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CPU Serial Code

GPU Parallel Kernel
KernelA<<< nBIk, nTid >>>(args);

CPU Serial Code

GPU Parallel Kernel
KernelB<<< nBIk, nTid >>>(args);
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Courtesy: Memorial Sloan-Kettering Cancer Center
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More than
99.5% of time 6
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Haldar, et al, “Anatomically-constrained reconstruction from noisy data,” MR in Medicine.
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for (p = 0; p < nuMP; p++) {
for (d =0; d < numD; d++) {
exp = 2*PI*(kx[d] * x[p] +
ky[d] * y[p] +
kz[d] * z[p]);
CArg = cos(exp);
SArg = sin(exp);
rFhD[p] += rRho[d]*cArg —
iIRho[d]*sArg;
iIFhD[p] += iRho[d]*cArg +
rRho[d]*sArg;
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__global__ void
cmpFhD(float* gx, gy, gz, grFhD, giFhD) {
int p = blockldx.x * THREADS_PB + threadldx.x;

Il reqgister allocate image-space inputs & outputs

x=gx[pl; y =9aylpl; z=9z[p];
rFhD = grFhD[p]; iFhD = giFhD[p];

for (int d =0;d < SCAN_PTS _PER_TILE; d++) {
/I's (scan data) is held in constant memory
float exp = 2 * Pl * (s[d].kx *x +
s[dl.ky *y+
s[d].kz * z);
CArg = cos(exp); sArg = sin(exp);
rFhD += s[d].rRho*cArg — s[d].IRho*sArg;
IFhD += s[d].iRho*cArg + s[d].rRho*sArg;
}
grFhD[p] = rFhD; giFhD[p] = iFhD;
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GSRC

*/ s[d] .kx +
¢ s[d] .ky +
s[d] .kz;

cArg /~ cos (exp) ;
sArg sin (exp) ;

exp

Performance: 7 GFLOPS
Time: 54 minutes
Bottleneck: BW to off-chip memory
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Instruction Unit exp = x[p]\ */s[d] .kx +

z[p ;
32KB 8KB
Register File / Const Cache 1
cArg <~ cos (exp) ;
sAmg‘!!!!I!!!l”

SP7
rFhD [p]\ += cArg *
sArg *
iFhD[p]/+= cArg *

sArg *
Pixel Data Scan Data
x (
y E Performance: 86 GFLOPS
Z S
rFhD ( Time: 4.4 minutes
iIFhD

Bottleneck: Trig operations
Global Memory Constant Memory
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Constant Memory

exp */ s[d] .kx +
cArg <~ cos(exp) ;
sArag sin(exp)°

cArg *
sArg *
cArg *
sArg *

Performance: 128 GFLOPS
Time: 1.2 minutes
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Gridded

CPU.SP GPU.Tune
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Sum of Absolute
Differences

* More complex than
matrix multiplication, but
still relatively small
(hundreds of lines of
code)

* Many performance
discontinuities

° P$
" 3

S. Ryoo, et al, “Program Optimization Space Pruning for a Multithreaded GPU,
ACM/IEEE CGO, April 2008.
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Sum of Absolute
Differences

By selecting only

Pareto-optimal points,

we pruned the search

space by 98% and still ')
found the optimal

configuration

S. Ryoo, et al, “Program Optimization Space Pruning for a Multithreaded GPU,
ACM/IEEE CGO, April 2008.
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» Consistent speed-up over hand-tuned single-thread code

» Best optimizations for GPU and CPU not always t
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*Over hand-optimized CPU
**Intel MKL, multi-core execution
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Thank you! Any questions?



s[d] .kx +
s[d]. +
s[d] .kz;

J

Performance: 11 GFLOPS
Time: 34 minutes
Bottleneck: BW to off-chip memory



Performance: 13 GFLOPS
Time: 29 minutes

Bottleneck: BW to off-chip memory
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Matrixmul(A[ ], B[ ], C[])

{
__shared___ Asub[ ][], Bsub[ ][ ];

inta,b,c;
float Csub;
intk;

for(...)
{

Asub[tx][ty] = A[a];
Bsub[tx][ty] = B[b];

___syncthreads();

for( k = O; k < blockDim.x; k++)
Csub += Asubty][k] + Bsub[K][tx];

__syncthreads();



Matrixmul(A[ ], B[ ], C[])

{
__shared__ Asub[ ][], Bsub[ ][ ];
int a,b,c;
float Csub;
int k;
for(...)
{
for(ty=0; ty < blockDim.y; ty++)
for(tx=0; tx < blockDim.x; tx++)
{
Asub[tx][ty] = A[a];
Bsub|[tx][ty] = B[b];
}
,/ for(ty=0; ty < blockDim.y; ty++)
for(tx=0; tx < blockDim.x; tx++)
{

for( k = 0; k < blockDim.x; k++)
Csub += Asublty][k] + Bsub[K][tx];
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Flow through a cell (dark
blue) is updated based on its
flow and the flow in 18
neighboring cells (light blue).
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CPU Version

for(i=0 to max_K) {
for (j = 0 to max_X) {
w = 2Pl * dot(K[i], x[j]);
cw = cos(w); sw = sin(w);

FHD_r[j] += RP_r[i] * cw

- RP_i[i] * sw:

FHD_i[j] += RP_i[i] * cw

+ RP_r[i] * sw;

GPU Version

local_x = x[threadldx.x];
local_r = FHD_r[threadldx.x];
local_i = FHD_i[threadldx.x];

for(i=0 to max_K) {
w = 2PI * dot( k[i] , local_x);
cw = cos(w); sw = sin(w);

local_r += RP_rli]  *cw
- RP_I[i] * SW;
local_i += RP_I[i] *cw

+ RP 1[Il  *sw;

}

FHD_r[threadldx.x] = local_r;
FHD_i[threadldx.x] = local_i;
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“Compilers and tools must extend the human’s ability
to manage parallelism by doing the heavy lifting.”
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