, NZ); !

. PSStencilMap(kernel,d,gl,g2);
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Physis1—Ha—F

static void kernel physis(const int x, const int y, const int z,
PSGrid3DReal g1, PSGrid3DReal g2,
REAL ce, REAL cw, REAL cn, REAL cs,
REAL ct, REAL cb, REAL cc) {
int nx, ny, nz;

nx = PSGridDim(gl, 0);
ny = PSGridDim(gl, 1);
nz = PSGridDim(gl, 2);

REAL ¢, w, e, n, s, b, t;
c = PSGridGet(gl, x, y, z);

if (x == 0) w = PSGridGet(gl, x, y, z); else w = PSGridGet(gl, x-1, y, z);
if (x == nx-1) e = PSGridGet(gl, X, y, z); else e = PSGridGet(gl, x+1, y, z);
if (y == 0) n = PSGridGet(gl, x, y, z); else n = PSGridGet(gl, x, y-1, z);
if (y == ny-1) s = PSGridGet(gl, x, y, z); else s = PSGridGet(gl, x, y+1, z);
if (z == 0) b = PSGridGet(gl, x, y, z); else b = PSGridGet(gl, x, y, z-1);
if (z == nz-1) t = PSGridGet(gl, x, y, z); else t = PSGridGet(gl, x, y, z+1);

PSGridEmit(g2, cc*c + cw*w + ce*e + cs*s
+ cn*n + cb*b + ct*t);
return;
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S physisc-cuda physis/examples/diffusion-benchmark/diffusion3d_physis.c

~ O

device__ static void kernel_physis(const int x,const int y,const int z,__PSGrid3DFloat_dev *gl,_PS

rid3DFloat_dev *g2,float ce,float cw,float cn,float cs,float ct,float cb,float cc)

int nx;
int ny;
int nz;
nx = PSGridDim(g1,0);
ny = PSGridDim(gl,1);
nz = PSGridDim(gl,2);
float c;
float w;
float e;
float n;
float s;
float b;
float t;

¢ = ((float *)(gl -> p@))[__PSGridGetOffset3DDev(gl,x,y,z)];
if (x == @) w = ((float *)(gl -> p@))[_ PSGridGetOffset3DDev(gl,x,y,z)]; else w = ((float *)(gl -> p@))[__ PSGridGetOffset3DDev(gl,(x - 1),

s

if (
if (

if (z

== (nx - 1)) e = ((float *)(gl -> po))[__PSGridGetOffset3DDev(gl,x,y,z)]; else e = ((float *)(gl -> p@))[__PSGridGetOffset3DDev(gl, (X
y == @) n = ((float *)(gl -> p@))[__ PSGridGetOffset3DDev(gl,x,y,z)]; else n = ((float *)(gl -> p@))[_ PSGridGetOffset3DDev(gl,x,(y - 1)

if (y == (ny - 1)) s = ((float *)(gl -> p@))[__PSGridGetOffset3DDev(gl,x,y,z)]; else s = ((float *)(gl -> p@))[__ PSGridGetOffset3DDev(gl,x,
== 0) b = ((float *)(gl -> p@))[__PSGridGetOffset3DDev(gl,x,y,z)]; else b = ((float *)(gl -> po))[_ PSGridGetOffset3DDev(gl,x,y,(z -

if (z == (nz - 1)) t = ((float *)(gl -> p@))[__PSGridGetOffset3DDev(gl,x,y,z)]; else t = ((float *)(gl -> p@))[__ PSGridGetOffset3DDev(gl,x,
((float *)(g2 -> p@))[__PSGridGetOffset3DDev(g2,x,y,z)] = (((((((cc * c) + (cw * w)) + (ce * e)) + (cs * s)) + (cn * n)) + (cb * b)) + (ct
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2. O—F4& R

e A= YNEDNI—FERZEC+H+DITRAELTEE
— ReferenceTranslator
s O—FEMDRIEAIIF7LUAO—F4ERL
— CUDATranslater
* ReferenceTranslatorz#tZ& L . CUDABI B 72 EE
— MPITranslator

— MPICUDATranslator
s I—Y—EEHRTE
— CPUMIIFT>A0SELTESE
— GPURIIT>S0AELTE S
— A—HYO—FDPSGridGetZ i H Z- #t
o ATUVIILEABMMEUTHL
— CUDA, MPIZ—7 kD iz &I MEE ALY AEF1E




CUDA Thread Blocking

e Each thread sweeps points in the Z dimension

e X and Y dimensions are blocked with AxB
thread blocks, where A and B are user-
configurable parameters (64x4 by default)

> N




Example: 7-point Stencil GPU Code

e e et e et e e e e e e e e e e e e e e e e e |

__device__ void kernel(const int x,const int y,const int z, PSGrid3DFloatDev *g,
__PSGrid3DFloatDev *g2)

for (z = dom.local min[2]; z < dom.local max[2]; ++z) {
kernel(x,y,z,&g,&g2);

I 1
I 1
I I
i { :
: float v = (((((( *__PSGridGetAddrFloat3D(g,x,y,z) + l
I *  PSGridGetAddrFloat3D(g,(x + 1),y,z)) + :
: *  PSGridGetAddrFloat3D(g,(x - 1),y,z)) + :
l *  PSGridGetAddrFloat3D(g,x,(y + 1),z)) + I
: *  PSGridGetAddrFloat3D(g,x,(y - 1),z)) + :
: *  PSGridGetAddrFloat3D(g,x,y,(z - 1))) + :
I *  PSGridGetAddrFloat3D(g,x,y,(z + 1))); :
: *  PSGridEmitAddrFloat3D(g2,x,y,z) = V; :
I} |
| |
I 1
:__global__ void _ PSStencilRun_kernel(int offset®,int offsetl, PSDomain dom, I
: __PSGrid3DFloatDev g, PSGrid3DFloatDev g2)
|

{ 1
I
I int x = blockIdx.x * blockDim.x + threadIdx.x + offseto; :
: int y = blockIdx.y * blockDim.y + threadIdx.y + offsetl; :
! if (x < dom.local_min[@] || x >= dom.local max[@] || !
| (y < dom.local min[1] || y >= dom.local max[1])) :
: return ; :
I int z; I
|
| |
I 1
| |
| |
I 1
I 1
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________________________________________________________

. OPT_OFFSET_COMP = true | false :
i OPT_LOOP_PEELING = true | false i
' OPT_REGISTER_BLOCKING = true | false :
. OPT_LOOP_OPT = true | false :
i OPT_UNCONDITIONAL GET = true | false :
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————————————————————————————————————————————————————————

glil[J]1[k] = a*(f[i][a'][k]#[i][j][k-

g[i][J]1[k] = a*(kc+kp+kn);

EAE 1LJ] I
1]+F[1][J][k+1]); :

'double ke = F[i][j][0]; :

'doubke kn = fF[i][j][1]; i

for (int k = 1; k < n-1; ++k) { :

&A% 1+ double kp = kc; :
kc = kn; i

" kn = f[i][§][k+1];
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————————————————————————————————————————————————————————

idx += n*n;

BART | g[i]1[§1[k] = a*(F[i+j*n+k*n*n]+ i
i fli+j*n+(k-1)*n*n]+f[i+j*n+(k+1)*n*n]); |
(int idx = i+j*n+n*n; |
for (int k = 1; k < n-1; ++k) { i
% gli][jl[k] = a*(f[idx]+f[idx-n*n]+f[idx+n*n]); :

ZFDMIL—TE—) T ED I —T &L



Overlapped

Computation and Communication

Inner
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imizat

Opt

exchanges wit

3. Boundary
neighbors

1. Copy boundaries from
GPU to CPU for non-unit

stride cases
interior points

2. Computes

A A
- v
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1
g
¢!
g
gt
gt
gt
g
gt
gt
gt
g
g!
'l
dq
"
’l

!

4. Computes boundaries

Boundary
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, ple: 7-Point Stencil CPU Code
Computing

for (i = 0;|i < lmteriof Points
__PSStencilRun_kernel_interior<<<s0_grid_dim,block_dim,0, stream_interior>>>
(__PSGetlLocalOffset(0),_ PSGetLocalOffset(1), PSDomainShrink(&s0 -> dom,1),
*((__PSGrid3DFloatDev *)(__PSGridGetDev(sO -> g))), *((__PSGrid3DFloatDev *)(__PSGric
int fw_width[3] = {1L, 1L, 1L};
int bw_width[3] = {1L, 1L, 1L}: Boundary
__PSLoadNeighbor(s0 -> g,fw_width,bw_width,0,i > 0,1j; Exchange
__PSStencilRun_kernel_boundary_1 bw<<<1,(dim3(1,128,4)),0,
stream_boundary kernel[0]>>>(__PSDomainGetBoundary(&s0 -> dom,0,0,1,5,0),
*((__PSGrid3DFloatDev *)(__PSGridGetDev(sO -> g))), *((__PSGrid3DFloatDev *)(__PS
__PSStencilRun_kernel_boundary_1 bw<<<1,(dim3(1,128,4)),0,

stream_boundary kernel[1]>>>(__PSDomainGetBoundary(&s0 -> dom,0,0,1,5,1),
*((__PSGrid3DFieatDev *)(__PSGridGetDev(sO -> g))), *((__PSGrid3DFloatDev *)(__P¢

__PSStencilRun_kernel_boundary 2 fw<<<1,(dim3(128,1,4)),0,
stream_boundary kernel[{1]>>>(__PSDomainGetBoundary(&s0 -> dom,1,1,1,1,0),
*((__PSGrid3DFloatDeyv *)( > PSGridGetDev(sO -> g))), *((__PSGrid3DFloatDev *)(__
cudaThreadSynchronize();

Computing
Boundary Planes
Concurrently

}

cudaThreadSynchronize();

}

31
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e Performance and productivity

e Sample code
— 72 diffusion
—IREATFI—D
e Platform

— Tsubame 2.0

e Node: Westmere-EP 2.9GHz x 2
+ M2050 x 3

e Dual Infiniband QDR with full
bisection BW fat tree




7 Eidiffusion

1 GPU (Tesla M2050), CUDA 4.1

Hand-tuned No-opt Register Offset CSE Full Opt

Blocking
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Diffusion Weak Scaling
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Seismic Weak Scaling
Problem size: 256x256x256 per GPU
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Diffusion Strong Scaling

Problem size: 512x512x4096
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PhysisIZ kA EC R
c MFAICEETAIWE |

struct VariablesP {

= — == FLOAT f_n[NUM_DIRECTION]; // NUM_DIRECTION=19
=2DTE= FLOAT nINM. -
o e e DecIareGr'id3D§VariabIes, struct VariablesP);
) j_ |J */ j— ) I/T —g*ﬁ ] =] struct BasisVariablesP {
i FLOAT r_n; FLOAT u_n; FLOAT v_n; FLOAT w_n;
é l?k BE 7
H=< DeclareGrid3D(BasisVariables, struct BasisVariablesP);

struct FluidPropertyP {
FLOAT vis;

c FRICHTHIEEZR |

|
! !
I |
I |
I |
I |
I |
I |
I |
I |
I |
I |
I |
I |
I |
I |
I |
|
— |
- ﬁ*ﬂt L =E I DeclareGrid3D(FluidProperty, struct FluidPropertyP);
A 3 —] ’ ’ 1
T /)I/F;s L C A | struct StressP { :
I |
|
' :
I |
I |
I |
I |
I |
I |
I |
I |
I |
I |
I |
I |
I |

*7|-?\- FLOAT vis_sgs; FLOAT Fcs_sgs; FLOAT Div;

\ ) ; FLOAT WW;
— A F LD CUDAH—
RILA—F IS HE

DeclareGrid3D(Stress, struct StressP);

PSGrid3DVariables cq_p;
PSGrid3DVariables cqn_p;
PSGrid3DBasisVariables cbq_p;
PSGrid3DFluidProperty cfp_p;
PSGrid3DStress str_p;



Elapsed Time (sec)
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1 GPU (Tesla M2075), CUDA 4.2

MEHELEER

l Lower is better

128

192
Grid size (N"3)
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MERELLER

* CPU: Xeon E5 8 cores RK Elapsed Time
— BW: ~30 GB/s

* GPU: Tesla C2050
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do k=1,kx

do j=1,jx

do i=1+mod(k+j+color+ip,2), ix, 2
idx = bp(i,j,k)
ndag_e = real(ibits(idx, bc_ndag_E, 1)) ! e, non-diagonal
ndag_w = real(ibits(idx, bc_ndag W, 1)) w
ndag_n = real(ibits(idx, bc_ndag_N, 1)) !'n
ndag_s = real(ibits(idx, bc_ndag_S, 1)) !s
ndag_t = real(ibits(idx, bc_ndag T, 1)) !t
ndag_b = real(ibits(idx, bc_ndag B, 1)) !b
dd = 1.0 / real(ibits(idx, bc_diag, 3)) ! diagonal
pp = p(i,j,k)
ss=ndag_e * p(i+1,j ,k ) + ndag_w * p(i-1,j ,k ) &

+ ndag_n * p(i ,j+1,k )+ ndag_s * p(i ,j-1,k ) &
+ ndag_t * p(i ,j ,k+1) + ndag_b * p(i ,j ,k-1)

dp = ( dd*ss + b(i,j,k) - pp ) * omg
p(i,j,k) = pp + dp
res = res + dble(dp*dp) * dble(ibits(idx, Active, 1))

end do

end do

end do
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static void sor2sma_kernel(const int i, const int j, const int k,
PSGrid3DReal p, REAL_TYPE omg, PSGrid3DDouble res,
PSGrid3DReal b, PSGrid3DInt bp) {
int idx = PSGridGet(bp, i, j, k);
REAL_TYPE ndag_e = real(ibits(idx, BC_NDAG_E, 1)); // ! e, non-diagonal
REAL_TYPE ndag_w = real(ibits(idx, BC_NDAG_W, 1)); // !w
REAL_TYPE ndag_n = real(ibits(idx, BC_NDAG_N, 1)); // !n
REAL_TYPE ndag_s = real(ibits(idx, BC_NDAG_S, 1)); // !s
REAL_TYPE ndag_t = real(ibits(idx, BC_NDAG T, 1)); // !t
REAL_TYPE ndag_b = real(ibits(idx, BC_NDAG_B, 1)); // ! b
REAL_TYPE dd = 1.0 / real(ibits(idx, BC_DIAG, 3)); // ! diagonal
REAL_TYPE pp = PSGridGet(p, i, j, k);
REAL_TYPE ss = ndag_e * PSGridGet(p, i+1,j ,k ) + ndag_w * PSGridGet(p, i-1,j ,k )
+ ndag_n * PSGridGet(p, i ,j+1,k )+ ndag_s * PSGridGet(p, i ,j-1,k )
+ ndag_t * PSGridGet(p, i ,j ,k+1) + ndag_b * PSGridGet(p, i ,j ,k-1);
REAL_TYPE dp = ( dd*ss + PSGridGet(b, i, j, k) - pp ) * omg;
PSGridEmit(p, pp + dp);
PSGridEmit(res, dble(dp*dp) * dble(ibits(idx, ACTIVE_BIT, 1)));
}
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— M2075 BW: 90 GB/s > Xeon: 35 GB/s

e IRZYIYIILIN—H—RILDH

1000
=¢=Qriginal
E =l=Physis/CUDA
L 100 —
()
£
|—
e
(]
& 10
0
Ll
1 [ [
64 128 256

Problem Size (N/3)



SHOHE
‘E@:E‘l’ﬁ_l_ﬁf‘y:%é /\UD?IEE

— Structured Adaptive Mesh Refinement
— Fast Multipole Method
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