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Developer Tools Ecosystem

Debugsgers: cuda-gdb, Nsight Visual Studio Edition Nsight Visua
Studio Code Edition

View Project Build Debug Team Nsight Tools
-
matrixMul.exe Thresd: [1] CUDA Thread

~ Disassembly & X

%] matradMul (Global Scope) o e M ulCUDA<int=32

int bStep = BLOCK_SIZE *

Profilers: Nsight Systems, Nsight Compute, CUPTI, NVIDIA Tools eXtension (NVTX)
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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

========= Invalid __ global _ write of size 4 bytes
at ©x60 in memcheck_demo.cu:6:unaligned_kernel(void)
by thread (0,0,8) in block (0,0,0)
Address @x400100001 is misaligned

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

Debug - vectorAdd/src/vectorAdd.cu - Nsight
File Edit Source Refactor Navigate Search Project Run Window Help
(milk s FE - I AN

35 Debug £2 4 BertehA.cu X P
¥ M vectorAdd {0} [device: gk110 (0)] (Breakpoint)
> & CUDA Thread (0,0,0) Block (0,0,0)

matrixMul.cu - matrixMul - Visual Studio Code

# CUD d (1,0,0) Bloc
¥ &l All CUDA Threads
¥ i Block (0,0,0) [sm: 11]
» @& CUDA Thread (0,0,0) [warp: 0 lane: 0] (veq

vectorAdd.cu %

5. WELLUTAUUILUNSL ival “A, LUNSL fivat -

34 int i = blockDim.x * blockIdx.x + tij
35

36 if (i < numElements)

37 {

38 C[i] = A[i] + BIi];

39 }

40 }




Programming the NVIDIA Platform

CPU, GPU, and Network

ACCELERATED STANDARD LANGUAGES INCREMENTAL PORTABLE OPTIMIZATION PLATFORM SPECIALIZATION
ISO C++, ISO Fortran OpenACC, OpenMP CUDA
std::transform(par, x, x+n, y, y, GPTERIE CEE CERE) SRR __global

[=] (float x, float y){ return y +
a*x; }

)5

do concurrent (i = 1:n)
y(i) = y(i) + a*x(i)
enddo

import cunumeric as np

std::transform(par, x, x+n, y, Yy,
[=] (float x, float y) {
return y + a*x;

1)s

}

#pragma omp target data map(x,y) {
;ié::transform(par, X, X+n, Y, Y,

[=] (float x, float y) {
return y + a*x;

void saxpy(int n, float a,
float *x, float *y) {
int i = blockIdx.x*blockDim.x +
threadIdx.x;
if (1 < n) y[i] += a*x[i];
}

int main(void) {

cudaMemcpy(d x, x, ...);
cudaMemcpy(d vy, y, ...);

saxpy<<< (N+255) /256,256>>>(...);

def saxpy(a, x, y): s
y[:] += a*x } cudaMemcpy(y, d y, ...);
ACCELERATION LIBRARIES
Core Math Communication Data Analytics Al Quantum

<“ANVIDIA.



NVIDIA HPC SDK

Available at developer.nvidia.com/hpc-sdk, on NGC, via Spack, and in the Cloud

DEVELOPMENT ANALYSIS

Standard C++ & Fortran

OpenACC & OpenMP

b

nvfortran

libcu++

Thrust

CuBLAS cUTENSOR
CUSPARSE cuSOLVER

Programming Combilers Core Math Communication
Models P Libraries Libraries Libraries

HPC-X
MPI
ucx SHMEM

SHARP HCOLL

NVSHMEM
NCCL

cuda-gdb

Systems

Compute

Device

Develop for the NVIDIA Platform: GPU, CPU and Interconnect
Libraries | Accelerated C++ and Fortran | Directives | CUDA
7-8 Releases Per Year | Freely Available

<“ANVIDIA.



NSIGHT Profilers Workflow

Start here

¥
~  Nsight Systems

Comprehensive system-level performance

Re-check overall
performance

Re-check overall
performance

Dive into graphics
frames

Dive into top CUDA kernels
by using metrics/counter
collection

¥
' Nsight Compute Nsight Graphics

Detailed CUDA kernel performance Detailed frame/render performance

5 <A NVIDIA.
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Nsight Systems

System Profiler

Key Features:

= System-wide application algorithm tuning

= Multi-process tree support

* Locate optimization opportunities

= Visualize millions of events on a very fast GUI timeline e AL il Ll L A—

= Identify gaps of unused CPU and GPU time e - :"m;__:_; e
= Balance your workload across multiple CPUs and GPUs v T —

= CPU algorithms, utilization and thread state R Jo— '

GPU streams, kernels, memory transfers, etc el — —— = = = ___,___________ —_—

= Command Line, Standalone, IDE Integration Lo — — | ——_ —
u

OS: Linux (x86, ARM Server, Tegra), Windows, macOS X (host)

GPUs: Pascal+

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



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

File View Tools Help
Jetson TensorRT CPU-GPU-DLA-PVA.qdrep (AllSamples GPUApollo_DLAOSurround_DLA1Apollo_PVAOSparselK) X deepstream +tensorRT.qdrep (r t24.qdrep,
= Timeline View v
, 1859943ms |
» CPU(8)

¥ Other accelerators trace
Y DLAO
task_fence

DLAT o Task[Mo  Task[1l.  Task[1l.. Task[1.. Task[1l.. Task[1l.. Task[1l.. Task[11.. Task[11..  Task[1l.. Task[11.. Task[11.. Task[11..  Task[11.. Task[11..  Task[11.. Task[11..  Task[11.. Task[1l.. Task{1l..  Task[11l.. Task[11..

Processes and PVAD Begins: 18.9923s

Ends: 19.0041s (+11.748 ms)
threads “rocesses (87) task _begin

class_id: f4
¥ ® [5099] infer_perf — — task end - _ R
» CUDA HW (0000:00:00.0 - Xavi" , SERNAR S A4ANEEAd AJALEES L/ EER ARL AN EEER . id: 14 B L ANLARL SN BRI SEE AL SN NAR NN Ai BN A NN 1. 11 mada T

Submitted from PID: 5101 TID: 5101

¥ Threads (13) Latency: ~340.640 us

v V. [5099] infer_perf « — & - asam = =

Thread state Vi
I | R | S (S | (e | e | TR ||| (RS | | | || | C | |

Other accelerators API

V' [5124] infer_perf =

fepsaty @Eieliee ck_4a_conv.s a 3 [ conv2d_cov (CUDA Conw.. c..[bl..[ block_1a...block_ta...[blo.. [}

NVTX rimary_gie_classifier_Infer(Batc... tra... primary_gie_classifier_Infer(Batch=29) uid=1_ctx=0x3886bcc0 [20.987 ms] trac... primary_gie_classifier Infer(Batch=30) uid=1_ctx=0x3886bcc0 [20.884 ms]

DNN and cuBLAS CUDA API L cudaMemepyAsyne LT[ [T el cudaBindTexture Ji. Jlimplicit... fimplicit conv...| cuda. [l cudaMemepyAsyne . ] ] ‘ lcodain. [l OO cudaMemcpyAsyne
cu anc cu cubDNN LI el convolutionforward  [[Convolut..]| _ Convolutionforward ] - Jconvot.] convoler. J[co-. JTH

trace cuBLAS cudnnConvolutionForward
) Begins: 3.60253s
Ends: 3.6083s (+5.768 ms)

[5100] infer_perf
» CUDA HW (0000:00:00.0 - Xavi -
¥ Threads (13)

= om m om = 2 I ) g8 oo = s B B m = —
¥ V. [5100] infer_perf * = z - - 3 ] - . . i . -
—" | — n-nl—M- — —. - — _ — —_—ﬂ-m‘.‘-“—. e am e . o -

Kernel and memory CUDA API ﬂil | G G | ||-|| |\ﬂ1| @H L <] vBh i .4@»@@(..».\3\. 1 O N O 0, O, O8O, O |, |ﬂ\|llﬂ”| ) 0‘
transfer activities Other accelerators API S U T T O O T O O O SO O Y TR U A S A T U NN NN T T TR S N AR U A SR T T S R S|

V| [5120] cuda-EvtHandlr

V' [5143] infer_perf »

[5101] infer_perf
CUDA HW (0000:00:00.0 - Xavi
» [All Streams]
» 99.3% Stream 38
» 0.6% Default stream 7
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Reading Utilization

CUDA (Graphics Device, 0001:01:00.0) e I I ™

e Zoom in to valleys to find gaps!

NVIDIA.



Zoom/Filter to Exact Areas of Interest

jacobi0 X

= Timeline View

NICO

NIC 1 1N S, = .‘__Lu T PR J-__LJ. sk & e B e ___-l___i_i.l_‘_ R . . bk s b e LD i
NIC 2 b .. l_i__-L_l _4_1_1-.;_.|_1-_-_J.|_.-J ‘__L._..j._nj.._i_.__-l.___g_h_l__._a_._a_l._.- li s am L sl
NIC 3 T R S JLJ Y _.I_‘s_-.__-_;__lj_.-_‘ I I R SR I S T

CPU (96)

Threads (10)

ke RN D NSNS i

* [V [2075] MPIRank 0 -

MPI
FoUCK

NVTX m . Filter and Reorder Shift+F

CuDA API ~ | cudatiostaioc . T

I|II. Zoom into Selection

Filter and Zoom in

V! [2100] jacobi -

F UCK

¥ CUDA HW (0000:03:00.0 - NVIDIA 4

jacobi0 X

= Timeline View Q x

T ] (L R R T RN R R RN R R R N TR RN TR R T TR T TN T L [ 0] T1 T (LN RN N R R R
MPI MPI_Sendrecv [19.045 ms]

= |v/| [2075] MPI Rank 0 =

uc... uc... uc...
FoUCK

Jacobi solve [31.198 ms] Jacobi solve [21.492 ms]

NVTX

CUDA AP gato. L[ [ cudattostaioc Wl T e Jlu Jeu Jeu e Jeu Jeu.. .. ([ 1 AT

V| [2100] jacobi =




Grace Host Profiling

Hardware Counters and Metrics

= Timeline View * @ Options...

e CPU Core and Uncore Events

Sampled for each CPU

Visualize parallelism effects

Cache hit/miss, instructions retired, etc...

L3 Coherency Fabric

Socket to socket traffic
» Variable sampling frequencies supported

e Timeline correlated with all other data

e GPU vs. CPU idle times and metrics

e Data movement

over_leal «

e Zoom and filter

10 ANVIDIA.



Grace Host Profiling

Cache Access Pattern Example

= Timeline View ~ @ Options...

100% I
0 P
CPU 27 0-100%
L1 Data Cac iss Rate.meir
e Mi
che Read Miss Rate.metr
« Cache

L1D_CACHE

L1D_CACHE_REFILL

L1D_CACHE_REFILL
Time: 0.616109s
L2D_CACHE_REFILL Rate: 606.892 cache refill/ps

LL CACHE_MISS_RD

INST_RETIRED

Improving access pattern and implementing cache blocking

= Timeline View ~ | @ Options...

- 110.7ms
100%
0
0-100%

+ CPU (288)
~ mMCPU13
L1 Data Cache Miss Rate.metr
L2 Cache Miss Rate.metric

e Read Miss Rate.metr

L1D_CACHE_REFILL
Time: 0.108211s

Rate: 9.46466 cache refill/us

LL_CACHE_MISS_RD <A NVIDIA.
INST_RETIRED




JupyterLab Integration Updates

EXtenSIOn tojupyterLab File Edit View Run Kemel Tabs NVIDIA Nsight Settings Help

Numba_054_CUDA _Release |®@ | +
B + XTO B0 » m & » Markdown v Notebook [T &  Python 3 (ipykemel) O

[
o o] o5 F R

Profile individual Jupyter cells | Numba 0.54 CUDA Release Demo

Key changes to the CUDA target for Release (.54 demonstrated in this notebook:

Text_bas ed res u ItS Ca n be Vi ewed d irectly i n J u pyter * Wamnings for behavior that may have a negative impact on performance (Michael Collison):

= Kernel launches using grids that are too small to make effective use of the device
® Implicit copies that force a costly synchromization when launching a kernel
* Support for implementing warp-aggregated atomics (Graham Markall):

® The functions activemask() and lanemask_1t() are now supported

La U n C h n eW re m Ote G U I St re a mi ng Contal ne r d |rect|y N = cuda.ffs now gives correct answers (its behavior mirrors that of _ ffs(}) in CUDA C.
* Tuples can now be passed to CUDA ufuncs (Graham Markall).
JupyterLab . niowbe passedio CUBA m Mariald. _ _ i
elaxed strides checking is now used to compute contiguity of arrays, enabling some new use cases (Graham Markall).

Other key changes, not demonstrated in this notebook, include:

Servers without X, Windowing Manager, ...

* Debugging improvements (Graham Markall):
= cuda-gdb can now find the source location at the beginning of a kernel (e.g. when breaking on the first instruction of kernels
i i ith set cuda break_on_launch applicati
Container with X, WM, & WebRTC server with [ N IS )
= Breakpoints can now be set on mangled names of kernels.
* Per-Thread Default Stream support (Graham Markall)

DOC ke rﬁ Ie i ns ide NS ig ht System S I n Sta ”er * Support for adding lineinfo to CUDA kemels so that NSight Compute can display profile information for each source line of CUDA

Loarmale (KA o

Simplec. 0 E1 {€ Python 3 (ipykemel) | idle Mode: Command &  Ln 1, Col 1 Numba_054_CUDA_Release_Demo.ipynb 0 Q

See it in action:

: Profilers, Python, and Performance:
Nsight Tools for Optimizing Modern CUDA
Workloads

12 FAnvIDIA.


https://www.nvidia.com/gtc/session-catalog/?tab.allsessions=1700692987788001F1cG

Python Profiling Updates

. Python Call Stacks Samples and CUDA API Backtrace

J Identify where you are and how you got there

. Global Interpreter Lock (GIL) trace

J Common performance limiter in Python

J See annotated code ranges built into in popular frameworks and libraries such as:

J RAPIDS, Spark, CV-CUDA, and more...

45~ 5 +320ms +330ms +340ms +350ms +360ms +370ms +380ms +390ms +400ms +410ms +420ms +430ms +440ms +450ms
~ Threads (10)
- [24308]
GIL Trace Waiting for GIL [43 103 ms] - |E|‘

Profiler overnead

- [11136]
GIL Trace Waiting for GIL (47.520 ms] ([ FSERGCIHGUISRS] Waiting for GIL [36.594 ms] (RGN aiing for oiL (16141 . (e O RS eI " =iting for GIL [16.03.
Profiler overnead
- [19132]
GIL Trace » Waiting for GIL [32.147 ms] (Houding GILT )
Profiler overhead
- [31732]
GIL Trace :_ \Waiting for GIL [25.735 ms] —W
Profiler overhead
- [22104]
GIL Trace

S

Timeline
range for
a CUDA
API call

C/IC++
frames

Python
frames

{Begins: 120.838s

/| Python] conv.pyl_conv_forward, 459

.| [Python] main.pyl<module>, 146

Call to computeOffsetsKernel
« Kernel launcher

Ends: 120.838s (+14.568 us)

Return value: 0

GPU: 0000:01:00.0 - NVIDIA GeForce GTX 1080
Stream: 7

Latency: 13.379 ps—

Correlation ID: 1318684

Call stack at 120 8385

Ilbcuda $0. 535 54. 03’0x7f3f39c45206

libeudnn_cnn_infer so.810x7f3e15a11d58 -
libcudnn_cnn_infer.so.8lcask_cudnn: ImplicitG > initDevi )
libcudnn_cnn_infer.so.8lcudnn:cnn:infer::inferNdSubEngine<.. > execute_internal_fprop_impl( )I
libcudnn_cnn_infer.so.8lcudnn cnn:infer. InferNdSubEngine< . > execute_internal_impl( )
libcudnn_cnn_infer.so.8lcudnn::cnn::Enginelnterface ‘execute(... ) L

libcudnn_cnn_infer.so.8lcudnn cnn: EngineContainer< > execute_internal_impl( )
libcudnn_cnn_infer.so.8lcudnn:.cnn::Enginelnterface: ‘execute(...)

libcudnn_cnn_infer.so.8lcudnn::cnn::AutoT xecutor ‘execute_pipelil ) const
libcudnn_cnn_infer.so.8lcudnn:.cnn::BatchPartitionExecutor: .operator()(...) const
libcudnn_cnn_infer.so.8lcudnn::cnn ngine<.. > _internal_impl( )

libcudnn_cnn_infer.so.8lcudnn::cnn::Enginelnterface: .execute(...)
libcudnn_cnn_infer.so.8lcudnn: backend :execute(...)
libcudnn_cnn_infer.so.8lcudnnBackendExecute

libtorch_cuda solat native run_conv_plan(. )

libtorch_cuda. solat native: run_single_conv(...)

libtorch_cuda solat native: raw_cudnn_convolution_forward_out( . )
libtorch_cuda.solat native. cudnn_convolution_forward(...)
libtorch_cuda solat native:.cudnn_convolution(_.)
libtorch_cuda.solat () (..) wrapper_CUDA__cudnn_convolution(..)
libtorch_cuda.solc10::impl::wrap_kemel_functor_unboxed_<_>call(_..)
libtorch_cpu.solat:_ops:.cudnn_convolution: call(...)
libtorch_cpu.solat: native:._convolution(...)

libtorch_cpu.solat (. ):(. ) wrapper_Composif i i )
libtorch_cpu.solc10:impl::wrap_kernel_functor_unboxed_<...> ull( )
libtorch_cpu.solat_ops:._convolution::call(..)

libtorch_cpu.solat native::convolution(...)

libtorch_cpu.solat:(..):(..) wrapper_C i d. )
libtorch_cpu.solc10:impl::wrap_kernel_functor_unboxed_<...> call( )
libtorch_cpu.solat _ops: convolution: redispatch(.. )
libtorch_cpu.soltorch:-autograd::VariableType: (...)..convolution(...)
libtorch_cpu.solc10::impl::wrap_kernel_functor_unboxed_<.. >call(...)
libtorch_cpu.solat::_ops::convolution: call{_..)

libtorch_cpu.solat native: .conv2d(. )
libtorch_cpu.solc10:impl::wrap_kernel_functor_unboxed_<...>call(...)
libtorch_cpu.solat:_ops:.conv2d:call(...)
libtorch_python.soltorch: autograd  THPVariable_conv2d(...)

[Python] conv.pylforward, 463
[Python] module.pyl_call_impl, 1501
[Python] main.pylforward, 24
[Python] module.py!_call_impl, 1501
[Python] main.pyltrain, 42

[Python] main.pylmain, 136

libc.so.61__libc_start_call_main
libc.so.61__libc_start_main@@GLIBC_2
python3.10_start

13 <A NVIDIA.



Cluster and Recipe Framework Improvements

* Nsight Systems enhanced support for Kubernetes

* Nsight Systems analysis framework:
* User programmable and predefined recipes to:
* Process and analyze complex and large reports or collection of reports
* Understand how compute cold-spots relate to communications

* Generate multi-node heatmaps to show :

¢ InfiniBand congestion
¢ InfiniBand, Ethernet, and NVLink throughputs
e Overlapped compute and networking

= Timeline View ¥ | ® Options...
¥ IB Switch 0x900a840300b4dd00
» Port1

» Port2

Port 17

Port 57

Port 58

Port 61 14 EANVIDIA.

Port 62



NVIDIA Tools eXtension (NVTX)

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

Header-only library https://github.com/NVIDIA/NVTX/tree/release-v3/c.
#include <nvtx3/nvToolsExt.h>

Marker:
nvtxMark ("This is a marker");

Push-Pop range
nvtxRangePush ("This is a push/pop range");
// Do something interesting in the range
nvtxRangePop (); // Pop must be on same thread as corresponding Push

Start-End range

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

* ML_LIB

hCategory |...
~ startEndRangeWithCategory... | startEndRa... startEndRangeWithCategor...| startEndRa...

~ Categories
~ forward [1]
startEndRangeWithCategory... startEndRangeWithCategory | ..
startEndRangeWithCategory ... startEndRangeWithCategor...
Start & End .

startEndRangeWithCategory startEndRangeWithCateg...
startEndRangeWithCategory startEndRangeWithCateg,

siarinda

_mnindka... _stanfndRa...
Start & End

startEndRa... startEndRan...

* SIMULIB startEndRangeWithCategory
Begins: 0.0787725s

Ends: 0.0790381s (+265.545 ps)
pushPopRangeDefaultDomainAndColor [8... Rangeld: 18

nestedRangelevell [624.646 us] nestedRangel evel1 [707.909 ps] Thread: 578243
nestedRangel evel2 (499, nestedRangelevel? (583,168 Categoryld: 2
Category: backward
nestedRangel eve nestedRangeLevel3 [4

Start here

pushPopRangeDefaultDomainAndCol...

API| references https://nvidia.github.io/NVTX/doxygen/index.html and https://nvidia.github.io/NVTX/doxygen-cpp/index.html

15 ANVIDIA.


https://nam11.safelinks.protection.outlook.com/?url=https%3A%2F%2Fgithub.com%2FNVIDIA%2FNVTX%2Ftree%2Frelease-v3%2Fc&data=05%7C01%7CSDomine%40nvidia.com%7C1563b351285f4079390a08dad9efb648%7C43083d15727340c1b7db39efd9ccc17a%7C0%7C0%7C638061920841486230%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C3000%7C%7C%7C&sdata=FyT4rctoJFI3vn%2FCfEzkd2mYKYPSltoFy0Rwve2nBws%3D&reserved=0
https://nam11.safelinks.protection.outlook.com/?url=https%3A%2F%2Fnvidia.github.io%2FNVTX%2Fdoxygen%2Findex.html&data=05%7C01%7CSDomine%40nvidia.com%7C1563b351285f4079390a08dad9efb648%7C43083d15727340c1b7db39efd9ccc17a%7C0%7C0%7C638061920841486230%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C3000%7C%7C%7C&sdata=o8vnXRSi2D0NjJhmeJ6TqJ7og0YH4YQbQshY%2BFXCAMk%3D&reserved=0
https://nam11.safelinks.protection.outlook.com/?url=https%3A%2F%2Fnvidia.github.io%2FNVTX%2Fdoxygen-cpp%2Findex.html&data=05%7C01%7CSDomine%40nvidia.com%7C1563b351285f4079390a08dad9efb648%7C43083d15727340c1b7db39efd9ccc17a%7C0%7C0%7C638061920841486230%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C3000%7C%7C%7C&sdata=3xfFtuOljU5s5Nr1EVfbnph0HlxxPW6akQBcECtNz48%3D&reserved=0

Python and NVTX

* Annotate Pvthon code with NVTX . pip install nvtx - hitps://pypi.org/project/nvix/

# demo.py

import time
import nvtx

@nvtx.annotate(color="blue")
def my_function():
for i in range(5):
with nvtx.annotate("my_loop", color="red"):
time.sleep(i)

my_function()

Os 39.0371ms Bl +39.1ms +39.15ms +39.2ms +39.26ms +39.3ms +39.36ms

v CPU(12)

* Threads (3)

~ [v| [168193] python -~

0OS runtime libraries

main [368.402 ps]

wx .-
D CERD CEEDD CEEC OERC CERD O o

Profiler overhead = Begins: 0.0390374s
— Ends: 0.0390449s (+7.506 us)
2 threads hidden... = Thread: 168193

16 ANVIDIA.


https://pypi.org/project/nvtx/

GPU Metrics Sampling

r CPULE)
* GPU (0000:01:00.0 - Quadtro RTX 8C
v GPU Metrics [10 kHz) ——
GPC Clock Frequency

__
SYS Clock Frequency
carcne ==
» Compute In Flight
* Draw/Dispatch Start
SM Active
* SMinstructions
SM Issue

Tensor Active / FP16 Active

» DRAM Bandwidth

* PCle Bandwidth == s b=givn,
PCle RX Throughput SeeRvemen o sefooen oo o
PCle TX Throughput - “ —

PCle Read Requests to BAR1
PCle Wrte Requests to BAR

v Processes (4)
v (@ [256] python3
* CUDA HW (D000:01:00.0 - Ql&-

» [All Streams) )

b 352%Defauktstream? D)

b
.
!

Useful GPU utilization metrics, but no kernel names / correlation

18
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Interpreting GPU Sampling Metrics

GR Activity -> GPU is doing work
o SM, NVENC, NVDEC, Graphics

SM Activity -> Utilizing width of GPU

o If low, modify kernel grid dimension or increase batch size

SM Instruction Issued -> GPU is performing lots of instructions

o Stalled waiting on memory?
o Not enough warps to cover memory latency? Issue larger kernel block dimensions.

SM Instructions tensor activity -> Tensor core utilization
o Performance up, SM instructions can drop (depending on arch)
o Can be limited by shared memory, waiting for loads

Note: Requires disabling and DL built-in profilers

NVIDIA.



Application Profiles with Nsight Systems

$ nsys profile -o report -stats=true ./myapp.exe

Generated file: report.qdrep (or report.nsys-rep)
Open for viewing in the Nsight Systems Ul

When using MPI, recommended to use nsys after mpirun/srun:
$ mpirun -n 4 nsys profile ./myapp.exe

NVIDIA.



Profiling DL Models

Pytorch
o DNN Layer annotations are disabled by default
o ++ "with torch.autograd.profiler.emit_nvtx():”
o Manually with torch.cuda.nvtx.range_(push/pop)
o TensorRT backend is already annotated
Tensorflow
o Annotated by default with NVTX in NVIDIA TF containers
o TF_DISABLE_NVTX_RANGES=1 to disable for production

NVIDIA.



General Optimization Tips

Using tensor cores?
o) Minimize conversions/transposes

Increase grid and batch size to utilize GPUs width
Conventional parallelism — more worker threads!

Parallel pipelining
o No data dependency? Parallelize!
o) Prefetch next batch/iteration during computation

Can | reorder sooner?

NVIDIA.



General Optimization Tips

Fuse tiny kernels, copies, memsets.
o Check out CUDA Graphs

Overlap/oversubscribe with MPS

Multi-buffering

o Don’t make everyone wait on the same piece of memory
o) Double, triple buffer

Avoid moving data back to the CPU

o Pre-allocate and recycle!

Minimize managed memory page faults
o) Prefetch!

NVIDIA.



Expert Systems & Statistics

Built-in data analytics with advice

CUDA Async Memcpy with Pageable Memory

CUDA Synchronous Memcpy
File View Tools Hel
AR o | CUDA Synchronous Memset
1_0.qdrep.qdrep i i
= CUDA Synchronization APIs
= Timeline View v | | Qix LTI: )
- CUDA GPU Starvation
S i O e TS, S ORTE o OSEOS RS
CUDA AP x ) - O @ e ) (@) CUDA GPU Low Utilization
0S runtime libraries IRNPeAC cont wat VULKAN GPU Starvation
10 threads hidden... = < VULKAN GPU L Utillizati
ow Utiization
~ CUDAHW (0000:34:00.0- T e t 1 ' '
» Wisreams) ¥ 1 S| . | : i H
» 60.8% Default stream ™ ] | I l | ' I
10.79h 39.2% Stream 29  celAll| =
‘4 ,.
Expert System View ~ |
| @ Settings
CUDA Async Memcpy with Pageable Memory ~ | Duration - Start Src Kind Dst Kind Bytes PID Device ID Context ID Stream 1D APIName *
879, i P. 7547 1 7 M
The following APIs use PAGEABLE memory 2,048 ps _ 6,38792s Device ageable 88 5475 ‘ 0 cuda emcpy
which causes asynchronous CUDA memcpy 2,048 ps 6,8334s Device Pageable 4B 75475 0 1 7 cudaMemcpy
operations to block and be executed | — | | [ | | |
synchronously. This leads to low GPU 2,016 ps » 2,5394s Device Pageable 4B 75475 ‘ 0 1 ‘ 7 cudaMemcm
utilization. 2,016 us 3,90617s Device Pageable 488 75475 0 1 7 cudaMemcpy
Suggestion: If applicable, use PINNED l 2,016 ps , 4,25257s Device Pageable 4B 75475 0 1 7 cudaMemcpy
memory instead. ,l( 2,016 s 5,67617s Device Pageable | 488 75475 | 0 ] ‘ 7 | cudaMemcp
CLI command: 2,016 ps 5,9572s Device Pageable 8B 75475 0 1 7 cudaMemcpy
nsys analyze -r cuda-async-memcpy /mnt/data/ 2,016 ps 5,97088s Device pageable 4B 75475 0 1 7 cudaMemcpy
traces/qdrep/nccl/profile_circe- = . ! - -
n011_506451_0.sqlite | KB . | |
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* GPU Speed Of Light

High ompute and men
ompute and memo

Nsight Compute

Kernel Profiler

Key Features:

50.0 60.0
ight [%]

Interactive CUDA APl debugging and kernel profiling -
Built-in rules expertise — , i . o
46.16

_ s 25,165,824

Fully customizable data collection and display - o o et ol posk e scthe I 2 057,102
Command Line, Standalone, IDE Integration, Remote Targets e s slmaed [ w250
¥ 27,883,648
45.83

&6 .88

3.48

um [Mbyte] 4.19

mem al_op_red.sum [byte] [:]

OS: Linux (x86, Power, Tegra, Arm SBSA), Windows, macOS X (host only)

= —

GPUs: Volta+ x 58, w2, s, 12, P2, 16T - - —v
. . (= 13,349

Docs/product: https://developer.nvidia.com/nsight-compute 02



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

Targeted metric sections

Customizable data collection
and presentation

Built-in expertise for Guided
Analysis and optimization

Nsight Compute GUI Interface

Connection Debug Profie Tooks

Fle Window Heb
) Connect

&

old_2_fusion_on_softmax.nsight-cuprofreport *

Page: Detals > Procegs: Al Launch: 0 - 64291 - softmax_compute_kernel AddBaseine ~  Apply Rules
Current 64291 - softmax_compute_kernel (1966 28

Time: 15,65 usecond Cydes: 16,235 Regs: GPU: Tesla V100-SXM2-16GB  SM Frequency: 1.04 cyde/nsecond CC 7.0 Process: [544)

v GPU Speed Of Light £\

SOL Chart
Highdevel overview of the utikzation for compute and memory resources of the GPU. For each unit, the Speed Of Light (SOL) reports the achieved percentage of utiization with respect to the theoretical maximum
[X] 45,38 |

43.42

3.66

Copy as Image

[944) pythan3.5 @®

50.0

Speed Of Light [%)

Recommendations
A Bottleneck

cs” and *Warp State Statistics™ for potential reasons.
» Compute Workload Analysis

[Warning] This kernel exhibits low compute throughput and memory bandwidth utiization refative to the peak performance of this device. Achieved compute throughput and/or memory bandwidth below
60.0% of peak typically ndicate latency issues. Look at “Scheduler Statis

Detaded analysis of the compute resources of the streaming multiprocessors (S
performance.

M), iInduding the achieved instructions per dodk (IPC) and the utization of each avalable ppeline. Pipeiines with very high utikzation might imit the overall
Executed Ipc Elapsed [ ]

Executed Ipc Active [ins

Issued Ipc Actiw

61.39
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* Memory Workload Analysis Al

Detaded analysis of the memoary resources of the GPU, Memory can become a imiting factor for the overal kernel performance when fully utiizing the invoived hardware units (Mem Busy), exhausting the avalable communication
bandwidth between those units (Max Bandwidth), or by reaching the maximum Shroughput of issuing memory instructions (Mem Pipes Busy). Detaled chart of the memory units. Detaled tables wath data for each memory unit
Mesory Throughput [Gbyte/second) e8 | Mes Busy [X)

L1 Hit Rate [X] 75 | Max Bamdwidth [X]

Rote [X)

Visual memory analysis chart

43KReq

tem Memory

Sys

5.86 K Req 4
Unified Cache o

46.75 %

0.00 Req

Metrics for peak performance ratios

Shared Memory
Bank Conficts

Shared Load
Shared Store
Shared Atomc

iots

First-Level (Unified) Cache

SM->TEX Reque: % Peak TEX->12 Requests

L2->TEX Retuns

Globyl Load Cached
Global Load Uncached

1 arsd 1 and Farhad
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Instructions Executed

Source
DType,
_global__ (DType *in, OType *out, index_t M
Shape<ndim> sshape, Shape<ndim>
temperature) {
Xx_size = << x_bits;
__shared__ AType smem[x_size];
index_t sa = stride[axis];
index_t base = (blockIdx.x, sshape, stride);

index_t x = threadIdx.x;

(smem[x]);

(index_t i = x; 1 < M; 1 += x_size) {
smen[x] = (smem[x], negate ? -in[base + i*sa] in[base + i*sa
();

Suda Saducarncced: imaxipum, x_bits>(smem);

Source/PTX/SASS analysis and
correlation

(smenm[x]);
DType val;
(index_t i = X; 1 < M; 1 += x_size)
val = negate ? -in[base + i*sa]:in[base + i*sa];

smem[x] += <AType>( ((val - smax)

iisum, X bits>(smem):

<DType>(temperat

Sampiing Data (Not Issued)

Source
BSYNC B@
NOP
BAR,
ISETP.GT.AND
BSSY B1,
ISETP.GT.AND
ISETP.GT.AND
ISETP.GT.AND
U As, [
U as, [
[R1s#8x5],

FMNMX RS, RS,

,[ELM&I@H@EMMM

Total Sample Count: 111
Barner: 43 (38.7%)

Mio Throttle: 21 (18.9%)

Not Selected: 8 ( 7.2%)
Selected: 7 (6.3%)

Short Scoreboard: 16 (14.4%)
Wait: 16 (14.4%)

U
ISETP.GT.A
U

—

S OBl O B O

NOP

Sampling Data (All)

»

"

w
— —

»

o B.e © &

=

4
e
1
4
e
gl
e

(=)

b

Metric heatmap to quickly

identify hotspots

Instructions Executed

HaEk

ey

3

[H&IEE

29 ANVIDIA.

-




Kernel Profiles with Nsight Compute

$ ncu -R mykernel -o report ./myapp.exe

Generated file: report.ncu-rep
o  Open for viewing in the Nsight Compute Ul

(Without the —k option, Nsight Compute with profile everything and take a long time)

NVIDIA



View of side-by-side
assembly and correlated
source code for CUDA
kernels

Current

No profile required
Open .cubin files directly
Helps identify compiler

optimizations and
inefficiencies

Standalone Source Viewer

Launch: 0 d Baseline Apply Rules

Cycles Regs GPU
nd 1 NYIDIA GeFo

Instru

glohal

1]+ Kyl :

1]+ Kxl ( ) sd[
) Jxsd( C » 8] + Kyl

) J#sd[ ( ;811 + Kx[

SM Frequency

wiree: device tea_leaf_ppeg

CC Process

- Instruct

# Address

0BpaT7F72
BABATFT]
8088772
BEaE7 72
00pa7F72

0apa7f72

0800772

42fabach
42fabadd

42fabaed

BARATFTY 4

0896772
BE8E7 72

42fa6bon
42fabbll

0000772 4

0apa7F72

? 42fabb4n

08pa7F7L

08paTFT2
AARATFT?

42tabbad
42faéb6a
42Fabb70
£2FahhRA
42fa6b9a
42faéban
42Ffadbbb

2fabbed

4 fakhrf

ve update r -

THAD
IHAD
THAD
THAD .WIDE
TADD3
THAD .WIDE
THAD .WIDE
JE.¢%. CONSTANT.
THAD WIDE 2%,
JE.¢4. CONSTANT.
INAD.WIDE 722,
JE.64. CONSTANT.
IMAD.WIDE R12, RS,
LE. 44 CONSTANT
LCONSTANT.
.CONSTANT. §
. CONSTANT.
_CONSTANT
JE.¢4. CONSTANT.
INAD.WIDE 28,

NVIDIA.



Occupancy Calculator

Model hardware usage and identify limiters

NVIDIA Nsight Compute
Fle Connection Debug Profile Tools Window Help

oo « Model theoretical hardware
dh tost_7.neurop x Usage

Page: Details = Launch: 0- 141-me ae € - Y - AddBeseline - @ Occupancy Calculator Copy as Image ~

Launch Time Regs GPU
Current 141 - mergeSontSharedKemel (4095, 1 1 7.01 on 55  0-NVIDIA GeForce RTX 2080 T

 Understand limitations from
hardware vs. kernel
parameters

Occupancy Limtters  This kernal's thaometic ancy is not impactad by any block limit * Configure mOdel to Vary HW
Impact of Varying Register Count Per Thread and kernel pa ra metel’S

« Opened from an existing
report or as a new activity

egisters Per Thraad

Impact of Varying Block Size

&
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]
=1
a
s
LS

)

3}

(1=1e+12)

0.01
0.0001

Visualize multiple levels of the
memory hierarchy

Hierarchical Roofline

Floating Point Operations Roofline {Double Precision)

10 100 1,000
Arithmetic Intensity [FLOP/byle]

Sections/Rules Info
Sections/Rules v  dReload & Enable All () Disable All
Enter filter

Name

limitations

Determine how modifying algorithms
may (or may not) impact performance

GPU Speed Of Light Roofline Chart (1)

GPU Speed Of Light Hierarchical Roofline Chart (Doukle Precision)

GPU Speed Of Light Hierarchical Roofline Chart (Half Precision)
GPU Speed Of Light Hierarchical Roofline Chart (Single Precision)
GPU Speed Of Light Hierarchical Rocfline Chart (Tensor Core)

Compute Workload Analysis

10,000

Friority
10

-~

100,000

Description

High-level overview of the throughput for compu..

High-level overview of the utilization for comput...

High-level overview of the utilization for comp...

High-level overview of the utilization for comput...
High-level overview of the utilization for comput...

High-level overview of the utilization for comput...

Detailed analysis of the compute resources of t...
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Developer Tools

Debuggers: cuda-gdb, Nsight Visual Studio Edition

)

View Project Build Debug Team  Nsight
-
Process 0] matrixMul.exe e o

matrodMul.cu v Disassembly & X

5 Mul (Global Scope) C A MatroM

int bStep = BLOCK_SIZE * w8;

Profilers: Nsight Systems, Nsight Compute, CUPTI, NVIDIA Tools eXtension (NVTX)

s the achieved percentage of utization

= CLOA [Guaces GVED0
= LA Streama]

b P Kaerants

Performance [FLOP/s]
(1 =1,000,000,000)

1 10 10
Arithmetic Intensity [FLOP fbyte]

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

Invalid _ 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)
Address ©x400100001 is misaligned

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

Debug - vectorAdd/src/vectorAdd.cu - Nsight

File Edit Source Refactor Navigate Search Project Run Window Help

[mifllg W %0 @ w W O SN i B E %
%5 Debug 52 E 4 i# ¥ T O ®-Variables | % Breakpoints @ CUDA X " =\ Modules =a
¥ 9 vectorAdd {0} [device: gk110(0)] (Breakpoint) = 2B g -

» 2 CUDA Thread (0,0,0) Block (0,0,0) -
8= |[Qsearchcul e —
¥ (%) All CUDA Threads ¥ i (0,0,0) ismM11 [ 256 threads of 256 are runi |
¥ % Block (0,0,0) [sm: 11] # (0,0,0) | Warp 0Lane 0 : [ vectorAdd.cu:36 (0x9a653(

» & CUDA Thread (0,0,0) [warp: 0 lane: 0] (vectorAdd.cu:36) | #(1,0,0) i warpoLane1 | [ vectorAdd.cu:36 (0x9a653( |
[¢ vectoradd.cu &8 = B | g outline | % Registers X B YO0

= 5/ VEGLUIAUU(LUNSL 1lUal A, CONSL IlUal -D, flUat -L, AL HUlic

3 Name T(0,0,0)B(0,0,0) T(1,0,0)B(0,0,0) -
4 int i = blockDim.x * blockIdx.x + threadIdx.x; 1 R iq 4
; S MR EET ) W R6 3149824 3149824
7 { o RT 14 4
8 C[i] = A[i] + B[i]; RS io 1
e ¥ 1 R9 lo 1
41 = W R10 1 1060608 -271911904
- ; HtR11 ‘o 2 =




Compute Debuggers

Debug GPU kernels running on device

CUDA GDB
= CPU + GPU CUDA kernel debugger

= Supports stepping, breakpoints, in-line functions, variable
inspection etc...

= Built on GDB and uses many of the same CLI commands
= Local/Remote connection support

Nsight Visual Studio Edition
= |IDE integration for Visual Studio
* Build and Debug CPU+GPU code from Visual Studio

Nsight Visual Studio Code Edition
= New IDE integration for VS Code

= Build and Debug CPU+GPU code from Visual Studio Code
= Remotely target Linux targets from Windows or Linux

Nsight Eclipse Edition
= |DE integration for Eclipse
= Build and Debug CPU+GPU code from Eclipse

matrixMul.cu - matrixMul - Visual Studio Code

= BLOCK_SIZE * w8;

<A NVIDIA.



Nsight Visual Studio Code Edition

Visual Studio Code extensions that provides: matrisMul.cu - matrsMl - Visual Studio Code

w Go Run Terminal Helg

CUDA code syntax highlighting Variables view : S CLIDA Debugaut

VARIABLES

Local

CUDA code completion

Build warning/errors

Debug CPU & GPU code

Remote connection support via SSH

Available on the VS Code Marketplace now!

Visual Studio Code
File Edit S on View Go Run Terminal Help

CPU & GPU : syncthreads() ;
registers Exec debugger
commands

= -
\f

Registers

Visual Studio Code Edition
CuL ipport for Visual Studi i

NVIDIA Install

i CUDA Call Stack
Watch CPU & GPU e
vars I

vscode-cudacpp D 115K % 2 WATCH

I & DEBUG CONSOLE CALL STACK
++ language support for Visual Stud

- i As: [32] uda
kriegalex Install warg
Doxygen Documentation ... DA52K *
Let me generate Doxyger n from
Christoph Schlosser Install
Session status
Sk BREAKPOINTS
¥ matrixM
Install

CUDA focus

clangd 25K % 4.5

v

v

and C++ completion, navigatio i ir v
LLVM Extensions Install

®0A0 g CUDA: Debug with CUDA-GDB (matrixMul) Ln88, Col1 Spaces:2 UTF8 LF CUDAC++ CUDA:smlwarp28lane0 & [0

google-java-format
a-format in Visual Studio Code

Install

https://developer.nvidia.com/nsight-visual-studio-code-edition

<A NVIDIA.


https://developer.nvidia.com/nsight-visual-studio-code-edition

Compute Sanitizer

Automatically Scan for Bugs and Memory Issues

= Compute Sanitizer checks correctness issues via sub-
tools:

Memcheck — Memory access error and leak detection
tool.

Racecheck — Shared memory data access hazard
detection tool.

Initcheck — Uninitialized device global memory access
detection tool.

Synccheck — Thread synchronization hazard detection
tool.

https://github.com/NVIDIA/compute-sanitizer-samples

$ make run_memcheck

/usr/local/cuda/compute-sanitizer/compute-sanitizer --destroy-on-device-error kernel memcheck_demo
========= COMPUTE-SANITIZER

Mallocing memory

Host

Host

Host

Host

Host

========= Host

Host

Host

Host

Frame

Frame:

Frame:

Frame:

Frame

Frame:

Frame

Frame:

Invalid __global__ write of size 4 bytes
at @x7@ in unaligned_kernel()
by thread (90,0,0) in block (©,0,0)
Address Bx7f671ace@eel is misaligned
and is inside the nearest allocation at @x7fb654c@eeee of size 4 bytes
Saved host
Frame:

backtrace up to driver entry point at kernel launch time
[ex2774ec]
in /1ib/x86_64-1linux-gnu/libcuda.so.1

:__cudart8e3 [exfcchb]

in /home/cuda/github/compute-sanitizer-samples/Memcheck/memcheck_demo
cudaLaunchKernel [@x6a578]

in /home/cuda/github/compute-sanitizer-samples/Memcheck/memcheck_demo
cudaError cudalLaunchKernel<char>(char const*, dim3, dim3, void**, unsigned
in /home/cuda/github/compute-sanitizer-samples/Memcheck/memcheck_demo
__device_stub__Z16unaligned_kernelv() [©xb22e]

in /home/cuda/github/compute-sanitizer-samples/Memcheck/memcheck_demo

runaligned_kernel() [@xb28c]

in /home/cuda/github/compute-sanitizer-samples/Memcheck/memcheck_demo
run_unaligned() [6xaf55]
in /home/cuda/github/compute-sanitizer-samples/Memcheck/memcheck_demo

:main [BxbBe2]

in /home/cuda/github/compute-sanitizer-samples/Memcheck/memcheck_demo
../sysdeps/nptl/libc_start_call_main.h:58:__libc_start_call_main [©x2dfde]

in f'l'?h:’vsﬂ EAd-ldiruveanii/lihe e~ &

<“ANVIDIA.



https://nam11.safelinks.protection.outlook.com/?url=https%3A%2F%2Fgithub.com%2FNVIDIA%2Fcompute-sanitizer-samples&data=05%7C01%7Cjmarusarz%40nvidia.com%7C8604a0a01abe448223e108da7702bc09%7C43083d15727340c1b7db39efd9ccc17a%7C0%7C0%7C637953150877420363%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C3000%7C%7C%7C&sdata=7A7l8RKbrY%2BxRq17gUfc5zjqAAHKmsD95I%2BEEX6JPMc%3D&reserved=0

Compute Sanitizer

Reading a Memcheck Example Report

========= Invalid global write of size 4 bytes

========= at 0xb0 ub/compute-sanitizer-samples/Memcheck/memcheck demo.cu:39:out of bounds function ()
========= by thre

========= Address 0x87654320 is out of bounds

tes before the nearest allocation at 0x7£953da00000 of size 1,024 bytes

========= Device Frame:/home/cuda/github/compute-sanitizer-samples/Memcheck/memcheck demo.cu:44:out of bounds kernel() [0x30]
========= Saved host backtrace up to driver entry point at kernel launch time

s Host Frame: [0x2774ec]

========= in /1ib/x86 64-linux-gnu/libcuda.so.l

========= Host Frame: cudart803 [Oxfccb]

========= in /home/cuda/github/compute-sanitizer-samples/Memcheck/memcheck demo

========= Host Frame:cudaLaunchKernel [0x6a578]

========= in /home/cuda/github/compute-sanitizer-samples/Memcheck/memcheck demo

<“ANVIDIA.



Other Resources

Continue your learning journey. Keep engaged after the event. www.openhackathons.org

( : HACKATHONS

Open Hackathons TACC Open NVIDIA DLI
GitHub Hackathon
Explore additional Deadline: August 7, 2024 Resources for diverse
Bootcamp materials *Advance and accelerate your training

science Explore Al, accelerated

computing, data science,
graphics, and more.

OPEN
@ HACKATHONS <ANVIDIA

and resources
*Work with dedicated mentors

*Access the latest systems



http://www.openhackathons.org/
https://github.com/openhackathons-org
https://github.com/openhackathons-org
https://www.nvidia.com/en-us/training/
https://www.openhackathons.org/s/siteevent/a0C5e000008dWhsEAE/se000284
https://www.openhackathons.org/s/siteevent/a0C5e000008dWhsEAE/se000284

Useful Links

Web: https://developer.nvidia.com/tools-overview

How to contact us?
Forums: https://forums.developer.nvidia.com/c/development-tools
email: devtools-support@nvidia.com

Other digital GTC talks of interest:
S21351: Scaling the Transformer Model Implementation in PyTorch Across Multiple Nodes

S21547: Rebalancing the Load:Profile-Guided Optimization of the NAMD Molecular Dynamics
Program for Modern GPUs using Nsight Systems

S21771: Optimizing CUDA Kernels in HPC Simulation and Visualization Codes using Nsight
Compute

S21565: Roofline Performance Model for HPC and Deep-Learning Applications

<“ANVIDIA.


https://developer.nvidia.com/tools-overview
https://forums.developer.nvidia.com/c/development-tools
mailto:devtools-support@nvidia.com
https://developer.nvidia.com/gtc/2020/video/s21351
https://developer.nvidia.com/gtc/2020/video/s21547
https://developer.nvidia.com/gtc/2020/video/s21565
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