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CUDA 5

Application Acceleration Made Easier

Develop, Debug, and Optimize... All in one tool!

RDMA between GPUs and PCle devices

Libraries and plug-ins for GPU code

Spawn new parallel work from within GPU code on GK110




CUDA-Aware Editor Nsight Debugger Nsight Profiler

® Automated CPU to GPU code refactoring o Simultaneously debug of CPU and GPU o Quickly identifies performance issues
® Semantic highlighting of CUDA code ® Inspect variables across CUDA threads ® Integrated expert system
® Integrated code samples & docs ® Use breakpoints & single-step debugging ® Automated analysis

® source line correlation

Available for Linux and Mac OS



NVIDIA GPUDirect™ Now Supports RDMA
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Introducing: Dynamic Parallelism
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Dynamic Parallelism

Fermi GPU CPU Kepler GPU




Dynamic Work Generation

Coarse grid Fine grid Dynamic grid

Higher Performance Lower Performance Target performance where
Lower Accuracy Higher Accuracy accuracy is required

Supported on GK110 GPUs



What is Dynamic Parallelism?

The ability to launch new kernels from the GPU
* Dynamically - based on run-time data
* Simultaneously - from multiple threads at once
* Independently - each thread can launch a different grid
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Fermi: Only CPU can generate GPU work Kepler: GPU can generate work for itself




Familiar Syntax and Programming Model

int main() {
float *data;
setup(data) ;

A <<< ... >>> (data);
B <<< ... >>> (data);
C <<< ... >>> (data);

cudabevicesynchronize();
return 0;

__global__ void B(float *data)
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cudabDeviceSynchronize() ;

do_more_stuff(data) ;




Simpler Code: LU Example

LU decomposition (Fermi) LU decomposition (Kepler)

dgetrf (N, N) ({ dgetrf(N, N) {

1
for j=1 to N

synchronize();

} }

I
_:_>
for i=1 to 64 dgetrf<<<>>> : dgetrf(N, N) {
idamax<<<>>> ———— P | idamax () ; : iy J=.1 toN
memcpy : ! for i=1 to 64
] i i
dswap<<<>>> ——— P | dswap () ; | idamax<<<>>>
memcpy i ! dswap<<<>>>
dscal<<<>>> —— 1 g | dscal(); ! dscal<<<>>>
dger<<<>>> . | dger<<<>>>
next i ] ek : next i
i : dlaswap<<<>>>
memcpy : : dtrsm<<<>>>
dlaswap<<<>>> | dlaswap(); : dgemms<<<>>>
1 1 .
dtrsm<<<>>>  —————— | dtrsm(); i next j
dgemm<<<>>> S | 3
next j ' dgemm () ; ]
I
1
1

CPU Code GPU Code CPU Code GPU Code




CUDA Dynamic Parallelism




CUDA 4: Whole-Program Compilation & Linking
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main.cpp [ b.cu ! ‘ program.exe
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Include files together to build a kernel

CUDA 4 required all GPU kernel source included into one file
No linking external device code



CUDA 5: Separate Compilation

main.cpp [ES ‘ l ‘ ‘ program.exe
a.o b.o c.0

Separate compilation builds independent object files
Incremental compilation reduces compile time



CUDA 5: GPU Library Object Linking

+ +

Linker combines object files into static libraries
Link and externally call device code

Facilitates code reuse, reduces compile time




CUDA 5: GPU Library Object Linking

User-defined
device callback
functions

Enables 3rd party
closed-source
device libraries

vendor.culib

program.exe




Questions?




NVIDIA® Nsight™ Eclipse Edition

@™ @ c/C++- bitreverse/src/bitreverse.cu - Nsight

File Edit Source Refactor Navigate Search Project Run Window Help

Flv Giv %o

7‘g'LnI:a'Li void bitreverse(void *data) {
unsigned int *idata = (unsigned int*) data
idatalt x] = bitreverse(idatalth

function that pr it to the CUDA
int main(veoid) {

void *d = MULL;

int i;

unsigned int idata[WORK SIZE], odata[WORK SIZE];

for (i = 8; i < WORK_SIZE; i++)
idata[i] = (unsigned int) i;

CUDA_CHECK_RETURN(cudaMalloc((void**) &d, sizeof(int) * WORK_SIZE));
CUDA_CHECK_RETURN(
cudaMemcpy(d, idata, sizeof(int) * WORK SIZE, cudaMemcpyHostToDevic

bitreverse<<<l, WORK SIZE, WORK SIZE * sizeof(int)>>>(d);

[El Problems | Tasks | & consol
CDT Build Console [bitreverse]

make all

Building file: ../src/bitreverse.cu

Invoking: NVCC Compiler

nvcc -G -g -08 -gencode arch=compute_13, code=sm_13 -gencode

arch=compute_20, co m_ 28 -gencode arch=compute 28,code=sm 21 -odir "src" -M -o
"src/bitrever: rc/bitreve cu"

nvcc --compil -08 -g -gencode arch=compute 13, code=compute_13 -gencode
arch=compute_13, cod m_13 -gencode arch=compute_20,code=compute_20 -gencode
arch=compute 26, cod m 21 -0 "src/bitreverse.o" "../src/bitreverse.cu"
Finished building: ../src/bitreverse.cu

writable Smart Inserk

VORK_SIZE: co nt
CUDA_CHECK_RETURN()
bitreverse(unsi
bitreverse
main(void)

CUDA aware editor

Integrated CUDA samples makes it quick
and easy to get started

® Easily port CPU loops to CUDA kernels
with automatic code refactoring

® Semantic highlighting of CUDA code
makes it easy to differentiate GPU code
from CPU code

Generate code faster with CUDA aware
auto code completion and inline help

Hyperlink navigation enables faster code
browsing

® Supports automatic makefile generation

www.nvidia.com/nsight



NVIDIA® Nsight™ Eclipse Edition

::eﬁ ;ditnebug - findmax/src/findmax.cu - Nsight N S i q h t De b u q q e r

Source Refactor Navigate Search Project Run Window Help

=r Add new exp

¥ [E] findmax [C/C++ Applicat evic M 32 blocks of 32 are running Seamless and S|mU|taneOUS dEbUgglng Of
¥  cudaFindMax [0] [d 0] (Suspended : Step) ) SM B 256 threads of 256 are running
v CUDA Thread (0,0,0) Bl {0,0,0) Warp 5Lane 0 Findm: 40b8) __ bOth CPU and GPU COde
udaFindMax() at findmax.cu:98 0x934168 1 ) { warp 5Lane 1 i . 9340b8) )
CUDA Thread (1,0,0) Block (0,0,0) 1 ,0) Warp 5Lane 2 el i ) 9340b8) . - 0
b s Bboche(0,0,0) s 0] ot 163.0.0) | Warp5Lane3 | indmax.cu56 (0x9340b8) View program variables across several
» ~r “ \ - i ade) 164 NN\ i\alarm C 1 an Findm. Q& fNvazAnha) h
» CUDA threads
[€ findmax.cu = = B ||®= variables ] s O A =
t32 t _ firstElementInde ) = Name T(0,0,0)B(0,0,0) T(1,0,0)B(0,0,0) . . . .
uint32 t max = array[firstElementIndex]; generic uint32] 0x400100000 | 0x400100000 Examine execution state and mapplng Of
L t ne el : axindex int32_t al timize: alue timiz
uint32 t i = firstElementIndex + threadsCount; L i::BZ_t ‘:;:E o= :‘;;E LS the kernels and GPUS
for (; i < ARRAY_SIZE; i += threadsCount) { er uint3z 436811 7602589
r_\extElement = array[i]; value optim z . - - = o
B ::‘:ttilsrigé > max). { @register uint3z <value optim alue i VIeW, naVlgate and fllter tO SeleC“VEIy
raxindex = track execution across threads
¥ " Expressions I 21 L e
threadMax[thr £ . X X SSIC .T(E],E],E]}B(0,0,0} T(1,0,0)B(0,0,0) . . .
threadMaxTdx[t = maxIndex; array[i] @generic uint32] 436811 7602589 o Set breakp0|nts and Slngle-step execution

reduce(thr

at both source-code and assembly levels

® Includes CUDA-MEMCHECK to help
detect memory errors

www.nvidia.com/nsight



NVIDIA® Nsight™ Eclipse Edition

@@ @ Pprofile - Timeline For session diverge - Nsight

File Edit Navigate Search Project Run Window Help

& *diverge 2

T ot

=| Process: 21240
= Thread: 950560576
Runtime API
Driver API

=] Context 1 (CUDA)
¥ MemCpy (HtoD)
" MemCpy (DtoH)
= Compute
T 63.5% [4] Vec1of...
% [4] VecS 0i...
% [4] Vec1of...
[4] VecThen(.
[4] Vec32of..
T 0.0% [4] VecEmpt.
=| Streams.
Stream 1

[l Analysis | (o Details 23

Memcpy HtoD [async]
HtoD [async]
WecEmphy(vc
VecThen(int*, int*, int*, int
Vec50(int*, int*, int*, int)

Vec1of32(int*, int*, int*, inkt) ;

=g

|
[~ [ "1 " Veclof32x(int* int* int* int) |

11 |

| B | [ |
I | [ |
I |
[ \
[~ [ [ [ ' veclof32x(int* int*int*in) |

& console

Start Time Duration Grid Size Block Size Regs Static SMem Dynamic SMem

63 ms

s | 6.015ms
3.01ms

73.754ms 3.01 ms

E Properties 2

[0] GeForce GTX 280

@ Detail Graphs | =%

Value

5.345 ms

Compute Utilization

Compute/Memcpy
¥ Overlap
Kernel/Memcpy
¥ Attributes

Compute Capability |

> Maximums

Nsight Profiler

Easily identify performance bottlenecks
using a unified CPU and GPU trace of
application activity

Expert analysis system pin-points
potential optimization opportunities

Highlights potential performance problems
at specific source-lines within application
CIIES

Close integration with Nsight editor and
builder for fast edit-build-profile
optimization cycle

Integrates with the new nvprof command-
line profiler to enable visualization of
profile data collected on headless
compute nodes

www.nvidia.com/nsight



CUDA Compiler Contributed to Open Source LLVM

Developers want to build CUDA New Language
C, C++, Fortran SUPPOrit

front-ends for
Java, Python, R, DSLs

Target other processors like
ARM, FPGA, GPUs, x86

x86 New. Processor
CPUs SUPpPOrit

gCc O MPILER
INFRASTRUCTURE




Thank you




