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Developer Tools Ecosystem

IDE integrations: Nsight Visual Studio Code Edition Debuggers: CUDA-GDB, Nsight Visual Studio Edition
Nsight Visual Studio Edition Nsight Visual Studio Code Edition, Nsight Compute, Nsight Graphics
Nsight Eclipse Edition
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import math Settings...
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cuda.jit(lineinfo=T -
def » .(f‘, a, X, y):
i cuda.grid(l)
if i len(r):
HEEEE SRS RS int bStep = BLOCK_SIZE *
vectorize(| floate4a(floated4, floated, float64) ], target  'cuda’

def ax : e(a, x, y):
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def . (N):
X np.random.random(N)
y np.random.random(N)
d_x - cuda.to device(x)
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NVIDIA Nsight Performance Analysis Tools

Start

Recheck overall
workload behavior

Recheck overall
workload behavior

Dive into
graphics frames

Dive Into
CUDA kernels
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variable

Nsight Systems

https://developer.nvidia.com/nsight-systems

* Application, system-wide and cluster-level profiling tool

\ variable
* Analyze workload balancing across multiple GPUs, CPUs, DPUs, it — e
NICs, servers ... "Aa"! " ‘ ; —tats
* Locate optimization opportunities M
* |dle processors (time & width) I U' u M
* Parallelism opportunities T 4 S I
* Unnecessary synchronizations ooy E i el - ”f‘

M CPU 151 K Dtwo

M CPU 162 K 010

* Timeline visualization

* Single & multi-report data analysis recipes in Python X
|:I|Er-ﬂnd.ule:#hlﬂ_m1.:::lla:z.
* Data sources h B Furi fname-ji{rai_steg)jt{maln) tranapose(p(Transformer)/de [ [Turic J [ Tharsc._) [ Thamc [ Toumic [T J; i |'|TThnuunnkﬁ=#nan?
CUDA API x [ cuStreamSynchrenize '||'3||3||3||3||5||3|| | |cuStreamSyn.
* APl trace: CUDA, OpenACC, OpenMP, cuBLAS, ... cupa w Gono 1500 K | o
_ _ 99.1% Kenels x -1'-15'-.;5'-'1'1.-_'-Ii“!'.!'fluf'.ﬂﬂ.'f'-fi !ﬂmi
* Communication: MPI, NCCL, NVSHMEM, UCX, ... vy 3 L T (T .
» OS: thread state, core occupancy, OS runtime (pthread, — = x -
glibc), syscalls, ftrace, ... :2:133: e I (' EEE
» PyTorch via NVTX P 5 - N v v T
NIC 0 (mix5_0 - NVIDIA ¢ ;
* Sampling: GPU and CPU metrics, Python call stacks e (o wvon X

* Plug-ins — BYO data providers & data analysis recipes 4 A I
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Command Line Interface

The Nsight Systems CLI provides several commands. See (ARG (=11

- Basic profiling session

nsys profile

- Interactive sessions (scriptable) o S S S ST AT S  —

nsys launch | start | stop | cancel

nsys status | shutdown .

Statistics and export -- Manage Sessions

’ L ' ’ Lisl sessions: NSys sessions list
nsys statsflnsys export p=r L i T T e TR S oS SR

. . . - Lreale new session: nsys COMVND =~session-new NAME
(export to sqglite, hdf, text, json, info,

arrow, arrowdir, parquetdir) BRI v s eey e ornanc . ine Opuiohs

- Control capture conditions using CUDA and NVTX

Uata collection options

o Aﬂa|ySIS =y N -' e " SLALISHCS ang Export

nsys analyze nSyS PeCipe I 3 WA o Ldearn more at gocs. nviciac .',!'n,"-':s.;f_J'l‘. SYSIams

https://youtu.be/r2ewwd4d0vc

5 <A NVIDIA I


http://www.youtube.com/watch?v=r2ewwd4d0vc
https://youtu.be/r2ewwd4d0vc

NVIX
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NVIDIA Tools Extensions (NVTX)

C, C++, Python

0s - 6ms +66,1ms +66,3ms +66,4ms +66,5ms +66,7ms +ERPERIY Oms +67ms +67,1ms +67,2ms = |
|

[startEndRangeWithCategory | forwa... geWit... :
{startEndRangeWithCategory | forwa...| startEndRangeWit...

Start & End | —
Annotate application source code startEndRangeWithCategory | forwa.. SNl e
[startEndRangeWithCategory | forwa...|startEndRangeWith...
- Header-only library R —
#include <nvtx3/nvToolsExt.h>
- SIMULIB
- Marker
nvtxMark("Point in time"); Start here . startEndRangeThrds [633066ps]
startEndRangeThrds
. Push/Pop Ra nge Begins: 0,0662738s
" " ° Ends: 0,0669068s (+633,066 us)
th XRa N g e PU S h ( Pe r fec .t 1y nes .t ed ran g e ) , pushPopRangeDefaultDomainAndColor [717,216 ps] Rangeld: 10
// Do something interesting in the range. ™™ TS T N ST ATATTS — oot
o nestedRangelevel2 [478,851 pus] | na thread:
thXRangePOp( ) ’ | Payload: 1.235 (uint64)

nestedRangelevel3 [359,79...

- Start/End Range

nvtxRangeId_t rangeld = nvtxRangeStart("This is a start/end range");
// Somewhere else in the code, not necessarily same thread as range start call
nvtxRangeEnd(rangeld) ;

- Provides concepts like domains, categories, colors, registered strings, and extended payloads
» Sources: https://github.com/NVIDIA/NVTX/tree/release-v3/

- Enable Nsight Systems NVTX collection with --trace nvtx (enabled by default)

7  <ANVIDIA I
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NVTX Extended Payloads, Counters & Nsight Systems Plugins

Build your own data collectors!

- Pass arbitrary data to NVTX events. Define the layout of this data without additional data conversion.

« NVTX counters Payload
. NVTX Event
- Data layout of counter groups via extended payload schemas Schema

» User-defined scopes attach describes
| data layout
- Nsight Systems plugins Schema ID
- Additional processes that can be used to collect data by emitting NVTX events gg gg 8; 88
* nsys profile|start --enable PluginName, flag1,argi=vali, ... binary data
05 w Ams +23.6ms +23.8ms +24ms e 24 226ms +24.4ms
* Threads (6)
~ [944641]
980
Neworl ACIVIY I ___mm _*——l_-— ém | NVTX counters
+ Simulib
tart s T2 ) GO R
. | MarkPointinTime
[ pushPopRangeDefaultDomainAndColor [EI'?E-,?E-# ps] | Time: 0,02422565
NVTX [ nestedRangeLevell [707,033 ps | Thread: 944641
- Additional Data
[ nestedRangelLevel? [467.711 ps ] sequence: [1- 2: 3 5 8: 13|
| nestedRangelevel3 [23.. read [MB]: 213 - Extended pay|oad
write [MB]: 455
Profiler overhe ,*® Message: You're awesome!

https://docs.nvidia.com/nsight-systems/UserGuide/index.html#nsight-systems-plugins-preview 8 <Anvibia I
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Case Study 1.
Video Background Blurring
Pipeline
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Video Segmentation Pipeline

Overview

Video Segmentation for Background Blurring

Foreground Segmentation

Video Segmentation Pipeline

Overview of the End-to-End Sample Pipeline

& = 'S |
Video Frame Input ‘ J Composited Output

i 1 Gaéjlslf:an Upscale |
Image courtesy of llimdar Avgezer ‘
Blurred Image ,’ w '
Decode Downscale Normalize Reflc_)et'r:rslca;: £ H}W}H‘“ Upscale BiI':tigtr:al /
. - . Filter
Python baseline code uses the following components: = segmenatio =
ompresse ompresse
Video Input ’ Video Output
- TTmpeg for the decoding and encoding steps
Grayscale

» OpenCV for the pre-processing and post-processing

- Py Torch for the segmentation DNN.

The 474 frames are grouped into batches of four. Every frame goes through five steps

11 <A NVIDIA. I


https://ffmpeg.org/
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Video Segmentation Pipeline
Optimization Workflow

Profile

1. Add NVTX annotations to the code Application

2. Profile the application to aet a baseline profile

nsys profile \
--trace cuda, nvtx,osrt \
--output reports/baseline \
--force-overwrite=true \
python video_segmentation/main_nvtx.py Optimize

Inspect &
Analyze

Nsight Systems

3. Analyze the profile
4. Optimize the code to address the bottleneck
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Multi-Report Analysis

Goal: Find the fastest pipeline and the most time-consuming step for different batch sizes

Create profiles for different batch sizes

for bs in 1 2 4 8 16 32; do \
printf -v bs_zfill "%02d" S{bs}; \
nsys profile --trace cuda,nvtx -f true \
-0 reports/cvcuda_batchsize/cvcuda_bsS{bs_zfill} \
python video_segmentation/main_nvtx-cvcuda-nvcodec.py
S{bs} ; \

done

Install recipe system:

Which recipes are available?

nsys recipe --help
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Multi-Report Analysis
NVTX GPU Projection Summary Recipe

o (Anal- finA tha factact ninali

Nsys recipe nvtx_gpu_proj_sum \
--input reports/cvcuda_batchsize \
--output reports/cvcuda_batchsize/results_nvtx_gpu_proj_sum \
--force-overwrite \
--log-level=error

n |
ars Ale A2 AAIA AAYSE Al AALIATIA Al AATA
_ |

able optimization target)

For each report:
For each NVTX range:

+50ms +100ms

GPU Projection
Zduration of all instances

Sort the NVTX ranges by the cumulative duration

P
Name Start Duration
~ [} pipeline 4. 80169s 22258 s
~ |] batch_0 4.80174s 1.829s
CUDA/Stream/NVTX
| preprocess.cvcuda 4.88811s 5.884 ms 7
4.89403s
> | encoder.vpf 6.60492s 25.527 ms S
~ |] batch_1 6.6306s 42 602 ms [ ]
v [123]Thread o &
| preprocess.cvcuda 6.63201s 665.071 ps Cumulative duration S —
6.63269s
» [} postprocess.cvcuda 6.67099s 1.569 ms or the range NVTX Ronge 1
| encoder.vpf 6.67259s 560.206 ys
« |] batch_2 6.67321s 40.743 ms
| decoder.vpf 6.67328s 709.065 uys —__ CUDA API D D : .
| preprocess.cvcuda 6.67416s 461.920 ys
6.67464s
» [} postprocess.cvcuda 6.7122s 1.198 ms
| encoder.vpf 6.71341s 503.060 ps

nsys

Top N Ranges per Report File

\4

Output

recipe nvtx_gpu_proj_sum --help

Helps identitfy
slow steps in the

algorithm
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NVTX GPU Projection

Video Segmentation Pipeline

= Timeline View - ‘ ‘ & Options... ‘ @B Q - 1x /™ 55 warnings, 60 messages

60ms 770 775ms |~

55

* Processes (8)
~ [883] python 0 to 100%

~ CUDA HW (0000:00:1.0- N m;| o
+ [All Streams] 1 | i
~ 98,6% Stream 13 |

b 99,7% Kemnels 1
¢ 0,3% Memory
NVTX

GPU Projection

5 streams hidde — 4+ ]
+ Threads (20)

~ [883] python 0 to 100%

4 A d A N

e /[ [p]egHedi[p-pollpollpollollfp-polpoleol] [p-], -

0S runtime libraries

NVTX

Video Encode API

Video Decode API
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File
CPU NVTX Range

total

pipeline

inference
encode

batch 0

File

GPU projected MNVTX Range
total

pipeline

inference

encode

batch 0

NVTX GPU Projection Summary Recipe

cvcuda bs01

12.1

10.6
9.5
0.2

1.1

cvcuda bs01

11.4
10.6
9.5
0.1

1.0

cvcuda bs02

7.9

0.4

3.0
0.7

1.1

cvcuda bs02

7.
0.3
2.2
0.1

1.1

cvcuda bs04 cvcuda bs08

7.2

D,

3.2

1.7

1.1

7.6

b.3

2.0

3.4

1.2

cvcuda bs16

8.1
b.5
1.5
4.

1.3

cvcuda bs04 cvcuda bs08 cvcuda bs16

1.1

1.1

7.1

6.3

3.8

1.7

1.1

7.3

B.5

3.6

2.0

1.2
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Case Study 2:
MLPerf
DeepCAM Al
Benchmark




MLPerf DeepCAM Benchmark

Nsight Systems is not aware of any cluster schedulers such as Slurm

srun <srun args> nsys profile <nsys args> -o report_name.%q{SLURM_PROCID} your_application

Limit the amount of recorded data

--capture-range
Limit the interval in which data is collected. (Capture ranges can be triggered via the CUDA profiler APl and NVTX events.)

--duration
Set a collection duration.

--delay
Delay data recording, e.qg. to skip the initialization phase.

--nvtx-domain-[include|exclude]
NVTX domain filtering can include or exclude events from an NVTX domain

Record only a set of ranks or just one, e.qg., with a helper script

if [ SSLURM_LOCALID -eq 9 ]; then
nsys profile "S@"

else
1] S@Il

fi
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MLPerf DeepCAM Benchmark

Data Collection and NCCL Utilization Recipe

- The reports have been collected with the following commands/script:

/bin/bash

Apply system-wide options only to one rank per node

if [ $SLURM LOCALID -eq © ]; then

nsys _system wide="--nic-metrics=true --storage-metrics=--storage-devices=all”

fi

srun -n 16 <more srun arguments> \
nsys profile ${nsys system wide} --trace=cuda,nvtx,osrt \
--cuda-graph-trace=node \
--pytorch=autograd-nvtx \
--capture-range=cudaProfilerApi --kill=none \
-0 ${OUTPUT DIR}/mlperf ...${SLURM PROCID} -f true \
/usr/bin/python ./train.py --capture_range start 11 --capture _range stop 29 <more trailning parameters>

- Run NCCL GPU Time Utilization Recipe

nsys recipe nccl gpu time util map
--1input /dli/task/reports/precollected/mlperf/initial run \
--output /dli/task/reports/precollected/mlperft/initial run/results nccl gpu util map \
--force-overwrite \
--bins 100 \
--log-level=error \

19 <ANVIDIA. I



Value (%6)

Rank/Device/PID

Utilization Summary (bins=100)

100

80

Gl

40 I
20
()

MLPerf DeepCAM- Initial Run

MV

\AAAA~/

Utilization (bins=100)

All
|
B
1.5 2

2.9

Duration (s)

= NCCL
= COmpuLte
= Qverlap

GPU Utilization
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Rank/Device/PID

MLPerf DeepCAM- Initial Run

Utilization Summary (bins=100)

100
r'l—_.
a0 —— NCCL
= COmpuLte

& B0 —— Qverlap
=
s 40
T
=

20 )

_ NN ~ | | -

NCCL
0/0/1636436

1/1/1636417
2211636358
3/3/1636365
41411636407
o/5/16364 38
6/6/1636393
fI1636410
8/0/24 359052
9/1/24 39938

NCCL Kernels
104272438974
11/3/2439963
12/4/2439997
13/5/24380845

14/6/24 39999
15/7/2439967

0 0.5 1

1.5 2 2.5 3 3.5 - 4.5

Duration (s)
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Rank/Device/PID

MLPerf DeepCAM - Improved 1/O

Utilization Summary (bins=100)

A A variable
A/ /
80 /
m— NCCL
- COompute

60 |

|
2: /\/\\ ,/\\ ; : 1 //\/V\//\/V\//\/\/\A

Utilization (bins=200)

- Qveriap

Value (%)

All

1.5 2 2.5

Ciniration (o)

O/Oy1004 799 -

01/1/1004816

02/2/1004 754
03/3/1004818

04/4/1004751

05/5/1004 795
06/6/1004 788

GPU

07/7/1004765 Utilization

058/0/642516
09/1/642545

10/2/642492
11/3/642518

12/4/642499
13/5/642532

14/6/642 521-

15/7/642485
0
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Rank/Device/PID

MLPerf DeepCAM - Improved 1/O

Utilization Summary (bins=100)

/\ j /;\ i variable
/|

80
NCCL

:{ ; \ f \ f ’ : ’/ \ / \ // ';4 \ /
\‘ j \ f \ | \\ ’ \ ' \| '! \ '{f \ f’ \‘. ;‘ \‘ / \ f/ \ | // \ ”,' \\ !/ ~\ / \ :i ((; ?‘ Z 1 ?U te
\ ’J \ " \ b I | | | f | / \ '; \ '/ \ f | j \ ’l \ f \ " \ veriap

Value (%)

NCCL
OVOy1004 799
01/1/1004816
02/2/1004754
03/3/1004818
04/4/1004751
05/5/1004 795
06/6/1004 788
07711004765

NCCL

Kernels
080642516

09/1/642545
10/2/642492
11/3/642518
12/4/6424398
13/5/642532

14/6/642521
15/7/642485

NVIDIA

Duration (s)



THANK YOU!

Download | https://developer.nvidia.com/nsight-systems
NOTE: website version is newer than CUDA Toolkit version

Docs https://docs.nvidia.com/nsight-systems/index.html

Forums https://devtalk.nvidia.com/default/board/308/nsight-systems/

Email nsight-systems@nvidia.com

Blogs https://developer.nvidia.com/blog/nvidia-nsight-systems-containers-cloud
https://developer.nvidia.com/blog/nsight-systems-exposes-gpu-optimization
https://developer.nvidia.com/blog/understanding-the-visualization-of-overhead-and-latency-in-nsight-
systems
https://developer.nvidia.com/blog/nvidia-tools-extension-api-nvtx-annotation-tool-for-profiling-code-in-
python-and-c-c/

Trainings https://www.youtube.com/playlist?list=PL5B692fm6--ukF8S7ul5NmceZhXLRv IR
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