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IACAT
Apps/Frameworks

UIUC/NSF

Petascale
Computer

NSF/UIUC/IBM

CUDA Center 
of Excellence

Tools/Education
NVIDIA

Rigel
1-10 T Chips

(to be disclosed)
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Load/store

Global Memory

Thread Execution Manager

Input Assembler

Host

Texture Texture Texture Texture Texture Texture Texture TextureTexture

Parallel Data
Cache

Parallel Data
Cache

Parallel Data
Cache

Parallel Data
Cache

Parallel Data
Cache

Parallel Data
Cache

Parallel Data
Cache

Parallel Data
Cache

Load/store Load/store Load/store Load/store Load/store
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CPU Serial Code
Grid 0

. . .

. . .

GPU Parallel Kernel

KernelA<<< nBlk, nTid >>>(args);

Grid 1
CPU Serial Code

GPU Parallel Kernel 

KernelB<<< nBlk, nTid >>>(args);
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Vision, Imaging, VACE,  HCI, Modeling and Simulation…
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146X 36X 19X 17X 100X

Interactive Interactive 
visualization of visualization of 

volumetric white volumetric white 
matter connectivitymatter connectivity

Ionic placement for Ionic placement for 
molecular molecular 
dynamics dynamics 

simulation on GPUsimulation on GPU

TranscodingTranscoding HD HD 
video stream to video stream to 

H.264H.264

Simulation in Simulation in 
MatlabMatlab using .using .mexmex
file CUDA functionfile CUDA function

Astrophysics NAstrophysics N--
body simulationbody simulation

149X 47X 20X 24X 30X

Financial Financial 
simulation of simulation of 

LIBOR model with LIBOR model with 
swaptionsswaptions

GLAME@labGLAME@lab: An : An 
MM--script API for script API for 
linear Algebra linear Algebra 

operations on GPUoperations on GPU

Ultrasound Ultrasound 
medical imaging medical imaging 

for cancer for cancer 
diagnosticsdiagnostics

Highly optimized Highly optimized 
object oriented object oriented 

molecular molecular 
dynamicsdynamics

CmatchCmatch exact exact 
string matching to string matching to 

find similar find similar 
proteins and gene proteins and gene 

sequencessequences
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More than 
99.5% of time

Haldar, et al, “Anatomically-constrained reconstruction from noisy data,” MR in Medicine.

Reconstruction of a 643 image used to 
take days!
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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 –

iRho[d]*sArg;
iFhD[p] += iRho[d]*cArg +

rRho[d]*sArg;
}

}

__global__ void 
cmpFhD(float* gx, gy, gz, grFhD, giFhD) {

int p = blockIdx.x * THREADS_PB + threadIdx.x;

// register allocate image-space inputs & outputs
x = gx[p];  y = gy[p];  z = gz[p];  
rFhD = grFhD[p];  iFhD = giFhD[p];

for (int d = 0; d < SCAN_PTS_PER_TILE; d++) {
// s (scan data) is held in constant memory
float exp = 2 * PI * (s[d].kx * x + 

s[d].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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Performance: 128 GFLOPS
Time: 1.2 minutes
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T10P

G80

DNA Sequence DNA Sequence 
Alignment Alignment 

Dynamics of Black Dynamics of Black 
holesholes

G80

T10P

CholeskyCholesky
FactorizationFactorization

LB Flow LightingLB Flow Lighting Ray TracingRay Tracing

Reverse Time Reverse Time 
MigrationMigration

Performance Scaling – Cores and Memory

Video ApplicationVideo Application
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• Programmers are 
doing too much 
heavy lifting

• Too many memory 
organizational 
details are 
exposed to the 
programmers

Sum of Absolute 
Differences

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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IA multi-core
& Larrabe

NVIDIA GPU

NVIDIA 
SDK 1.1

MCUDA/
OpenMP

CUDA-lite

CUDA-tune

CUDA-auto

1st generation CUDA programming 
with explicit, hardwired  thread 
organizations  and explicit 
management of memory types and 
data transfers

Parameterized CUDA programming 
using auto-tuning and optimization space 
pruning

Locality annotation programming to 
eliminate need for explicit management of 
memory types and data transfers

Implicitly parallel programming with data 
structure and function property 
annotations to enable auto parallelization
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• Consistent speed-up over hand-tuned single-thread code
• Best optimizations for GPU and CPU not always the same

*Over hand-optimized CPU
**Intel MKL, multi-core execution
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Cosmology, CFD, Molecular Dynamics, Microsoft e-science
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Thank you! Any questions?


