ction to CUDA
Session-4
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Optimization workflow

Application optimization is an iterative process:

/} Profile Application

Experiment

\—— Analyze

* NSight Systems

* See application behavior in a cohesive timeline
* NSight Compute

* Detailed analysis of individual CUDA kernels
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NSight Systems

Cohesive picture of application behavior on a unified timeline

NVIDIA Nsight Systems 2020.1.1

CPU workload -

= Timeline View - & = "‘7 A2 warnings, 18 messages

» CPU (80)

~ Threads (12)

~ V| [48647] main2d.gnu.FLOA ~

Thread activities: N
OS runtime PR
CUDA API o
NVTX (NVidia Tools —

v [48658] main2d.gnu.FLOA -

eXtension)
Support for many
others (CuBLAS, e |
CUDNN, ...) » CUDA (Tesla V100-SXM2-16GB,

> IV [48659] main2d.gnu.FLOA ~ 5 | 88 | sus | 88|88 |88 888888 i R8%i @88 Q6% 6% Q%% Q0% Q0% @88 Q%% @88 i@fi@%f Q%% i@%fiiiiiiiiifiiiffiiii

9 threads hidden.. =

Events View =

‘Name Duration GPU ~ Context Start
Transfer HtoD 2.656 ps GPUD - 1.41367s

G P U kl d Transfer HioD 7.648 ps GPUD - 1.41367s
WO r Oa Transfer DtoH 1.600 ps GPUD - 1.41373s

Transfer DtoH 5.344 ps GPUD = 1.41373s

u main{) [16.658 s] 16.658 s GPUD Stream 21 1.41413s
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NSight Systems

Understand correlation between runtime API calls and GPU activity

NVIDIA Nsight Systems 2020.1.1

eerpomnery Select API call
E?milin:re; . + arnings, 18 messages
1sns 683298 A h]ghl]ghts 1683 7ms -
~ |V [48647] main2d.gnu.FLOA ~ Corresponding
08 runtime libraries GPU activi ty

FONVTX

CUDA API " cudaDeviceSynchroni , cudaDeviceSynchronize

Profiler overhead

Call to cudaLaunchKernel

B Kernel launcher

V| [48658] main2d.gnu.FLOA ~ | Begins: 1.68329s

| Ends: 1.6833s (+7.376 us)

Return value: 0

» || [48659] main2d.gnu.FLOA ~ GPU: Tesla V100-SXM2-16GE, 0000:1A:00.0
) ) Stream: 21

9 threads hidden... = s Latency: 8.661 ps—
Correlation |D: 1307

NVTX o

~ CUDA (Tesla V100-SXM2-16GB
~ >09.9% Context 1
» 27.4% Stream 22
23.8% Stream 23
22.9% Stream 21
22.1% Stream 24
3.7% Default stream (7}
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NSight Compute

Detailed performance metrics for individual kernels

File Connection Debug Profile Tools Window Help
<1 Connect

#&h profile_SP_direct.nsight-cuprof-report %
Page: Details ~ | Process: All ~ | Launch: :EvE4typeET_OSJ_EUIVE_EEVSM_ ~ | Add Baseline ~ Apply Rules Copy as Image ~
Current 4672 - _ZN5amr... Time: 642.87 msecond Cycles: 700,861,185 Regs: 206 GPU: Tesla V100,837 (UGB SM Frequency: 1.09 cycleilyecond CC: 7.0 Process: [26996] main2d.gnu.FLOAT. TPROF.MPL.CUDA.SPpSPex @ @ @

e Baselines: track e

SOL SM [%] 2.05 | Duration [msecond] 642.87

SOL Memory [%] hOW your Code 3.55 | Elapsed Cycles [cyclel Automatic detection 700861185

SOL TEX [%] 2.08 | SM Active Cycles [cycle] 700019975.96
ST changes affect o e e Of bottlenecks/ s
kernel performance GP0 ilization potential issues

SM [%]

Memory [%]
0

0.0

20.0 , 40. 50.0 j 70.0 80.0
Speed Of Light [%]

SOL SM Breakdown SOL Memory Breakdown

SOL SM: Mio Pg Read Cycles Active [%] SOL L2: Xbar2lts Cycles Active|
SOL SM: Issue Active [%] SOL L2: T Sectors [%]

Output Messages

B Ocear @ A ® [X Filter Sources: Select Source Filter... Th'is ke rnel -iS neither
[ Origin Source Message
1 ® Host NVIDIA Nsight Compute SASS analysis failed. Some information might not be available {warning : Section "text._Z11wp_ast_evalP7wp_no¢ CO m p u te n 0 r' m e m 0 ry
bandwidth bound. What

could be an issue?
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NSight Systems, NSight Compute demonstration

(demonstration)
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« Get an idea of overall application behavior with NSight Systems
* |dentify kernels for further analysis
« Can use NVTX to correlate program logic to CPU and GPU
activities
« Use NSight Compute for in-depth analysis of individual kernels
* Track the effects of code changes using Baselines
« Use the automated suggestions to identify bottlenecks

» Profile, Analyze, Experiment/test —» repeat
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Additional resources

 Official documentation (NVidia):
« https://docs.nvidia.com/nsight-systems/
« https://docs.nvidia.com/nsight-compute/NsightCompute/index.html
* Blog posts (NVidia):
« https://devblogs.nvidia.com/nsight-systems-exposes-gpu-optimization/
« https://devblogs.nvidia.com/transitioning-nsight-systems-nvidia-visual-
profiler-nvprof/
« GTC 2018 NSight Systems talk:
« http://on-demand.gputechconf.com/gtc/2018/video/S8718/
« Blue Waters tutorials:
* NSight Systems
o https://www.youtube.com/watch?v=WA8C48FJi3c
« https://bluewaters.ncsa.illinois.edu/liferay-content/document-library/
content/
NVIDIA%20Nsight%20Systems%200verview%20by%20Sneha%20Kottapalli. pdf
* NSight Compute
« https://www.youtube.com/watch?v=nYSdsJE2zMs
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