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Developer Tools Ecosystem

Debuggers: cuda-gdb, Nsight Visual Studio Edition
Nsight Visual Studio Code Edition

Correctness Checker: Compute Sanitizer

$ compute-sanitizer --leak-check full memcheck_demo
========= COMPUTE-SANITIZER

Mallocing memory

Running unaligned kernel

Ran unaligned kernel: no error

Sync: no error

Running out of bounds kernel

Ran out of bounds kernel: no error

Sync: no error

========= Jnvalid _ global write of size 4 bytes
at Ox60 in memcheck demo.cu:6:unaligned kernel(void)
by thread (0,0,0) in block (0,0,0)
Address 0x400100001 is misaligned

Profilers: Nsight Systems, Nsight Compute, CUPTI, NVIDIA Tools eXtension (NVTX)
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Arithmetic Intensity [FLOP/byte]

IDE integrations: Nsight Visual Studio Code Edition
Nsight Visual Studio Edition

X Debug - vectorAdd/src/vectorAdd.cu - Nsight

File Edit Source Refactor Navigate Search Project Run Window Help

vq‘

v "ne t"O'Q
1> Debug B3 +

¥ B vectorAdd {0} [device: gk110 (0)] (Breakpoint)
» & CUDA Thread (0,0,0) Block (0,0,0)
v % All CUDA Threads
¥ & Block (0,0,0) [sm: 11]
» & CUDA Thread (0,0,0) [warp: 0 lane: 0] (ved

8>

ic] vectorAdd.cu 28

’ 4 VELAVIMAUM IAVID L TAVaL "M, WL 1Twwas g

33 {
: int { = blockDim.x * blockIdx.x + t!
& 36 if (i < numElements)
:
Cl[i] = A[1] + B[1];
39}
10}
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O

Al Integration: https://developer.nvidia.com/nsight-copilot
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Nsight Profiler Product Family

Product roles Performance analysis loop

Start Here

Nsight Systems

Analyze application algorithm system-wide

Re-check overall . Re-check overall
performance N5|ght SVStems performance

Comprehensive workload-level performance
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Nsight Compute
Debug/optimize CUDA kernels

Nsight Compute Nsight Graphics

Detailed CUDA kernel performance Detailed frame/render performance

Nsight Graphics

Debug/optimize graphics workloads

Dive into top CUDA kernels Dive into graphics
using metrics/counter collection frames

@2 NVIDIA




Introducing Nsight Python

Profiling directly from Python - no GUI required!

° ' vel Nsight Analyze Kernel Plot Results
NSIght Python NOW ||Ve. NVIDIA RTX 3500 Ada Generation Laptop GPU, NV-8B61Y74

1e8

- Python API for kernel profiling across multiple configurations

Annotation

127 —a— matmul

» Automatic plotting for visualization and comparisons

1.0

- Access profiling data directly from Python objects
+ Available on PyPi and GitHub

» https://pypi.org/project/nsight-python/

0.6 -

» https://github.com/NVIDIA/nsight-python

- Will be extended to more tools use cases in the future (call for input!)

gpu__time_duration.sum (avg: 10 runs)

@nsight.analyze.plot("02 parameter sweep.png")
@nsight.analyze.kernel(configs=sizes, runs=10)
def benchmark matmul sizes(n: int) -> None:

0.2 -

0.0

Benchmark matrix multiplication across different sizes.
The 'n’' parameter comes from the configs list. & & &

torch.randn(n, n, device="cuda")
torch.randn(n, n, device="cuda")

with nsight.annotate("matmul”):
=a@h

"ttne//deve "or Nvic T Inciaht-rmyvt+F ©ZNVIDIA
nttps://developer.nvidia.com/nsight-python




The Bugs Stop Here

Numba CUDA provides a CUDA target for the s
Numba Python JIT Compiler

GPU acceleration from Python

Enabled via cuda-gdb and Nsight Visual Studio s | s cuda. jit(debug=True, opt=

"y w hello(input, output): input = [6 1 2 3 4 56 7], output
COde Edltlon gid = cuda.grid(1l) gid = <optimized out>
size = len(input)
gid >= size:

Support for Python device code just like native
debugging

print('input(', gid, '] , inputigid])

output[gid] = input[size - gid - 1]

Common Debug Tasks Supported dh:syncthreads()
Breakpoints —
Stepping oo

Variable Inspection

v BREAKPOINTS
¥ @oA0 L Numba:hello.py Example (debugging) Ln18,Col1 Spaces:4 UTF8 LF () Python &3 3.12.0 (Numba-EA-python3.12) CUDA:(0,0,0)(0,0,00 0

Numba CUDA users - we want to talk to you!

RTL — g f ~1 - - . e E W 'r”' T ( o e - cAr xf,\! o o iV ey el
https://nvidia.github.io/numba-cuda/user/debugging.html SANVIDIA




Making Your Kernels POP!

Multi-Report Analysis

» Automatic comparison of reports from:

» Multiple processes, nodes, or configurations

* Intelligent report clustering and merging

» Visually identify/cluster similar reports and outliers
- Merge multiple reports (average, union, intersection)

» Save precious analysis time

Instruction Mix and Scoreboard Dependency Analysis
- Understand breakdown of source into instruction type (pipeline bottlenecks)
» Input and output dependencies causing stalls attributed to source

+ “Who am | waiting on and who’s waiting for me?”

(4 numElements, =d_in, kM, *d_ 8.67%

- index = | X * . X ¥ ‘ dx. X 2% 1.56%

(index < numElements) 8.97%

A > 68 d_out[index] = d_in[index] + k; 98% 93.38%

Instructions & Scoreboards Inline Functions Source Markers

Self Instruction Mix Input Scoreboard Dependencies

Scoreboard Stalls  All Stalls
o4 . T B8R 39.1%

Instructions
4,B88K 7.1%

Instruction Category
Floating Point

Load/Store 4.2% 181 4. u% 201
Uniform Datapath 8.6% 26 7.1%
Movement 8.3% 7.1%
7 14.3% 197K

Attributed Stalls Instructions
e 7.1%
IEEEEN 181 7.1%

Scoreboards
EERTTEEN

Location Instruction Category
uncoalescedGlobalAccesses.cu68 Load/Store
uncoalescedGlobalAccesses.cu68 Floating Point

93 .3K
14.3% 197K
98 . 3K
98.3K
Integer 8.2%

93.3K
93.3K

Report Clustering

Minimum Cluster Size: 3
Maximum Cluster Size: No Limit

Select Reports Run Clustering Reset to Default

Suggest Clusters

Reports 16
Selected clusters: 2

& ——

SRS SLTYBTUTE
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1 - 14 a . n | ¥ w18

msort_rund ncu-rep
msort_run2.ncu-rep
msort_run3.ncu-rep
msort_run_2-3.ncu-rep
msort_run_2-2 ncu-rep
msort_run_2-1.ncu-rep
vecAdd-2-15.ncu-rep
vecAdd-2-16.ncu-rep
vecAdd-1-10.ncu-rep
vecAdd-1-11.ncu-rep
nvink-p9-2.ncu-rep
nvink-p9-1.ncu-rep
nviink-data2 ncu-rep
nviink-21.ncu-rep
nviink-20.ncu-rep

nviink-datal.ncu-rep

Output Scoreboard Dependencies

Scoreboard Stalls  All Stalls Instn
oy . T% BB 39.1% 4.88K 7.
cRichiclicli g,2% 181 4.2% 192 7.

Scoreboards
ED"EEDB

Location instruction Category
uncoalescedGlobalAccesses.cu68  Floating Point
uncoalescedGlobalAccesses.cu68 Load/Store

@ NVIDIA




CUPTI Improvements
_v2 APIs - Beta: 13.2, Release: 13.3

User Defined Activity Records
Less code maintenance (No bumping CUpti_ActivityKernel8 -> CUpti_ActivityKernel9 -> ...)
Only select the fields you care about
Smaller activity records
Reduced backend overhead to collect unnecessary data

Multiple Subscriber Support
Opportunistic multiplexing of CUPTI callback and activity APls between multiple clients
Requires buy-in from first subscriber and all subscribers use _v2 APIs
Private record buffers per subscriber

CUPTI Python
Now supports PC Sampling and Range Profiling APIs
Hardware Event System

cuptiActivityEnableHWTrace / CUPTI_ACTIVITY_ATTR_ENABLE_HES
Blackwell+ hardware accelerated kernel start / stop timestamp collection

NVIDIA



IDE integrations: Nsight Visual Studio Code Edition
Nsight Visual Studio Edition
Nsight Eclipse Edition
JupyterlLab

%% Debug 23

Developer Tools Ecosystem

Debuggers: CUDA-GDB, Nsight Visual Studio Edition

Nsight Visual Studio Code Edition

)

P Jeps D20 File Edit View Project Build Debug Team Nsight Tools Test Analyze

v f vectorAdd {0} [device: gk110 (0)] (Breakpoint) - » Continue -

matrixMul.cu - matrixMul - Visual Studio Code P g‘f CUDA Thread

% CUDATHh
N P CUDA: Debug wit v 4 E
VARIABLES
Local e A
File Edit View Run
" demo.ipynb
B+ X O O »

[1]: | from numba import cuda , floaté64,

import math

import numpy as np
np.random.seed(1)

cuda.jit(lineinfo=True)

def (r, a,
i cuda.grid(1)
by gl len(r):

rfi]

vectorize([float64(floate4, floate4, floated4)], target-'

def
return a

syncthreads();

cuda.to_device(x)
cuda.to_device(y)
cuda.device_array_like(d_x)

4.5

axpy_vectorize(a, d_x, d_y, out=d_r)

v & All CUDA Threa

® |+ + Profiling with Nsight Systems...
" C Profiling With Nsight Compute...

np.random.random(N)
np.random.random(N)

RN R Py
™ o }), ~ 3

-3 4 (0 [ &
DLIocC J.U U}
s, -, . i
SRR i\ S AR 4

) Block (0,0,0)

matrodMul.cu

%3/ matrodViul : (Global Scope)

NVIDIA Nsight | Settings Help

Run and profile selected cells...

Settings...

X5 Y):
a x[i] y[i]
(a, x, y):

X y

(N):

vectorize_add_vectors(2

Correctness Checker: Compute Sanitizer

$ compute-sanitizer --leak-check full memcheck_demo

========= COMPUTE-SANITIZER
Mallocing memory

Running unaligned kernel

Ran unaligned kernel: no error
Sync: no error

Running out of bounds kernel

Ran out of bounds kernel: no error
Sync: no error

========= Jnvalid @ global write of size 4 bytes S AL EEEERREERE

by thread (0,0,0) in block (0©,0,0)
Address 0x400100001 is misaligned

7] NVIDIA Nsight Systems 2023.2.0
File View Tools Help

v GPU Speed Of Light A\

Jetson TensorRT CPU-GPU-DLA-PVA.qdrep (AllSamples_GPUApcllo_DLAOSurround_DLA1Apollo_PVAOSparseLK) X deepstream-tensarRT

Processs [20680] matricMul. exe ; Thread: |1] CUDA Thread

Disassembly € X

MatradMulCUDAfloat * C,

Viewing Options

Stack Frame: MatrcMulCUDA

s%: MatredMulCUDA<int= 32> Hlost® float®

int bStep = BLOCK SIZE

<intz 32> (e

= e - maximum. High-Jevel overview of the utilization for compute and memory resources of the GPU presented as a roofiine chart.

P es9m3ms, | SoL sM [X]

SOL Memory [%]
[ SOL L1/TEX Cache [%]
SOL L2 Cache [%]

r CPU(8)

A Y
Task [11.... Task [11.... Task [11...  Task[11... Task[11...  Task[11... Task [11.... Task [11.... 2 SOL DRAM [x-‘

v @ [5099] infer_perf
— — — —= == task_end
» CUDA HW (0000:00:00.0 - Xavi' NG NAN R B4R NN Ed] 00 RE NS L] BN SOR BN iR S PRGN

¥ Threads (13)
¥ V| [5099] infer_perf ¥

Other accelerators API 1,000

V| |5124] infer_perf =

100

Tensor! RT

fer(Batc... tra.

CUDA AP ol S 0 il

CUDNN

CuBLAS

L oun

{F\
a8
oo
o
-
0O
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~ Threads (13)

at 0x60 in memcheck demo.cu:6:unaligned kernel(void) Cam T REES

Other accelerators API _l_ l|_ l .‘ ]

V| [5120] cuda EviHandir = Wi i
—

V| [5143] infer perf =

v [5101] infer perf

¥ CUDA HW (0000:00:00.0 - Xavi * =

» 99.3% Stream 38

» 0.6% Default stream 7

©.02 | buration [usecond]

©.39 | Elapsed Cycles [cycle]

Tools eXtension (NVTX)

qarep (repor24.q - High-Jevel overview of the utilization for compute and memory resources of the GPU. For each unit, the Speed Of Light (SOL) reports the achieved percentage of utilization with respect to the theoretical

14.43 | SM Active Cycles [cycle]

.39 | SM Frequency [cycle/nsecond]
©.34 | DRAM Frequency [cycle/nsecond]

Floating Point Operations Roofline

Arithmetic Intensity [FLOP/byte]

100

SOL Rooflines
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Nsight Product Family

Profiler Workflow

Start here

Nsight Systems -

Analyze application ,
al go ryit h mpSpySte m-wide ISR —— Comprehens!;‘vselg?}klizci'l:ee\/gierformance Re-check overall performance

Nsight Compute -

Debug/optimize CUDA
kernel

Dive into top CUDA kernels by using Dive into graphics
metrics/counter collection frames

Nsight Graphics -
Debug/optimize Nsight Compute

Nsight Graphics
graphics workloads

Detailed CUDA kernel performance Detailed frame/render performance

9 < NVIDIA.



Nsight Systems Network
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NVIDIA NIC/HCA Metrics Sampling (InfiniBand & RoCE)

T +750ms +800ms +850ms +900ms +950ms 7S +50ms +100ms +150ms +200ms +250ms +300ms +350ms +400ms

NIC-0

IB Bytes received

IB Bytes sent

IB Send waits

NIC-1
NIC-2

NIC-3

» CPU (96)

» CUDA HW (0000:44:00.0 - NVI
v Threads (10)

~ [21004] MPI Rank 18 ) e R, R B e e S e R i

MPI MPI Recv [318.951 ms] I MPI Sendrecv [375.323 ms] I MPI Recv [162.305 ms] I
[ucp_tag_send_nbx | UCP transfer submit [J
v UCX
icp_tag_recv_nbx | UCP transfer processing I ucp tag _recv_nbx | UCP transfer processing [149.477 ms] ] [ ucp_tag recv_nbx | UCP transfer processing [162.280 ms] [ucp_tag_re..'
Start & End ‘ :
( ucp_tag send _nbx | UCP transfer processing [262.277 ms] ] [

» Categories

Run 3 lterations [1.557 s]
lteration 0 [694.442 ms] | Iteration 1 [

NVTX

CUDA API

Profiler overhead
[21348] async

8 threads hidden... —_

icp_tag_recv_nbx | UCP transfer processing I ucp tag recv_nbx | UCP transfer processing [149.477 ms]J
» UCX [

[ ucp tag_recv_nbx | UCP transfer processing [162.280 ms] Iucp_tag_re..'

ucp_tag_send_nbx | UCP transfer processing [262.277 ms] ] [

<ANVIDIA. I



NVIDIA Quantum-2 Switch Sampling
Send, Receive, Congestion, & Now Per-Port Sampling

» NIC 2 (mlx5_2 - NVIDIA ConnectX-

» NIC 5 (mlix5_5 - NVIDIA ConnectX-
« |B Switch 0x900a840300b4d0c0
» Port 57

» Port 58
» Port 61

» Port 62
« |B Switch 0x900a840300b4d100
» Port 57

» Port 58
« |B Switch 0x900a840300b4d8c0
» Port 57

» Port 58

» Port 61
« |B Switch 0x900a840300b4dd00
» Port1

Port 2

»
Port 17 i

] Egress port congestion
» Port 57 Source Lid: 1

Source QP: 8323072

» Port 58 Destination Lid: 10
Destination QP: 123

» Port 61

v |B Switch dt-ib-compute-leaf-1
» port 1/1/1

v port1/1/2

|B: Bytes received

Egress port congestion
InfiniBand switch: dt-ib-compute-leaf-1

IB: Bytes sent
Switch ingress port: 1/29/1

Switch egress port: 1/1/2

Source node: dt-ufm-appliance mix5_0

Source QP: 9297920

Destination node: dt-ib-node-2 HCA-3
I Destination QP: 281

IB: Avg. received packet size

IB: Avg. sent packet size
» port 1/9/1

» port 1/29/1

<ANVIDIA. I



Communications Trace - LIBC, UCX, MPI, NCCL, & NVSHMEM

APIls, Destinations, Sizes, Async Completion, & Related GPU Events

v vV [174635] MPIRank 0 ~

MPI MPI_Isend [7,319 ps] | MPI_Irecv [7,585 ps] MPI_Waitall [11,493 ps]
|ucp_tag_send_nbx | UCP tr... | |ucp_tag_recv_nbx | UCP transf... | lucp_rkey_...|
v UCX | ' ’ | : ‘
ucp_tag_send_nbx
Begins: 0,177984s ucp_tag_send_nbx | UCP transfer processing [21,183 ps]
Start & End Ends: 0,177988s (+3,990 ps) | ucp_tag_recv_nbx | UCP transfer processing [14,243 ps]

. | Thread: 174635

Frofier overnead CB(QgOFYIdI 2

threads hidden. . e o Category: UCP transfer submit

= Timeline View v Qiix (® 23 messages

1s » | +521,52ms +521,54ms +521,56ms +521,58ms =P 15 521,6087ms BEEUE +521,64ms +521,66ms +521,68ms +521,7ms +521,72ms +521,74ms w:

v [19621] NVSHMEM PEO

| ncclAllReduce [26,3...

| nvshmem_malloc [36,690 ps] | |nvshmemx_int_sum_r... | | nvshmem_free [91,979 ps]

|_n_| Invshmem_quiet [

1 cuSt....l n_cuStre,,_ | AccL

| | cuStreamsy... ‘l u cuStrea... |

CUDA API

. ~

er overnead

v CUDA HW (0000:06:00.0-1

» [All Streams] I '
» 79.5% Default stream 7 ,
ncclKernel AllReduce RING LL Sum int32 t
733c>  19.8% Stream 22 I Begins: 1,52161s
Ends: 1,52165s (+41,504 ps)
v . )
grid: <<<1,1, 1>>>
Events View v block: <<<64, 1, 1>>>
Launch Type: Regular
Static Sbared Memory: 41.472 bytes Name S
Dynamic Shared Memory: 0 bytes
= v Name Registers Per Thread: 96 TID | Description:
, Local Memory Per Thread: 0 bytes :
l 730 I nvshmemx_int_sum_reduce_on_stream Local M emory Total: 251.658.240 bytes 19621 nvshmemx_int_ sum _reduce on _stream
[T] 731 * [] ncclAlReduce Shared Memory executed: 98.304 bytes 19621 Begins: 1,52158s
_ Shared Memory Bank Size: 4 B Ends: 1,52161s (+28,855 pis)
732 cudaStreamlIsCapturing Launched from thread: 19621 19621 Thread: 19621
733 cudaStreamWaitEvent Latency: <-10,563 pis 19621
. Correlation ID: 4189
734 nCC|Kerne|_A"RedUCQ_RING_LL_Sum_Int32_t Stream: Stream 20 19621

Description:

MPI Bcast

Begins: 0,164935s

Ends: 0,165045s (+109,210 ps)
Thread: 1342434

Bytes sent: O

Bytes received: 4
Root: O
MPI_COMM_WORLD

<ANVIDIA. I



Advanced NCCL Tracing

Use -t nccl option

- CUDA HW (0000:01:00.0 - NVIDIA

[All Streams]

81.2% Stream 14

18.4% Default stream 7

NCCL

2 streams hidden._. —

VY I V|9V VY

- CUDA HW (0000:02:00.0 - NVIDIA

[All Streams]
93.8% Stream 23
6.0% Default stream 16
NCCL
perftest [1]

2 streams hidden... —

~ Threads (12)
« [71561] broadcast_perf

{|v | v |V

» NCCL

NVTX

» CUDA API

Profiler overhead o

~ [71656] NCCL Init 1
. - NGCCL

» CUDA API

Profiler overhead o

- [71655] NCCL Init O
» NCCL

» CUDA AFPI

Profiler overhead c"
9 threads hidden..

Kermel
Memory

Kermel
Memory

Broadcast | perftest [65.345

Broadcast | perftest [111.

Broadcast | perftest [111.33C

| Categoryld: 1

1 Broadcast

| Apild: 8,703,028,200,033,646,635

Hs]

k

| Broadcast

Begins: 9.86523s

Ends: 9.86529s (+65.345 us)
Rangeld: 39

Thread: 71829

Category: perftest
1,761,751,046,231,797,760
1.761,751,046,231,863,104

Channelld: O
| Grouplid: 2,000,011

Rank: O

APl Group | perftest [88.736 us]

| SegqNumber: 10

B EEsassseeEs |

GrouplLaunch | perftest [S6.609 us]

Grou.__|

[Gr..|

| Datatype: ncclint8

| Function: Broadcast
| Count: 1,024
Root: O

NChannels: 1
NWarps: 3
| Algorithm: RING
| Protocol: LL
Comm
Name: perftest
Hash: 8,703,028,200,033,646,625
NumiNodes: 1
NumRanks: 2
Rank: O

AP| Group | perftest [88.736 us]

f] [APl Group | perftest [68.0__

ED EEadssstipany) |

GrouplLaunch | perftest [S6.609 us]

Grou._.

()

B @ (Grouplau p, I




Lustre performance counters

Display Lustre performance counters & operations count

¥ Mounts
v dtdata (Lustre)

v App
Read

Write
v QOperations

read_bytes
write_bytes

close
fsync

getattr

31.5 MB

31.5 MB

T Ops

1 Ops

1 Ops

00
20

DS

DS

0.8s

1.2s
Showing 66 of -

Showing 66 of 1

1.4s

31 storage driver operations

31 storage driver operations

<ANVIDIA. I



NFS performance counters

Display NFS performance counters & operations count

~ Mounts Showing 4
v _home (NFS)
v App
31.5 MB
Read l 1
0
| 31.5MB
Write
0
v Driver
590 kB
M bl bl ionl Kokihdiambluihl

0
, 2.98 MB
Write 0

» Operations

v QOperations

1 Ops V
4 Ll bt

: 1 Ops
write_bytes "
close
0 .
fsync 0to 1 Ops

2 Ops ‘
o | SEREEEE

1T Nne <ANVIDIA. I



GPFS performance counters

Display GPFS client volumes performance counters

= Timeline View v @ Options...

+ Mounts
» gpfs0O (GPFS)

Read Throughput ;

1.34 MB

0

990 ps

0

16.6 GB/s
04l
8.39 MB | |
0 -.".[ [

12.6 ms

.
B
.
o
a b g

Average Read Size

Average Read Latency

Write Throughput

Average Write Size

Average Write Latency

<ANVIDIA. I



Local disks & NVMe-oF

Display local disks and NVMe-oF performance counters

1s »

+1/5ms +180ms

v Mounts
v mdO (RAID)

Read

Write

» md1 (RAID)
v nvmeOn1 (Physical Device |0)

Read

Write

» nvmeOn1p1 (partition)

» nvmeOn1p2 (partition)
» nvmeln1 (Physical Device |0)
» nvme2n1 (Physical Device |0)

0B
°2.12 MB

0B
2.70 MB

i
B =

<A NVIDIA. I



S3 Trace + Counters

Trace common S3 communication libraries

Display S3 throughput counters

v S3

Avg Download Size
Avg Upload Size
Download Throughput

Upload Throughput

» Threads (21)
«~ [728338] python

S3

39B

0
102 kB

0
9.16 kB/s

0
15.8 MB/s

0

client..|client..] .| | |client downloa.. [client downloa..| . [ ]]cl..| client.. [/§bucket.
client... |client... | client. downloa...| client. downloa.. | ..

ucke... | bucket.downlo... | bucket.downlo... | b

-1y 15 (34 M1 Q L 9
1sasmT FaliTata

‘. . . 1) ) i : - A i : ) r

B | A

<ANVIDIA. I
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NVTX and the Plugin System




NVIDIA Tools Extensions (NVTX)

Decorate application source code with annotations (markers, ranges, nested ranges, ...)
Help visualize execution with debugging, tracing and profiling tools

Header-only library: https://github.com/NVIDIA/NVTX/tree/release-v3/ g

v ML_LIB

°
1 d t 3 T l E t h startendRangeWithCategory | forward [600.039 ps] StartEndRangerﬂ!Category ]backward[
1 n C u e < n V X / n V O O S X ° > startEndRangeWithCategory | forward [548.730 ps] stanEﬁaﬁangeWiiﬁéétegpfj | backward [...

Start & End

startEndRangeWithCategory | forward [519.465 ] startndRangeWithCategory | backward [...
starttndRangeWithCategory | forward [518.175 ps] startEndRangeWithCategorylbackward [2

Marker: —

v forward [1]
startEndRangeWithCategory | forward [600.039 ps]

nvtxMark("This is a marker"); e e

Start & End :
startEndRangeWithCategory | forward [519.465 ps]

startEndRangeWithCategory | forward [518.175 ps]

Push-Pop range: s

Start & End

nvtxRangePush("This is a push/pop range");

// Do something interesting in the range P
nvtxRangePop(); S —————

NATAD
nestedRangelevel2 [583.168 ps]

nestedRangelevel3 [458.199 ps]

Start-End range:

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

nvtxRangeEnd(rangeld);

Advanced concepts like: colors, domain, category, registered strings, ...

APl references: https://nvidia.github.io/NVTX/doxygen/index.html and https://nvidia.github.io/NVTX/doxygen-cpp/index.html
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NVTX Extended Payloads & NVTX Counters

Increase the flexibility of NVTX annotations

- Pass arbitrary data to NVTX events and allow users to define the layout of this data without additional data conversion
- NVTX markers, push/pop ranges and start/end ranges with extended payload
NVTX Event ~ayloac
- NVTX counters Schema
A

- immediate and deferred counter samples attach describes
| | data layout
- Data layout of counter groups via extended payload schemas Schema ID
- User-defined scopes F5 63 01 00
32 79 06 00
0S w Ams , +23,6ms | +23,8ms | +24ms | 2 24226ms | +24Ams “k binary data
~ Threads (6)
~ [044641]
Nelwork Activity [~ = NVTX t
or ivity = I - counters
~ Simulib
Start here
: . {MarkPointinTime
| . Al A e e L ) | Time: 0,0242256s
NVTX | | nestedRangeLevel1 [707,033 ps] | Thread: 944641
Additional Data
ange 7,711 |
[ e o ] Sequence: [1; 2; 3; 5; 8; 13]
' nestedRangelLevel3 [23...| read [MB]: 213 - Extended payload
write [MB]: 455
Profiler overhe ,* Message: You're awesome!
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NVTX Writer API

Allows third-party app to use an NVTX-like APl to export event data as Nsight Systems report file

Supports extended payloads, so app-specific C-style struct data can be included in events as binary blobs

typedef struct schema[] =
{ {
uint64_t time_start; {TIMESTAMP | RANGE_BEGIN, TYPE_UINT64, "Time Start"},
uinté4_t time_end; {TIMESTAMP | RANGE_END, TYPE_UINT64, "Time End"},
uint32_t task_id; 10, TYPE_UINT32, “Task ID"}, 1) Static data layout description™
uint32_t color: ) TYPE_NVTX_COLOR, "Color"}, N AS P
uint8_t priority: {0, TYPE_UINTS, "Priority") P
} event_data: s
schema_attr =
{..., "Event Data", ..., schema, ...};
uint64_t schemald = (stream, schema_attr); 2) Register the data layout

(once).

{100000000, 150000000, 43322, OxFFFF0000, 9};
payload = {schemald, &event, sizeof(event)};
(stream, &payload, 1);

event_data event .
3) Write payload to output

stream

* macro names have been shortened to fit on the slide.
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Nsight Systems Plugins

amp | ‘
sample finiband non ‘
|
|

10)

» Take your process to collect data and add NVTX to provide data to Nsight Systems
» Add that process into the Nsight Systems plugin directory
» Write a plugin manifest file

* Now you can call your collection process directly from the Nsight Systems CLI

» --enable name,flag1,arg2=val1,arg3=val2,...,valN
* Flags and arguments are passed to your process when started

https://nvidia.github.io/NsightSystemsPlugins/
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Use Case: Amazon AWS Elastic Fabric Adapter(EFA)
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CTTTEEEEE N = - =

rdma_write_bytes E B §
| rdma_write_recv_bytes x ;
i rdmap97s0:1 i i
; rdma_read_bytes i ﬂ § .
| rdma_read_resp_bytes D8 §
rdma_write_bytes E . ; |
rdma_write_recv_bytes s §
’ rdmap99s0:1 pS
' rdma_read_bytes ps §

rdma_write_bytes &
' rdma_write_recv_bytes pis §
' GPU (0000:¢a:00.0 - NVIDIA H1 X
 GPU Metrics [10 k2] X | memor B :
SMs Active X ot00% | _ [ - ) N | | W Ty PRI y X B i =, il i ,
SM Instructions X 0100% ; = - L e O = S Wi IS RS B . [ e e el | E__g
|oma sanauiat ¥ oo e e e e e e e e e e e e e o
" NVLink RX Bandwidth X 0100% _ _ _ _ _ | A _ | | ]
' NVLink TX Bandwidth B ool [N D D e e e e e e e e B B e = [ e ey
PCle Bandwidth X 0100% i F. T §
' [722190] python3 b4 |
| : . . :

CUDA HW (0000:53:00.0 - NVIC

1
1 = i!}fmx"ﬁ"" ?l | ‘
99.7% Kernels p:3 ) e

14
|
i ' .
e o b i, el Wl | 1 Mk, b k. i
- 40.5% ncclKernel_AlIReduce_RIt 4 F N —— - . - t. - - L
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Nsight Systems Al Preview



What Is the Nsight Systems Al Skill?

A capability pack for Al-assisted performance analysis

e Included with the Nsight Systems installation
e Agent-agnostic
e Connects Al agents to Nsight Systems knowledge, tools, and workflows

e Uses a central SKILL.md file to guide the agent

NOTE: This is a preview feature. Future release will extend these capabilities.
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What Can the Nsight Systems Al Skill Do?

0] 02 03 04

Discover the supported Launch specialized workflows
Run a trace on a target Inspect report data and Nsight Systems recipes and P

L. . . . . to identify stutter frames and
application. extract supporting evidence. run the appropriate recipe for o
the task. their likely causes.

Takeaway: The skill helps the agent select and run the appropriate capability or recipe for the current task.
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The Nsight Systems Skill saves time and tokens

The skill is architected with Progressive Discoverability

e Starts with the central SKILL.md file.
» Gradually discovers the method relevant to the requested task.
« Avoids loading the entire documentation set at once, preventing context bloat.

e Uses fewer context tokens, reduces inference cost, and minimizes execution
latency.

Key idea: The agent discovers capabilities step by step and loads only the information required for the task.

29 NVIDIA.



l‘ THANK YOU!

Download https://developer.nvidia.com/nsight-systems
NOTE: Website versions newer than CUDA Toolkit

Forums https://forums.developer.nvidia.com/c/developer-tools

Email nsight-systems(@nvidia.com

Documentation https://docs.nvidia.com/nsight-systems

e Self-paced course: Optimizing CUDA Machine Learning Codes With Nsight Profilinc
Tools
e Blog: Optimizing CUDA Memory Transfers with NVIDIA Nsight Systems

<ANVIDIA. I


https://developer.nvidia.com/nsight-systems
https://forums.developer.nvidia.com/c/developer-tools
mailto:nsight-systems@nvidia.com
https://docs.nvidia.com/nsight-systems
https://courses.nvidia.com/courses/course-v1:DLI+S-AC-03+V1/
https://courses.nvidia.com/courses/course-v1:DLI+S-AC-03+V1/
https://developer.nvidia.com/blog/optimizing-cuda-memory-transfers-with-nsight-systems/
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Nsight Systems Overview

System-wide application algorithm tuning
Locate optimization opportunities

« Visualize millions of events on a very fast GUI timeline
« See gaps of unused CPU and GPU time
Balance your workload across multiple CPUs and GPUs
« CPU algorithms, utilization, and thread state
« GPU streams, kernels, memory transfers, etc
« NICs and Switch counters and congestion control

Multi-platform: Linux & Windows, x86-64, ARM server
« Mac (host-only)

« Tegra - Linux & QNX
Advanced statistical analysis system
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Timeline Features

« APl Trace
« CUDA 10+ API & GPU workload ranges & mem transfers with correlation
« Libraries: cuBLAS, cuDNN, cuDF, TensorRT
« OpenACC, DirectML
« Direct3D12, DXR, Direct3D11, WDDM, Vulkan, OpenGL
« Communication APIs (MPI, etc)
« 0OS
« Thread state and CPU utilization
¢ (OS runtime trace
» ftrace or ETW ( page faults, signal, interrupts, ...)

« User Annotations APlIs
« NVTX, PIX, Vulkan debug markers, KHR_debug
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Other Key Features

Thread call-stack periodic sampling
« Backtraces via hardware LBRs or frame pointers
+ Hot functions

Command Line Interface (CLI) e — —= ‘
« No host PC required to record el LT T
« Works in containers & VMs P g ' .
« Scriptable / interactive mode TSE  me= ~ Manage Sessions

Lisl sessions: NSys sessions list
IFOl 3 session: NSYS COMVANE ~--SES5S10Nn NAME

« Multiple sessions '.{..".._-- e et SR Hava MR AR Y BN i
 Multiple reports per launch g ot Cntrat cpte conine o S md T
Analysis i | e
« Recipes, statistics, expert systems
« Data access: sqglite, arrow, parguet, json, ...
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GPU Metrics Sampling (Compute & Graphics)

Ex: Multi-Node Deep Learning Training
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Multi-Node / Multi-Report Analysis

Scale analysis to thousands of reports
On your workstation or across a cluster or cloud

Support
Multi-Node
Multi-Pass
Multi-Run
Multi-Tile

Provide library of customizable recipes
Multiple results presentations
Document and share results




Multi-Node Analysis Recipes Library

cuda_api_sum -- CUDA APl Summary gpu_metric_util_map -- GPU Metric Utilization Heatmap
cuda_api_sync -- CUDA Synchronization APIs gpu_time_util -- GPU Time Utilization
cuda_gpu_kern_pace -- CUDA GPU Kernel Pacing mpi_gpu_time_util_map -- MPIl and GPU Time Utilization Heatmap
cuda_gpu_kern_sum -- CUDA GPU Kernel Summary mpi_sum -- MPl| Summary

cuda_gpu_mem_size_sum -- CUDA GPU MemOps Summary (by Size) nccl_gpu_proj_sum -- NCCL GPU Projection Summary
cuda_gpu_mem_time_sum -- CUDA GPU MemOps Summary (by Time) ncel_sum -- NCCL Summary

cuda_gpu_time_util_map -- CUDA GPU Time Utilization Heatmap nvtx_gpu_proj_pace -- NVTX GPU Projection Pacing
cuda_memcpy_async -- CUDA Async Memcpy with Pageable Memory nvtx_gpu_proj_sum -- NVTX GPU Projection Summary
cuda_memcpy_sync -- CUDA Synchronous Memcpy nvtx_gpu_proj_trace -- NVTX GPU Projection Trace
cuda_memset_sync -- CUDA Synchronous Memset nvtx_pace -- NVTX Pacing

diff -- Statistics Diff nvtx_sum -- NVTX Range Summary

dx12_mem_ops -- DX12 Memory Operations osrt_sum -- OS Runtime Summary

gpu_gaps -- GPU Gaps

and growing...

38 NVIDIA



Connect Your Al Agent to Nsight Systems

Point your agent to the skill, then ask profiling questions in natural language.

* Find the installed skill: <nsight-systems-root>\ai-capabilities\SKILL.md

- Reference the configuration: For repeated use, reference SKILL.md from AG:
equivalent agent configuration file.

» Add this instruction: “For Nsight Systems tasks, follow
<nsight-systems-root>\ai-capabilities\SKILL.md"

= .md, or the

NTS .md, CLAUD!

* One-time use: For one-time use, include the SKILL.md path directly in your prompt.

« Guided discovery: SKILL.md guides the agent to the appropriate Nsight Systems documentation, analysis

tools, and recipes.
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