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Programming the NVIDIA Platform

ACCELERATED STANDARD LANGUAGES INCREMENTAL PORTABLE OPTIMIZATION PLATFORM SPECIALIZATION
ISO C++, ISO Fortran OpenACC, OpenMP CUDA

std: :transform( s X, X+h, Yy, Y,

[=] (float x, float y){ returny + void saxpy(int n, float a,

std: :transform(par, x, x+n, y, vy,

Ky o * *
?.x’ } [=] (float x, float y){ N Tloat *x, float 7y) {+
g return y + a*x; e = .
b if (i < n) y[i] += a*x[i];
(i = 1:n) o }
y(i) = y(i) + a*x(i)
enddo int main (void) {

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

1) saxpy (...);
def saxpy(a, x, y): ?
y[:] += a*x -t
ACCELERATION LIBRARIES
Core Math Communication Data Analytics Al Quantum
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Agenda

. Macro °— | |°=
» High-level tools ecosystem o— | [o—
o— o —

* For each tool: I |

 Brief description and feature overview
 What’s new in the latest releases

* Focus on problem solving and application in the
system hierarchy

- Summary - Putting it all together

Micro :GPU:
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Monitoring — Profiling

Different target users, intent, details, design tradeoffs
Some overlap but not interchangeable

Monitors
Goal: Coarsely observe quality, utilization, progress, help rate jobs
Users: Admins & users of top, netstats, taskman, ...

Track issues back to jobs
Low rate (minutes or seconds)
Sensible to observer checking & reacting, low overhead
Less details towards root cause

Uptime: Usually 100%
Profilers
Goal: Aid in application optimization
Users: Engineers looking to relating back to areas of code
Uptime: Usually not 100%

Detail

Coarse
& Lite

Fine
& Detailed
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Data Center GPU Monitor (DCGM)

Very unobtrusive
Great for fleet health, job health, job rating
Optimized for low frequency statistics (10hz or less)

Maps to jobs & processes

But not code & algorithms, like profilers!

Pause/resume to profile
CLI

dcgmi profile --pause

hula@avahuila e 1002,1003,1004,1007,1005,1009,1010 1 0

dcgmi profile --resume . A

1.000 54 0.000 0O 0.338 161979752 53993250
).949 558 0.036 0.€ 0.415 27167886 184237298
162 126 ¥ 7823530 23181418
126 © 5 0.497 7823530 23181418

129 0.006 ) 475 11681230 33786208

12674795 35978628

dcgmProfPause e IS e g pei AN

API

21774288
31687034

8269131 y
10113749 29940997
13152539 38756920
29765728 191608205

dcgmProfResume Gy 0 0955 0386 0024 0008 0.400 8487162

4PCITX PCIRX

8164627 PEYEREIL
9875826 28424670
12673519 36793740
13274947

25196587 782397
18350732 55105939
12122060 35676752




Nsight Profiler Family

Performance Analysis Workflow

Start here

Nsight Systems l

Analyze algorithms system-wide
CPU,GPU,CUDA,Networking,Graphics

Nsight Systems

Re-check overall performance RE-GIR G QVSIaM periommancs

Comprehensive workload-level performance

Nsight Compute

Debug & analyze
CUDA kernels

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

Nsight Graphics
Debug & analyze Nsight Compute

Nsight Graphics
Graphics shaders & frames Detailed CUDA kernel performance g P

Detailed frame/render performance
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Developer Tools Ecosystem

Debuggers: cuda-gdb, Nsight Visual Studio Edition Profilers: Nsight Systems, Nsight Compute, CUPTI, NVIDIA Tools eXtension (NVTX)
Nsight Visual Studio Code Edition

~ GPU Speed Of Light A\ SOLRoofines ~ O

High-evel 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
maximum. High-level overview of the utilization for compute and memory resources of the GPU presented as a roofiine chart.

SOL SM [%] .02

B

Project Juild Debug Team Nsight ools Test Analyze

puration [usecond] 2.59
" H -H p Continue SOL Memory [X] ©.39 | Elapsed Cycles [cycle] 2,933
SOL L1/TEX Cache [X] 14.43 | SM Active Cycles [cycle] 20.79
SOL L2 Cache [%] e.39
SOL DRAM [%] 0.34

Process: |20680] matrixMul.exe Thread: [1) CUDA Thread Stack Frame: MatrxMulCUDA <int= 32> (flos SM Frequency [cycle/nsecond] 1.13

DRAM Frequency [cycle/nsecond]

matroMul.cu v Disassembly ® X

%/ matrodViul (Global Scope) MatrodMulCUDA(float * C 1

Floating Point Operations Roofline
MatrxMulCUDA <int= 32> (float™, float™, flo 100,000
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Arithmetic Intensity [FLOP/byte]

Correctness Checker: Compute Sanitizer IDE integrations: Nsight Eclipse Edition

Nsight Visual Studio Edition
$ compute-sanitizer --leak-check full memcheck_demo Nsight Visual Studio Code Edition

========= COMPUTE-SANITIZER
Mallocing memory ) -
Running unaligned kernel - nErerEry

-~

Debug - vectorAdd/src/vectorAdd.cu - Nsight
File Edit Source Refactor Navigate Search Project Run Window Help

matrixMul.cu - matrixMul - Visual Studio Code

. %5 Debug & ¢ SRR
Ran unaligned kernel: no error v vectoradd (0} [device: gk110 ()] (Breakpoint)
Sync - no error » & CUDA Thread (0,0,0) Block (0,0,0)

< CUDA Thread (1,0,0) Blo 0,0,0
v @l All CUDA Threads
v i Block (0,0,0) [sm: 11]
> i CUDA Thread (0,0,0) [warp: 0 lane: 0] (ve(

Running out_of bounds_kernel
Ran out_of bounds kernel: no error
Sync: no error

[¢ vectorAdd.cu R

========= Invalid _ global_ _ write of size 4 bytes s T ]
========= at Ox60 in memcheck_demo.cu:6:unaligned_kernel(void) | [j————— “
========= by thread (9,0,0) in block (9,6,6) ;; ¢ Cli] = A[i] + B[il;
========= Address 0x400100001 is misaligned U
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GUI Support for Grace and other Arm Platforms

Nsight Systems - Nsight Compute - Nsight Visual Studio Code Edition

* GUIs run natively on
* NVIDIA® Jetson AGX Orin™ SoC
« Arm Server Platforms

* Use new native GUI or existing remote collection capabilities

10 X 50¢-20220204-01-gtc-50s.nsys-rep X D B i R TOC I or I ] matrixMul.cu - matrixMul - Visual Studio Code (on jetson)

&) connect papeines File Edit Selection View Go Run Terminal Help

D Untitled 2* X

D CUDA C++: Launch

= Timeline View
Page: Details * | Result ¢ el v ¥ ~ AddBaseline ~ ApplyRules Occupancy Calculator VARIABLES
Result Time SM Frequency Local
- 6 - copyPackec nel 1)x(128, 0 usi d 2 b evice 651.58 cycle/usecond 8.7
CPU DRAM Bandwidth
2 ~ GPU Speed Of Light Thi
CPU Bytes Read S o Toeolout

b-metric of

CPU Bytes Written
GPU DRAM Bandwidth

GPU Bytes Read

A High Compute Throughput  Comput ore heavily utilized than Memory 2 compute pipelines are spending their time doing r whether any computat

GPU Bytes Written

@® Roofline Analysis  The ratio of peak float (fp32) to double (fp c 4:1. The kernel achie %0 e's fp32 peak performance and 0% of its fp64 peak performance.

ISP
GPU Throughput
DLA

WATCH

NVENC

NVDEC
Speed Of Light (SOL) [%]
Compute Throughput Breakdown Memory Throughput B

NV Active
NVDEC Bytes Read
NVDEC Bytes Written

CALL STACK

VIC Active
VIC Bytes Read

VIC Bytes Written

( . SM e Fpl yel 0 1: F Wavefros
(Graphics Device) e
0 Data Pipe

BREAKPOINTS
@ matrixMul.cu
& matrixMul.cu >
®3A0 4 CUDAC++: Launch (matrixMul) Ln 275, Col 1 Spaces:2 UTI

<A NVIDIA.

¥ GPU Metrics [100 kHz]
nnected from the application

<« Workspace 1 » 01 Feb, Tue 19:39:56 « » [T nvidia@jetson: ~/Rebel-Release-public/host/linux-val_|4t-t210-a64 Q@ NVIDIA Nsig|

GPC Clock Frequency




Updated Websites/Docs/Icons

NVIDIA Developer Tools

NVIDIA Nsight™ tools are a powerful set of libraries, SDKs, and developer tools spanning across desktop

and mobile targets that enable developers to build, debug, profile, and develop software that utilizes the

latest accelerated computing hardware.

IDE / DEBUGGING PROFILERS / DESIGN

Nsight

Nsight
2ol ;:::T: Compute Nsight Nsight Nsight Deep Nsight

Nsight
Visual

Studio ::lllt';se Cod Sanitizer Graphics Compute Systems Learning Graphics
Edition on [ Lode

Edition Designer

CUPTI

wr ® ® © O O

GRAPHICS Q@ ) O O

LIBRARIES / API / SDK

NVTX

Nsight Nsight
Aftermath PerfSDK
SDK

ox - @ ® ©® O O ® O ®

What Segment Are You Working on?

View All CUDA/Compute Graphics OptiX Deep Learning

Developer Activity

CODE DEVELOPMENT

|

PLATFORM ANALYSIS

KERNEL ANALYSIS

Nsight Compute

Nsight Compute is an interactive
kernel profiler for CUDA
applications. It provides detailed
performance metrics and API

APls

O-E

https://developer.nvidia.com/tools-overview
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Compute Debuggers [o= |

Debug GPU Kernels Running on Device

CUDA GDB

CPU + GPU CUDA kernel debugger

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

*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

®0A0 g CUDA: Debug with CUDA-GDB (matrixMul)

<ANVIDIA. I



CUDA GDB

(cuda-gdb) info cuda threads breakpoint all
BlockIdx ThreadIdx Virtual PC Dev Filename
- Kernel O

Unlﬂed CPU and CUDA 0x0000000000948e58 11 infoCommands.cu
0x0000000000948e58 11 infoCommands.cu
0x0000000000948e58 11 infoCommands. cu
0x0000000000948e58 11 infoCommands.cu
0x0000000000948e58 11 infoCommands. cu
0x0000000000948e58 11 infoCommands.cu

Debugging

)
)
)
)
)
)

CUDA-C/SASS support

/

Built on GDB and uses many (cuda-gdb) i1info cuda threads breakpoint 2 lane 1
BlockIdx ThreadIdx Virtual PC Dev SM Wp Ln Filename
of the same CLI commands Kernel 0

(1,0,0) (1,0,0) 0x0000000000948e58 O 11 O 1 infoCommands.cu

Local/Remote connection

int MatrixMultiply(int argc, char **argv, int block size, cc
~onst dim3 &dimsB)
support T

int size A = dimsA.x * dimsA.y;

PROBLEMS OUTPUT  DEBUG CONSOLE  TERMINAL
Backend for IDE debuggers (5o T ASTIVIIRT * bsLKILK;
cuda sm @ warp 1 lane 0
CUDA focus unchanged.

Thread 1 "matrixMul" hit Breakpoint 2, MatrixMulCUDA<32><<<(20,10,1),(32,32,1)>>> (C=0x7fffccb2cO00, A=0x7fffccabbOO®, B=0x7fffccab4000, wA=320, wB=640) at matrixMul.cu:96
96 Csub += As[ty]l[k] * Bs[k][tx];

Thread 1 "matrixMul" hit Breakpoint 3, MatrixMulCUDA<32><<<(20,10,1),(32,32,1)>>> wA=320, wB=640) at matrixMul.cu:108

108 Clc + wB * ty + tx] = Csub;
> | , |
®O0A0 g> CUDA:Debug with CUDA-GDB (matrixMul) Ln107,Col1 Spaces:2 UTF-8 LF CUDACH

NVIDIA



Compute Sanitizer | fPU |

Automatically Scan for Bugs and Memory Issues

-Compute Sanitizer checks > L0 b

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

correctness issues via sub-tools: T T T

========= Invalid __global__ write of size 4 bytes
========= at ©x7@ in unaligned_kernel()
========= by thread (0,0,0) in block (0,0,90)

*‘Memcheck - Memory access error and =========  Address 0x7f671ac0000l is misaligned
. s —————— and is inside the nearest allocation at ©x7fb654c00000 of size 4 bytes
|eak deteCthn t00| ========= Saved host backtrace up to driver entry point at kernel launch time
========= Host Frame: [©x2774ec]
. _ ========= in /1ib/x86_64-1linux-gnu/libcuda.so.1
Racecheck - Shared memory data access |ZIIT ot rrane:  cudarcsos [oxfech]
" ========= in /home/cuda/github/compute-sanitizer-samples/Memcheck/memcheck_demo
haza rd deteCtlon tOO| = ——— Host Frame:cudalaunchKernel [©x6a578]
. T . ========= in /home/cuda/github/compute-sanitizer-samples/Memcheck/memcheck_demo
‘InltChECk —_ Un|n|t|a||zed d6V|Ce gIObaI ========= Host Frame:cudaError cudalLaunchKernel<char>(char const*, dim3, dim3, void**, unsigned
. ========= in /home/cuda/github/compute-sanitizer-samples/Memcheck/memcheck_demo
memory access detection tool. —========  Host Frame:_device_stub__Zléunaligned_kernelv() [@xb22e]
=== ——— in /home/cuda/github/compute-sanitizer-samples/Memcheck/memcheck_demo
: : s Host Frame:unaligned_kernel() [©xb28c]
° — -
SynCCheCk Thread SynChronlzatlon s in /home/cuda/github/compute-sanitizer-samples/Memcheck/memcheck_demo
: —======== Host F : 1i d @xaf55
hazard detection tool. ost Frame:run_unaligned() [exafS5]

========= in /home/cuda/github/compute-sanitizer-samples/Memcheck/memcheck_demo
========= Host Frame:main [@xb@e2]

========= in /home/cuda/github/compute-sanitizer-samples/Memcheck/memcheck_demo
s Host Frame:../sysdeps/nptl/libc_start_call_main.h:58:__libc_start_call_main [©x2dfde]
S —— in /1ih/ve6 A dinuv-anu/lihe cn &

https://github.com/NVIDIA/compute-
sanitizer-samples
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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
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 Debuggers/IDEs
New Features




Correctness Tools Features

Debuggers using Unified Backend e el mzive of mioe L byies
Consistent debugging experience across oo e B e eilidl EoleronEGEs  magen @ seilidl o
platforms iiilgiig£766bzig6ﬁiiiid (0,0,0) in block (0,0,0)
Performance and usability improvements T i htes atter the e loeation at
New features “float all boats” o e ois, Hmieened (G450

========= Saved host backtrace up to driver entry point at
kernel launch time

========= Host Frame: [0x60fbaal

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

NeW ComDUte Sanltlzer use Cases ========= Host Frame:optix_stt/lbsc.jh;568:optixLa/:lunch [Oxelff]

========= in /home/cuda/optixBasic/optixBasic

RaceCheCk Support for aSynC_COpy’ DSMEM ;z;:l:?j}:l;me/cuigigptixBasic/optixBasic cpp:227:main [0xb735]

(Hopper), and GMMA (HOpper) = in /home/cuda/optixBasic/optixBasic
========= Host

MemCheCk for CaChe Control Operatlons iFIrlang;é(.jgcsi%/]sdeps/nptl/libc_start_call_main.h:58:_libc_start_call_ma
e in /1lib/x86 64-linux-gnu/libc.so.6

lmproved core dump Support ==——===== Host Frame:. ./ciuk/)libc:siait.c:339:_ll}iobc_start_main

Multiple OptiX analysis improvements Lxeenrdl R T 7 S P PN

S Host Frame: [0x8dde]
————————— in /home/cuda/optixBasic/optixBasic

Nsight Visual Studio Code Edition
New support for debugging containers

NVIDIA
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NSIGHT PROFILERS WORKFLOW

Start here

l

oF

Nsight Systems

Comprehensive system-level
erformance
Re-check overall P Re-check overall
performance performance

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

¥
' Nsight Compute Nsight Graphics

Detailed CUDA kernel performance Detailed frame/render performance

18 <ANVIDIA.



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
*ldentify 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

Command Line, Standalone, IDE Integration

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

*GPUs: Pascal+

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

4s89.6ms  +389.8ms +390ms  +390.2ms

+390.4ms  +390.6ms  +390.8ms +391ms  +3912ms  +391.4ms

- [532] python - B ——
~ Threads (21)

» [532] python

- 1566] CafteTaskore__ | [ (R ——_
0S runtime librarie o |[pthr (pthread... [
CUDA API (Zkemelagent) Cldastreamsynchronize "]

- 1558] CaffeTaskThre_} | | - ' om0
OS runtime librarie || |..| pthread mute...| [pthread_...| [pt. |
CUDA API I 100K CudaStreamSynchionize

~ [562] CaffeTaskThre

+391.6ms  +391.8ms +392ms

+3922ms  +392.4ms  +392.6ms  +392.8ms +393ms -

pthread_cond_wait

pthread_cond_wait

0.
A | | B

OS runtime librarie

pthread_mutex_lock

CUDA API 17
~ [561] CaffeTaskThre__J ] i A N i
OS runtime librarie ot pthread_mu...| [pthread_..| [pthre. | Il pthread_cond_walt
CUDA API 8K CudaStreamsynchronize i1
16 threads hido=dr - B
~ CUDA (Quadro GV10(
~ [All Streams]
oz o] oGz S, 2GR . CQ 0 e e )
» 90.5% Kernels EEEED T S P—] l'
@0 =

Events View ~

# Name Duration GPU

1 generate_seed_pseudo 1.249 ms GPUO
2 gen_sequenced 35.745 ps GPUO
3 _kernel_agent 1.696 ps GPU O
4 generate_seed_pseudo 1.271ms GPU O
5 gen_sequenced 12.448 ps GPU O
6 UniformShift 10.241 ps GPUO
7 generate_seed_pseudo 1.274 ms GPU O
8 gen_sequenced 11.872 ps GPUO
9 UniformShift 9.856 ps GPUO
in nanarata caad necaudn 1264 me GRLLN

Start
3.85619s
3.8576s
3.85771s
3.85916s
3.86057s
3.86058s
3.86202s
3.86343s
3.86344s
2 RAARRC

[Search

“ generate_seed_pseudo
Begins: 3.88089s
Ends: 3.88217s (+1.283 ms)
grid: <<<64,1, 1>>>
block: <<<64, 1, 1>>>
Launch Type: Regular
Static Shared Memory: 0 bytes
Dynamic Shared Memory: 0 bytes
Registers Per Thread: 48
Local Memory Per Thread: 0 bytes
Local Memory Total: 193,986,560 bytes
Shared Memory executed: 0 bytes
Shared Memory Bank Size: 4 B
Theoretical occupancy: 62.5 %

¥ Launched from thread: 532 b

3s

~ V [23724] RenderThread =

Blocked State

DXGI API
DX11 APl s I o fieSeTE)
60 threads hidden.. mmeh 3 Gllto:
- ~ bl . A 15551 1 DeviceContextzDrawindexcd Rttt .
~ rame duration (60 £PS) mDX11 APl calls

Begins: 3.53253s

v CPI
CPU frame duration rame 4 Ends: 3.53258s (+200 ns)

Frame #5896 [3.634 ms]

Frame Action Suild frame [3... Build frame [3.654 ms]
Frame health
Stutter
~ WDDM
v 3D
v Contexts

v Odfffdd3b3act0ded

CPU Context Queue

Memory Allocation [Delta 99,360,00

Bottom-Up View ~ @ Process [9695] vmd_LINUXAMD&4. 11 (3 of 19 threads)

\? Filter... | 99.82% (23,260 samples) of data is shown due to applied filters.

Symbol Name
v VolumetricData::compute_volume_gradient()
v VolumetricData::compute_volume_gradient()
v BaseMolecule:add_volume_data(char const®, double const*, double const®, double const*, double const*, int, int, int, float®)
v VMDApp:molecule_add_volumetric(int, char const*, double const*, double const*, double const*, double const*, int, int, int, float*)
v obj_segmentation(void*, Tcl_Interp*, int, Tcl_Obj* const®)
[Max depth]
v BaseMolecule:add_volume_data(char const®, float const®, float const®, float const®, float const®, int, int, int, float®, float*, float*)
v MolFilePlugin::read_volumetric(Molecule®, int, int const™)
v VMDApp::molecule_load(int, char const*, char const®, FileSpec const®)
v text_cmd_mol(void*, Tcl_Interp®, int, char const™)
v TcllnvokeStringCommand
v TclEvalObjvinternal
v TclExecuteByteCode
v TclCompEvalObj
v TclEvalObjEx
v Tcl_RecordAndEvalObj
v TclTextInterp::evalFile(char const®)
v VMDApp::logfile_read(char const®)
v VMDreadStartup(VMDApp*)
[Max depth]
> 0x7f10ca7022d6

> obj_segmentation(void*®, Tcl_Interp®, int, Tcl_Obj* const®)

Self,/ % Module Name

20.14 /home/johns/vmd/src/gtcbuilds/vmd_LINUXAMD64.11
20.14 /home/johns/vmd/src/gtcbuilds/vmd_LINUXAMD64.11
18.30 /home/johns/vmd/src/gtcbuilds/vmd_LINUXAMD64.11
18.30 /home/johns/vmd/src/gtcbuilds/vmd_LINUXAMD64.11
18.30 /home/johns/vmd/src/gtcbuilds/vmd_LINUXAMD64.11
18.30 [Max depth]
1.84 /home/johns/vmd/src/gtcbuilds/vmd_LINUXAMD64.11
1.84 /home/johns/vmd/src/gtcbuilds/vmd_LINUXAMD64.11
1.84 /home/johns/vmd/src/gtcbuilds/vmd_LINUXAMD64.11
1.84 /home/johns/vmd/src/gtcbuilds/vmd_LINUXAMD64.11
1.84 /home/johns/vmd/src/gtcbuilds/vmd_LINUXAMD64.11
1.84 /home/johns/vmd/src/gtcbuilds/vmd_LINUXAMD64.11
1.84 /home/johns/vmd/src/gtcbuilds/vmd_LINUXAMD64.11
1.84 /home/johns/vmd/src/gtcbuilds/vmd_LINUXAMD64.11
1.84 /home/johns/vmd/src/gtcbuilds/vmd_LINUXAMD64.11
1.84 /home/johns/vmd/src/gtcbuilds/vmd_LINUXAMD64.11
1.84 /home/johns/vmd/src/gtcbuilds/vmd_LINUXAMD64.11
1.84 /home/johns/vmd/src/gtcbuilds/vmd_LINUXAMD64.11
1.84 /home/johns/vmd/src/gtcbuilds/vmd_LINUXAMD64.11
1.84 [Max depth]
5.13 /usr/lib64/libcuda.s0.390.25
3.44 /home/johns/vmd/src/gtcbuilds/vmd_LINUXAMD64.11



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

295 ~ 7914m5 1 t 7915ms : +796ms 1 +797ms +798ms $ 7919ms 1 o8QOms ‘ +801ms 1 $ 8012ms 1 +8Q3ms

* CPU (256)
M cpu17s e 0000v00909090909090909m 0 0 0zvz9m 0 0zZ9m
M cruss (Y T |
M cru 122 | W '
M cpu 253 | |
W cpu 115 A 1]

GPU metrics 251 CPUs hidde— +
Samp | es * GPU (0000:07:00.0 - A

* GPU Metrics [80 kthl
GPC Clock Frequen
SYS Clock Frequenq

GR Active ul.
SM instructions ERERE

SM Instructions . = - — SBe ahe ol e e . R

B i -

T e n S O r C O r e S SM Issue B C F Wy 's= ¥ ) 7 TS TR TNV -— g _ [ e i ). = =

4

Tensor Active
- . \ T ) T
GPU bandwidths (IR " u e |} m u |
. 1
i 1
G P U C U D A » DRAM Bandwidth _ aa Sampllng point
> NvLink Banawidth Call stack at 29.7967s:
k | & » PCle Bandwidth libcuda.s0.455.23.05(7 Frames) D - N
erne memao ry ST e == libcuda s0.455.23.051cuEventSynchronize ——— — —
- v ® [9531] python pywrap_tensorflow internal.so!stream_executor:gpu:GpuDriver:GetEventElapsedTime!...)
. ol & _pywrap_tensorflow_internal solstream_executor:gpu:GpuTimer:GetElapsedMilliseconds() const| " 0
a Ct I V I t I e S CUDA HW (0000‘0 libtensorflow_framework.so.2!stream_executor:gpu:CudnnSupport:DoConvolve(...)
99.2% Stream (3 I ‘ stream_executor:Stream:ThenConvolveBackwardFilterWithAlgorithm(...) '
C P U 12 streams h — <+ _pywrap_tensorflow_internal.soltensorflow:LaunchConv2DBackpropFilterOp <...>:operator()(..)
p r O C e S S e S _pywrap_tensorflow_internal.so!tensorflow::Conv2DBackpropFilterOp <...>:Compute(...)
* Threads (866) libtensorflow_framework.so.2tensorflow::BaseGPUDevice:Compute(...)
& thread states R i ot —
viY [1 0818] p)’thO " ——————————— [Broken backtraces]![Broken backtraces] _—

! | | ! | | | | | | ! | ! ! | | 1 | 1 | ! | | ! | | ! ! | | | ! ! i | ! | ! | | ! | 1 | | | |

cuEventSynchronize

CUDA AP 8L b ] mlulin J.zl“ld u.lummu.i il

CPU call-stack samples

CUDA API trace
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Zoom/Filter to Exact Areas of Interest

T TIETRE VIeW

M|

ZX TWarmg, 15 Tessage)

L

Os

+332ms +332.5ms +333ms +333.5ms +334ms
1 1 1 1 1

+334[.5ms

+33.5ms

+335.5ms +336ms
1 f

» CPU(12)
v Threads (11)

0S runtime libraries

OpenMP

CUDA API

Profiler overhead
¥ |V| [27855] OpenMP Worke ~

0S runtime libraries

OpenMP

CUDA API

¥ V| [27851] cuda-EvtHand| ~

0S runtime libraries
6 threads hidden...  =mds
~ CUDA (TITAN V)
¥ 96.7% Kernels
» 41.6% genchi
» 39.7% vector_add
» 18.7% gemm

» 3.3% Memory

s Ty

Jr—

JOD 8 68 @0

(et (n-) \_J (p-]

(pthr...

Y NN X T ANEY _HC Y
1
) ) ()

1
(p..e .| [pthread_rwiock wri..

|p_,| 0

Parallel Region Famnel H Hn

Implicit Task ‘Ll] Implicit Task
_ToopRegion ]}
@ate.) ()

[l 1
- 0E0E E0RE

|| [Expli...||Expli... | |Expl...| Implicit Task |

COCTRE T (D ) ) &

Parallel Region

Implicit Task

0si6m PIANSEYEINL L 4ms  +211.42ms  +211.44ms  +211.46ms

+211.48ms___+211.5ms +211A5ams I+211‘54ms 6 8m +211.6ms 6 64m +211.66ms

D ES 0 0] 10 u @U |j_'l ® =

j Explicit T... Implicit Task - mpl as|
h =
) .

|
]ﬂ'l‘mﬁﬂt"lﬂﬂ—

-

1 L [ } L I wmian 1 [ . | 1" 1 a0 | 1 L (N}

: cudaGraphsl
a l LEl e )ynLaunch [0Y.o
CUDA API . u mlu ‘ cudaGraphlnstantiate
Call to cudaGraphAddKernelNode I I
| 24.0% Stream 14 »* w CUDA runtime AP calls
Begins: 0.211387s
Ends: 0.211391s (+4.067 ps)
_I 88.3% Kernels b g Return value: 0
Correlation ID: 116
hsManual [2.864 ms]
NVTX b g
19.8% Stream 16 »*
94.7% Kernels ) d
NVTX b 4
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Pixel Time Coverage Based Level Of Detail (LOD)

CUDA (Graphics Device, 0001:01:00.0)
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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 MPIl, recommended to use nsys after mpirun/srun:
$ mpirun -n 4 nsys profile ./myapp.exe

IIIIIII



Core Strategy
What's HOT?

Will it be easier to shrink what | coded?

This is where MOST people concentrate. ...intuitive but not always best !/$
What's COLD?

Will it be easier to take advantage of the something unused?

Free money? Yes pleasel

Hot spots might be:
Parallelizable?
Shrinkable without compromising accuracy, memory, etc
Cold spots are clear, measurable opportunities!!!
How can i remove or fill them?

Where do | have incorrect/unnecessary/unexpected dependencies & synchronization?

Between threads, processes or across nodes (ex: MPI_Barrier)!

24 NVIDIA



General optimization tips

Using tensor cores?
Increase grid and batch size to utilize GPUs width
Conventional parallelism - more worker threads!

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

NVIDIA



General optimization tips

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

Overlap/oversubscribe with MPS

Multi-buffering

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

Avoid moving data back to the CPU

. Pre-allocate and recycle!

Minimize managed memory page faults
® Prefetch!

NVIDIA



Nsight Systems
New Features




CPU Counters and OS Metrics -

- CPU X86_64/SBSA hardware counters
* Cache misses, DRAM access, etc...

v 0Os 0.2s 0.4s 0.6s 0.8s 1s 1.2s pEELERL.4s 1.6s 1.8s 2s 2.25 2.4s 2.6s 2.8s 3s
v CPU(12)
~ W CPUSB | TR WYeOm PTG TR e 00

CPU Cycles

Instructions

» ~CPU1 sl oo b b B, o L i bmth b 1w 1ol [Retired instructions bkt b et boma W 1 Ll ek bl L
 mcrus i L S et LA a1 L TmeTo0s0ts ™ By i L L MMM |1,
» MCPU7 FITOPR P LTPITRTTIT] (NN £ 1T YO I AP AION SOR TE AR (118 BT TR N ey 1y oreserraramwtd VR ORI [T 4
» mCPUO 314 ..‘.--.l. .m_. 1. .-l-JJ.J .u.u-L..l._u..l...l-l-l-L...Lull Ll...l .-L-J.-._u.‘llmj.l.hlu.... _.'.I-.I.Ll.ul.lllh.ll hIJL L.....1-.-.1.-._.uaJLl|Lh|LJIJIJ.|‘J—. 1 I.‘-I da
7 CPUs hidden... —
~ Uncore

uncore_imc_0/cas_count_read/

uncore_imc_0/cas_count_write/

v (@) [27025] ./smokeParticles

~ Frame duration (Target FPS: 60 Hz) Showing 200 of 200 CPU frames | avg 17.05ms | min 13.99ms | max 47.95ms | FPS ¢
0000:65:00.0 - NVIDIA Graphics Device  ~ 00 oo 0onsec e me |18 S [ N tlalelalalels | P——

» CPU frame duration - . .

- - - E = —
IR ENINENENENEREE R RE RN

» CUDA HW (0000:17:00.0 - Quadro GV100)

OpenGL HW
~ Threads (11)

Al

0OS runtime libraries r...
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Python Call Stack Sampling

* Periodically sampled stacks

+ Correlated with all other collected activity

37s w +800ms +850ms +900ms +950ms 38s +50ms +100ms +150ms +200ms +250ms +300ms

» CPU(12)

|* Processes (2)

~ (@) [74] python

— N m | L S | _
¢ AR o S S S R S S S L R R . :

v Threads (44)

=4

v V [74] python ~

ik 2

OS runtime libraries

ranetoapy 5.
B T .

cudf_python s

43 threads hidden... —

VTR

' Events View v
“ Name Category ]
N S F T TR T, Time: 382721
Thread: 82
| [ 33353 0 38.2734s 82 Python Thread [1] Catsionih
l] 33354 D 38.2746s 82 Python Thread [1] Category: Python Thread
| PythonBacktrace
[ 33355 I 38.2757s K Python Thread [1] Thread state: Running
] 33356 I 38.2768s 82 Python Thread [1] Bymmes COMRN.
‘ Frames (Function, File, Line)
[| 33357 |] 38.278s 82 Python Thread [1] 0: safe_cuda_api_call, fopt/conda/envs/rapids/lib/python3.9/site-packages/numba/cuda/cudadrv/driver.py, 319
| 1: __enter_, /opt/conda/envs/rapids/lib/python3.9/site-packages/numba/cuda/cudadrv/driver.py, 498
| u 33338 [l 38.2792 8 Python Thread [1] 2: ensure_context, /opt/conda/envs/rapids/lib/python3.9/site-packages/numba/cuda/cudadrv/devices.py, 121
‘ I] 33359 ﬂ 38.2805s V) Python Thread [1] 3: _enter__, /opt/conda/envs/rapids/lib/python3.9/contextlib.py, 119
- 4: _require_cuda_context, /opt/conda/envs/rapids/lib/python3.9/site-packages/numba/cuda/cudadrv/devices.py, 231
[ 33360 I 38.2816s &2 Python Thread [1] 5: as_cuda_array, /opt/conda/envs/rapids/lib/python3.9/site-packages/numba/cuda/api.py, 76
| 6: data_array_view, /opt/conda/envs/rapids/lib/python3.9/site-packages/cudf/core/column/column.py, 119
, [I i [I etz % P eaatl] 7: values, /opt/conda/envs/rapids/lib/python3.9/site-packages/cudf/core/column/column.py, 177
I] 33362 I] 38.284s 82 Python Thread [1] &, /opt/conda/envs/rapids/lib/python3.9/site-packages/cudf/core/frame.py, 536
| 9: get_column_values_na, /opt/conda/envs/rapids/lib/python3.9/site-packages/cudf/core/frame.py, 477
_ I] 33363 [l 38.2833s 82 Python Thread (1] 10: _to_array, /opt/conda/envs/rapids/lib/python3.9/site-packages/cudf/core/frame.py, 498
[I 33364 I] 38.2864¢ a2 Python Thread [1] 11: to_cupy, /opt/conda/envs/rapids/lib/python3.9/site-packages/cudf/core/frame.py, 533
1& inner, /opt/conda/envs/raplds/ Ivb/pythonS 9/contextllb Y. 79
[l 33365 0 38.2878s 82 Python Thread [1]
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NVIDIA Networking NIC/DPU Metrics Sampling

* Includes InfiniBand and Ethernet
- Sent / Received / Waits

* Correlate with expected network traffic and other system activities

NIC-0

+750ms +800ms +850ms +900ms +950ms 7s +50ms +100ms +150ms +200ms

6s ~

+250ms +300ms +350ms +400ms

IB Bytes received

IB Bytes sent

IB Send waits

NIC-1
NIC-2
NIC-3

CPU (96)

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

v [21004] MPI Rank 18

MPI MPI_Recv [318.951 ms] I MPI_Sendrecv [375.323 ms] T MPI_Recv [162.305 ms] I
[ucp_tag_send_nbx | UCP transfer submit []
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] lucp_tag_re.
Start & End -
[ ucp_tag_send_nbx | UCP transfer processing [262.277 ms] }

» Categories

NVTX

Run 3 Iterations [1.557 s]

Iteration 0 [694.442 ms]

[ Iteration 1 [4

CUDA API

Profiler overhead

[21348] async

8 threads hidden...

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.

[ ucp_tag_send_nbx | UCP transfer processing [262.277 ms]

) [

=

<A NVIDIA. I



Q= Q-

Network API Trace - Extended Descriptions/Tooltips = -

* Supports MPI versions

Events View v
> OpenMPI
- MPICH Name Z
- Data for each API call
Description:
* Identify performance trends and Nan:e 3
specific underperforming calls I MPI_Init MPI Bcast
Begins: 0,164935s
] MPI_Recv i

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

l MPI_Bcast Thread: 1342434

- Bytes sent: 0

4l MP]_Bcast Bytes received: 4

| MPI_Recv Root: 0

= MPI_COMM_WORLD
| MPI_Finalize

<A NVIDIA. I



Nsight Systems Multi-Node Analysis
Preview in Nsight Systems 2023.2

Recipes to analyze existing reports collected from multiple
sources/nodes

Several default recipes included with Nsight Systems

Recipes built on extensible Python library

Recipes generate results various formats:
* Jupyter Notebook
« Parquet, CSV, ...

Open result in Nsight Systems GUI or Jupyter Lab

> ./nsys recipe -help

cuda api sum -- CUDA API Summary

cuda api sync -- CUDA Synchronization APIs

cuda gpu kern sum -- CUDA GPU Kernel Summary

cuda gpu mem size sum —-- CUDA GPU MemOps Summary (by Size)
cuda gpu mem time sum —-- CUDA GPU MemOps Summary (by Time)
cuda memcpy async —-- CUDA Async Memcpy with Pageable Memory
cuda memcpy sync —-- CUDA Synchronous Memcpy

cuda memset sync —-- CUDA Synchronous Memset

dx12 mem ops —-- DX12 Memory Operations

gpu gaps -- GPU Gaps

gpu time util -- GPU Time Utilization

nvtx gpu proj trace -- NVIX GPU Trace

nvtx sum -- NVTX Range Summary

osrt sum -- OS Runtime Summary

> ./nsys recipe cuda gpu kern sum --dir ~/profiles
> Generated cuda gpu kern sum-1

o— o—
o— 0 —
o— o—

NVIDIA Nsight Systems

Project 20 X report X

View

& http:/flocalhost:8888/notebooks/home/trecipe/cufft_analysis-4/report.ipynb

& report - Jupyter Notebook X
j. jupyter report (unsaved changes)

File Edit View  Inser t Cell Kerr el Widgets Help Not Trusted
=] + b B »~ 3 PRun B C MW Ccode ~ =

MLL.UAI \UEVALE AU, GVE CVECIHILD| 2yiv J I Lame LULUE = LuLuE D

Jey MVLLUIN =~ §y WIIDCL,
xticks plot = np.arange(8) * (nGPU//8) # only show 8 labels
plt.xticks(xticks plot)

plt.ylim(bottom=0)

plt.ylabel( 'time (us)')

plt.xlabel( 'GPU device')

plt.legend(loc = ‘upper right’)

plt.title(str(FFT SIZE) + 'x' + str(FFT SIZE) + ', C2C, FP32,
plt.savefig(figname)

return ave events

+ Driver)

In [5]): with open('before.dat', 'rb') as f:
eventsl = pickle.load(f)
ave = PlotAveEvents(eventsl, FFT SIZE, nGPU, 'Fused Kernel',K "before.png")

1024x1024, C2C, FP32, Fused Kernel

Kemel O

Lo

Sy

gout

BN 1st Dim.
80 - barrier
2nd Dim.
sync
60 -
m
R
L
E 401
0 L T L}  J T T L L]
0 8 16 24 32 40 48 56
GPU device

1
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Nsight Systems Multi-Node Analysis

jacobi_16mpi_imbalancedN_tmpi,nvtx,cuda,osrt_0.0/0/3441696
jacobi_16mpi_imbalancedN_tmpi,nvtx,cuda,osrt_0.2/0/3441709 100
jacobi_16mpi_imbalancedN_tmpi,nvtx,cuda,osrt_0.4/0/3441699
jacobi_16mpi_imbalancedN_tmpi,nvtx,cuda,osrt_0.6/0/3441715

jacobi_16mpi_imbalancedN_tmpi,nvtx,cuda,osrt_1.0/0/744293

jacobi_16mpi_imbalancedN_tmpi,nvtx,cuda,osrt_1.2/0/744286

Report/Device/PID

jacobi_16mpi_imbalancedN_tmpi,nvtx,cuda,osrt_1.4/0/744289

jacobi_16mpi_imbalancedN_tmpi,nvtx,cuda,osrt_1.6/0/744276

~ A -
J 2 o 0

(4]
—
ez
ol

J

Duration (s)
cuda_gpu_time_util_map recipe

ldentify misbehaving GPUs, ranks, or nodes
Time correlation with application phases

Click to drill into specific result file for more
details

Duration (s)

NVIDIA



Tools Extension API

NVTX




NVIDIA Tools eXtension
NVTX v3

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 1s 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:
nvtxRangekEnd (handle) ;

* NvtxSimpleV3 Domain 0

simple_nvtxRangeStart... simple_nvtxRangeStartEn...
Start & End -
simple_nvtxRangeStartEnd..
v Categories

v Start-End Ranges [2]

simple_nvtxRangeStart... simple_nvtxRangeStartEn...

Start & End

simple_nvtxRangeStartEnd..

Push-Pop Ranges [3]

Normal Marks [1]

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

<A NVIDIA. I


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

NVIDIA SDKs and NVTX

Advanced profiling and performance visualization

Math Libraries Deep Learning Libraries Comm. Libraries RAPIDS

NVSHMEM

CUSPARSE DeepStream

cuSOLVER TensorRT cuFile

CUBLAS

<ANVIDIA. I



Profiling DL Models

Pytorch

O
O
O
O

DNN Layer annotations are disabled by default
++ "with torch.autograd.profiler.emit_nvtx():”
Manually with torch.cuda.nvtx.range_(push/pop)
TensorRT backend is already annotated

Tensorflow

O
O

Annotated by default with NVTX in NVIDIA TF containers
TF_DISABLE_NVTX_RANGES=1 to disable for production



Nsight Compute




v GPU Speed Of Light

High-evel overview of the utilization for compute and memory resources of the GPU. For each unit, the Speed Of Light (SOL) reports the achieved perce]
High-evel overview of the utilization for compute and memory resources of the GPU presented as a roofline chart.

- [ SOL SM [¥] 59.93 (-6.20%) | Duration [usecond]
N ht C t SOL Memory [%] 64.50 (-6.38%) | Elapsed Cycles [cycle]
s I g o m p u e SOL L1/TEX Cache [¥] 26.92 (-5.33%) | SM Active Cycles [cycle]
SOL L2 Cache [¥] 64.50 (-6.38%) | SM Frequency [cycle/nsecond]

SOL DRAM [%] (+84.34%) | DRAM Frequency [cycle/nsecond]

Kernel Profiler e

Key Features:

Speed Of Light [%]

o ' deb ' d k I filing
I nte ra Ct Ive C U DA A P I e u g g I n g a n e r n e p ro I I n inst_executed [inst] 63,021,056 (284 instances)
. . . |1tex__data_bank_conflicts_pipe_lsu_mem_shared_op_ld.sum 0
® B u I |t— I n r u | eS eX p e rt I Se |1tex__data_bank_conflicts_pipe_lsu_mem_shared_op_st.sum 0
|1tex__data_bank_reads.avg.pct_of _peak_sustained_elapsed [%] 9.66
. . . |1tex__data_bank_writes.avg.pct_of_peak_sustained_elapsed [%] 3.23
¢ FU | Iy C U Sto m I Za b | e d ata C O | | e Ct I O n a n d d I S p | ay |1tex__data_pipe_lsu_wavefronts.ava.pct_of _peak_sustained_elapsed [%] 46.16
|1tex__data_pipe_lsu_wavefronts_mem_shared_cmd_read.sum 25,165,824
o d d I g litex__data_pipe_lsu_wavefronts_mem_shared_cmd_read.sum.pct_of_peak_sustained_active [%] 40.75
C O m m a n L I n e’ Sta n a O n e’ I D E I nt e rat I O n ’ R e m Ot e I1tex__data_pipe_lsu_wavefronts_mem_shared_cmd_write.sum 2,097,152
Ta rg et S l1tex__data_pipe_lsu_wavefronts_mem_shared_cmd_write.sum.pct_of_peak_sustained_active [%] 3.40
l1tex__data_pipe_tex_wavefronts.ava.pct_of peak_sustained_elapsed [%] 0

I1tex__f wavefronts.ava.pct_of _peak_sustained_elapsed [%] 0.00
l1tex__Isu_writeback_active.ava.pct_of peak_sustained_elapsed [%] 42.59
[1tex__ lsu_writeback_active.sum [cyde] 27,803,648

. . . [1tex__Isu_writeback_active.sum.pct_of _peak_sustained_active [%] 45.03

¢ O S . I_I n U X (X8 6, POW@ r, Te g ra y A r m S BSA) y WI n d OWS, I1tex__Isuin_requests.avg.pct_of _peak_sustained_elapsed [%)] 66.00
[1tex__m_l1tex2xbar_req_cydes_active.avg.pct_of _peak_sustained_elapsed [%] 3.40

m a C O S X (h O St O n Iy) [1tex__m_|l1tex2xbar_write_bytes.sum [Mbyte] 4.19
[1tex__m_l1tex2xbar_write_bytes_mem_global_op_red.sum [byte] 0

*GPUs: Volta+
1003
14003 [ —T

L 1001349
ML 1,401,349

[
!
[

ISETP.GE.U32.

*Docs/product: https://developer.nvidia.com/nsight- 0003 75,

IMAD.X R7, 8 1,401,344
CO m Dute ISETP.GE.U32.AND.EX 1,401,344

.E.U8 [ 1,
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3 3
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3 3

ISETP.GE.U32.AND

Hﬁ@H!H R
N Lo I ) e£=:£::&bltj

3 3

IADD3.X RS,

s
oy

3 3

IMAD.X R7,

~J
—

3 3

HIERIEIEIEE
wllwllwllwlw|lw
wllw|lw||lw|lv|lv
SN NSNS
Ellrllrllrlle]-
pinlinlinlinlin
Do)l

ISETP.GE.U32.AND.EX ) b

[
![EI ® _LH!I”EI

AR

.E.U8 [ 1

(=
w
0
~J
[y
n
(]

3 3


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

Nsight Compute GUI Interface

File Connection Debug Profle Tools Window Help

o) Connect
) old_2_fusion_on_softmax.nsight-cuprof-report * X

Page: Details ¥  Process: All ¥ Launch: 0 -64291 - softmax_compute_kernel v  AddBaselne ~  Apply Rules Copy as Image ~

Current 64291 - softmax_compute_kernel (1966... Time: 15.65usecond Cycles: 16,235 Regs: 28 GPU: Tesla V100-5XM2-16GB  SM Frequency: 1.04 cyde/nsecond CC: 7.0 Process: [944] python3.5 ® & ©

o/

v GPU Speed Of Light A\ SOL Chart x O

High4evel 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 maximum.
SOL SM [¥%)
Memory [%]
TEX [¥%]
L2 [%]
FB (%)

.88 | buration [usecond]

Elapsed Cycles [cycle]

SM Active Cycles [cycle]

SM Frequency [cycle/nsecond]

Memory Frequency [cycle/usecond]

GPU Utilization

Memory [%]

0.0 - - - - 50.0
Speed Of Light [%]

Recommendations

A  Bottleneck [Warning] This kernel exhibits low compute throughput and memory bandwidth utilization relative to the peak performance of this device. Achieved compute throughput and/or memory bandwidth below
60.0% of peak typically indicate latency issues. Look at *Scheduler Statistics™ and "Warp State Statistics™ for potential reasons.

» Compute Workload Analysis 0O

Detailed analysis of the compute resources of the streaming multiprocessors (SM), induding the achieved instructions per dock (IPC) and the utilization of each available pipeline. Pipelines with very high utilization might limit the overall
performance.

Executed Ipc Elapsed [inst/cycle] 1.83 | SM Busy [%¥]
Executed Ipc Active [inst/cycle] 2.44
Issued Ipc Active [inst/cycle] 2.46

61.39
Issue Slots Busy [¥] 61.39

<ANVIDIA.




v Memory Workload Analysis All

Detailed analysis of the memory resources of the GPU. Memory can become a limiting factor for the overall kernel performance when fully utilizing the involved hardware units (Mem Busy), exhausting the available communication
bandwidth between those units (Max Bandwidth), or by reaching the maximum throughput of issuing memory instructions (Mem Pipes Busy). Detailed chart of the memory units. Detailed tables with data for each memory unit.

Memory Throughput [Gbyte/second]

L1 Hit Rate [¥]
L2 Hit Rate [%]

24,58 K Inst

43.01K Inst

0.00 Inst

0.00 Inst

110.59 K Inst

18.43KReq

310.08 | Mem Busy [%*]
46.75 | Max Bandwidth [%
94.03 | Mem Pipes Busy [

)
%]

Memory Chart

6.14KReq

12,29 KReq

36.86 KReq

»-

Unified Cache - L2 Cache

>

46.75 % 94.03 %

0.00 Req

0.00Req

65.29KReq

System Memory
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»  Shared

'_Shared Memory

49.15KReq

Shared Memory

Shared Load
Shared Store
Shared Atomic

Instructions
61,440
49,152
0

Requests
65,289
49,152

% Peak
6.59
4,96

Bank Conflicts
3,608
0

Total

Global Load Cached
Global Load Uncached

| arall Asd Carhad

110,592

Instructions
18,432

114,441

SM->TEX Requests
18,432

12 2202

S
First-
% Peak

3,698
Level (Unified) Cache

Hit Rate TEX->L2 Requests % Peak

66.65

L2->TEX Returns

12

-

00
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Instructions Executed Sampling Data (Not Issued)

# Source Sampling Data (All) * # Source Sampling Data (All) Instructions Executed “*
234 DType, OType> 133 BSYNC B®
235 __global__ (DType *in, OType *out, index_t M 134 NOP
236 Shape<ndim> sshape, Shape<ndim> 135 BAR.

237 temperature) { 136 ISETP.GT.
238 X_size = 1 << x_bits; 137 BSSY B1,
239 __shared__ AType smem[x_size]; 138 ISETP.GT.
240 index_t sa = stride[axis]; 139 ISETP.GT.
241 index_t base = (blockIdx.x, sshape, stride); 140 ISETP.GT.
242 index_t x = threadIdx.x; 141 U

243 142 U
244  red:: (smem[x]); 143 [

245 (index_t i = x; 1 < M; 1 += x_size) { 144 FMNMX
246 smem[x] = :: smem[x], negate ? -in[base + i*sa] : in[base + 1i*s 145 [

146 NOP

248 (); 147 BAR.

cudac Baducaincned: imaximum, x_bits>(smem); 148

;

B

B el

o
[
3

; Total Sample Count: 111 |
(R Barrier: 43 (38.7%)

Mio Throttle: 21 (18.9%)
Not Selected: 8 ( 7.2%) FMNMX
(smem[x]); Selected: 7 ( 6.3%) (
DType val; Short Scoreboard: 16 (14.4%) NOP
(index t 1 = x; 1 < M; 1 += x_size) { Wait: 16 (14.4%) BAR.

val = negate ? -in[base + i*sa):in[base + i*sa)l;

!u—a
=

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

\»
/2

cuda: :ReducelD<red: :sum, X bits>(smem):
();
ATYype Ssum = Sme

OF

FMNMX

[

N
@

O OSSO = O o8 ©
lc\
i
b B3

£

NOP
U
U
[
FMNMX

[

(index_t i =
val = negate ? -i1n[base + 1*sa] : 1n[base + 1*sa];

[y
o
=y

HIE

out[base + i*sa] = ((val - smax)/ <DType>(temperat
NOP

:

w
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Kernel profiles with nsight compute

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

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

* (Without the -k option, Nsight Compute with profile
everything and take a long time)
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Integrated Basic Trace from Nsight Systems [c—

File Connection Debug Profile Tools Window Help
<) Connect Baselines Metric Details

Project Explorer < Report1 X

= Timeline View G

« Use "System Trace” activity @ nystncu
B Report 1.nsys-rel ~ CUDA HW (0000:2d:00.0 - NVIDI/ S ——.

in the connection dialog R L [
» 100.0% MatrixMulCUDA : bid MatrixMulC bid MatrixMulC

Memory
10

- ldentify long kernels or 7] matru
runtime libraries 1081 px; 0 msec Fit to screen

Com lete_ bou nd CUDA API Undo Zoom (5) Backspace [N
bOtt | e n eC kS 1081 ny- O meoe Reset Zoom

File Connection Debug Profile Tools Window Help rl+P

Profile Kernel

Copy ToolTip

Copy Current Time

<] Connect Baselines Metric Details

Project Explorer ‘ sport 1 X @h reportl.ncurep * X

® R | g ht— C | | C k ke I n el | n Page: Details v Result: 0- 15-MatrixMulCUDA + Y ~ AddBaseline ~ ApplyRules Occupancy Calculator

i nsys+ncu Result Time Cycles Regs GPU SM Frequency

tl m e | I n e tO q U I C kly | a U n C h B Report 1.nsys-rep Current 15- MatrixMulCUDA (20, 10, 1)x(32,32,1) 1.53 msecond 20,86,097 31 0 - NVIDIA GeForce RTX 2080 Ti  1.36 cycle/nsecont

{h reportl.ncu-rep

p rOfI I e » GPU Speed Of Light Throughput

High-level overview of the throughput for compute and memory resources of the GPU. For each unit, the throughput reports the achieved percentage of utilizat
for each individual sub-metric of Compute and Memory to clearly identify the highest contributor.

Compute (SM) Throughput [%] 68.45 Duration [msecond]
Memory Throughput [%] 6.38 Elapsed Cycles [cycle]

[ N S I g ht C O m p u te L1/TEX Cache Throughput [%] 8.38 SM Active Cycles [cycle]

L2 Cache Throughput [%] 0.57 SM Frequency [cycle/nsecond]

a U to m at i Ca I Iy fi |te rS to DRAM Throughput [%] 0.29 DRAM Frequency [cycle/nsecond]

Compute is more heavily utilized than Memory: Look at the section to see what the compu;

S e | e Ct e d ke r n e I A HighComputs Throughput computation is redundant and could be reduced or moved to look-up tables.

» Memory Workload Analysis
<2 NVIDIA

Detailed analysis of the memory resources of the GPU. Memory can become a limiting factor for the overall kernel performance when fully utilizing the involveg
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Source Table for Inline Functions |iGPU: |

* Metrics can be analyzed per inline site or aggregated for the entire function

« Use compiler --lineinfo flag to generate symbols

Source: inlineTest2cu + [ Navigation: Instructions Executed v viAllo]||18 (42

Live Instructions irp Stall Sampling irp Stall Sampl *
# Source Registers Executed (All Cycles) Jot-issued Cycl

2 __forceinline device__

i = a/b; 14 (48000 B
a += 1;

a + b:

2,000 1|

Inline Functions

Inline Function Live Instructions irp Stall Sampling irp Stall Sampling
# Source Address Registers Executed (All Cycles) Jot-issued Cycles)

22 b[i] = add2(a[i], b[il); 0000732 b2fbl1ae 24,000 __
25 b[i] = add2(a[i], b[il); eeee7f32 b2fb13se [ 11 [ 24000 [ 727

<A NVIDIA. I



Hopper Thread Block Clusters

* Enables programmatic control of locality at a granularity larger than a single thread block on
a single SM

* Clusters enable multiple thread blocks running concurrently across multiple SMs to
synchronize and collaboratively fetch and exchange data.

* For more information on Thread Block Clusters see:

* CUDA: New Features and Beyond
« CUDA Programming Model for Hopper Architecture

Grid with Clusters (H100)
Thread Block Cluster Thread Block Cluster

i




Hopper Thread Block Clusters in Nsight Compute |:ru

File
o) Connect

Connection Debug Profile Tools Window Help

Baselines

£h cask.ncu-rep X

Page: Details v Result: 2-26908 - warp_specialized_kernel«¥ Y ~ AddBaseline ¥ ApplyRules Occupancy Calculator Copy as Image ~

Result Time Cycles Regs GPU SM Frequency cC

Current 26908 - warp_specialized_kernel_gmma_utmaldg (1, 2, 1)x(70, 2, 1)x(384, 1, .. 88,992.00 nsecond 142,518 168 0-NVIDIA Graphics Device 1,597,445,556.90 cycle/second 9.0
» Launch Statistics O
Cluster Size 2.00 Cluster Scheduling Policy cudaClusterSchedulingPolicySpread
Grid Size 140.00 Registers Per Thread [register/thread] 168.00
Block Size 384.00 Static Shared Memory Per Block [byte/block] 0.00
Threads [thread] 107,520.00 Dynamic Shared Memory Per Block [byte/block] 218,368.00
Waves Per SM 1.00 Driver Shared Memory Per Block [byte/block] 1,024.00
Function Cache Configuration cudaFuncCachePreferNone Shared Memory Configuration Size [byte] 233,472.00
» Occupancy )
Theoretical Occupancy [%] 18.75 Block Limit Registers [block] 1.00
Theoretical Active Warps per SM [warp] 12.00 Block Limit Shared Mem [block] 1.00
Achieved Occupancy [%] 15.56 Block Limit Warps [block] 5.00
Achieved Active Warps Per SM [warp] 9.96 Block Limit SM [block] 32.00
Max Cluster Size 16.00 Max Active Clusters 70.00
» Source Counters O
Branch Instructions [inst] 1,576,420.00 Branch Efficiency [%] 99.86

Branch Instructions Ratio [%] 0.05 Avg. Divergent Branches 4.00

< NVIDIA



New Documented Samples

Working to Ease the Complexity of Performance Optimization

- Packaged with Nsight Compute installation
* Includes reproducible instructions, descriptions, pre-collected results, and source code
« Explaining common performance issues in CUDA applications

Uncoalesced Global Accesses and Shared Memory Bank Conflicts

Chap er 4. Q)NVlDlANsight(ompute

Fil ion Debug Pr Tools Window Help

INITIAL VERSION OF THE KERNEL

#h addConstDouble3.ncu-rep [RO] %

Chapter 5.
UPDATED VERSION OF THE KERNEL

Page: Details ¥ | Result: 0- 494-addConstDouble3 v Y ~ AddBaseline ¥ ApplyRules [& Occupancy Calculator Copy as Image ~

Result Time Cycles Regs GPU SM Frequency CC Process
Current 494 - addConstDouble3 (4096, 1, 1)x(25.. 294.34 usecond 164,711 16 0- NVIDIA RTX A2000 559.59 cyi ond 86 [2489696] uncoalescedGlobalAcc

» Memory Workload Analysis

GPU. Memory can bec: fi fi erne formance when fully u ng the involved hardware units (A
nits (Max Bandw 2achi e uing memory instructions (Mem Pipes Busy). Deta
units. Detailed tables with data for each memory unit.

Memory Throughput [Gbyt: nd] 166.44
63.10
66.75 Mem Pipes Busy

The initial version of the sample code provides a naive implementation for the B L2 Compression Ratio Considering the uncoalesced accesses reported by the profiler we analyze the global
which adds a floating point constant to an input array of double3. e memory access pattem for global o : timal. On aver el a 8.0 bytes per thread per load access pattern. Each thread executes 3 reads for the three double values in double3.

rs pel u 4.0*3:
We can treat the double3 array as a double array and each thread can process one double
fmebend oL Hdouble3. With this change threads in a warp access consecutive double

—global__ void addConstDoubled (int numElements, doubled *d_in, double
double2 *d_out)

{ - o
int index = blockIdx.x * blockDim.x + threadIldx.x: loads and stores are coalesced.
if (index < numElements) | S oo .
{ o ' ple3 double3
doubleld a2 = d_‘.:‘. {index] ; ’h addConstDouble3.ncu-rep [RO] X
a.x += ks :
a.v == k; o LR E Sy Page: Source ~ | Result: 0- 494-addConstDouble3 v ¥~ |AddBa e ~ ApplyRules [ Occupancy Calculator Copy as Image ~ | Global Men'\Ol'y
a.z += ks Result Time Cycles Regs GPU SM Frequency CC Process l x I x I y ) o o
d_out [index] = a7 Current 494 - addConstDouble3 (4096, 1, 1)x(256, 1, 1) 294.34 usecond 164,711 16 0- NVIDIA RTX A2000 559.59 cycle/usecond 8.6 [2489696] uncoalescedGlobalAccesses y
}
¥ View: 'Source and SASS ~ 1 6 I
n‘e instructiona = d'—J"n [m] m the kemel code results m eaCh thread m Source: obalA Source: addConstDouble3 ~ B tz Global Memory LoadS

accessing global memory 24-bytes apart. In the first step all threads request a loaad

. N A : R Navigation: L2 Theoretical Sectors Glo Kcessive ~ & 18IE & Navigation: L2 Theoretical Sectors Global Ex: e
for d_in[index] .x as shown in the following diagram. In the second step a load for | :
L. . . . . . ests oretical Sectors * oretical Sectors *
d_in[index] .y and in the third step a load for d_in[index] .z is made by all threads. # Source obal ilobal Excessive # Address Source ilobal Excessive
d bl 3 b 25 __global__ nunElements, doubl 2 80EO7F3d 64fblble
ouble double3 1 3 000O7F3d 64Fb1b20
- S 3 . A S .
| index = blockIdx.x * blockDim.x + threadIdx.x; B8007F3d 64fblb30 addConstDouble (int numElements, double *d_in, double k; double
| Global Memory 28 (index < nunElements) 5 08807F3d 64Fblb40 ISETP. GE. AND ,
6 00007f3d 64fb1b56 blockIdx.x * blockDim.x + threadIdx.x:
I X I Yy X I Yy X I Yy © & o 30 double3 a = d_in[index]; 824 [ 572864 | 7 80807F3d 64Fblbsd MOV R11, : nunZlements)
0 24 3 a.x += k; 3 800073d 64fb1b70 uLDe L
| I 48 | Ay += k; 9 80007F3d 64fb1b8 IMAD.WIDE R2, R18, Ril, index] = d_in[index] + k;
33 a.z += k; B 80007F3d 64Fh1b%0 .E ,
t0 t1 t2 Global Memory Loads 3 d_out[index] = a; 824 1572864 1 80807F3d 64fblbal .E ,
l l l 35 006073d 64fb1bbe E ,
00007f3d 64fblbce IMAD.WIDE , : Hated kernel
080073d 64fb1bde DADD R4, R4, -
.. n ) .
Devlools Coripute Mgk, 43/ et has reduced from 294 microseconds to 239 microseconds. We can set
Profile the initial version of the kernel A = initial version of the kemel and compare the profiling results.

» Refer to the README distributed with the sample on how to build the application
» Runncu-ui on the host system

<ANVIDIA.
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Source Page Guidance

- Branch Navigation

* Quickly jump to target of branch instructions

16 #include <=stdio.h>

#include =cuda_runtime_api.h=>
3 #idefine ELOCH_5IZE 256
#define RUNTIME_API_CALL(apiFuncCall)

i

cudaError_t _status = apiFuncCall;

(_status != cudaSuccess) {
[ Rules Markers (stderr, "%s:%d: error: function
26 __FILE__, __LINE__, #apiFuncCal
- Automated analysis and rules output per source line : (EXIT_FATLURE);

* Quick detection and navigation to lines that matter
- Explanation of detected issues

5 __global__ i numElements

f
index = blockIdx.x * blockDim.x + thre

(index < numElements)

double3 a = d_in[index];

1. This line has 524288 excessive sectors from
uncoalesced global accesses at SASS address

0x7f3d64fb1b90.

1. This line has 524288 excessive sectors from
uncoalesced global accesses at SASS address

0x7f3d64fb1ba0.

I\This line has 524288 excessive sectors from
uncoalesced global accesses at SASS address

0x7f3d64fb1bbo.

numElements

index = blockIdx.x * blockDim.x + threa

aeeaT3d

2 QReaTr3d
2 oeeeTs3d

QeeaT3d

S BeeeTf3d
6 QeaeTf3d
7 0EEeTF3d
B BEEeTF3Id
O QEAeTFId
20 BeEeTF3d

QeeaT3d

27 pReRTF3Id
23 EReETF3d

oeaaTF3d

25 @EeeT7+F3d
26 BREOTFId
27 BeEeTF3d
25 @EeeT+F3d
20 PREOTFId
10 BeEOTF3d

oeaaTF3d

22 0eEeTf3d

elUfblbad
&4fblbbe
e4fblbce
6Ufblbd@
&4fblbaB
e4dfblbfe
64fblcBB

6UFblcEe
6UFblcoe
6UFblca®
6UFblch®
6Ufblcce
6UFblcde®
6Ufblced
6UFblcfe
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ID

219
106
109
288

92

77
258

79
207
275
150

+ Estimated speedup potential calculated for detected issues

Potential Speedup Calculations

* Sort kernels based on potential speedup

* Helps users understand where to focus effort and potential benefit

Potential Speedup ~ Issues Function Name Demangled Nam Duration

18.
16.
16.
15.
15.
1S5.
15.
15.
14.
14.

42
43
24
79
47
45
41
28
14
o4
14

7

S DR R B I B I B I B

bitonicMerge...
bitonicMerge...
bitonicMerge...
bitonicMerge...
bitonicMerge...
bitonicMerge...
bitonicMerge...
bitonicMerge...
bitonicMerge...
bitonicMerge...
bitonicMerge...

bitonicMerge...

bitonicMerge...

bitonicMerge...
bitonicMerge...
bitonicMerge...
bitonicMerge...
bitonicMerge...
bitonicMerge...
bitonicMerge...
bitonicMerge...
bitonicMerge...

a4,
43.
42.
42.
42.
43.
uy.
u3.
42.
42.
uy.

29
68
82
66
78
30
38
55
88
85
96

Compute Throughpu Memory Throughput # Registers
88.
89.
89.
90.
89.
90.
88.
88.
88.
88.
88.

11.
B &
11.
1L
13
11.
L
11.
* b 2
11.
L ES

Discovered performance optimization opportunities for this result. See the Details page for more info.

Issue Slot Utilization

Potential Speedup: 16.48x

long_scoreboard

Potential Speedup: 5.19x

19
36
27
ug
28
43
23
21
24
12
08

93
84
30
66
41
43
65
65
36
76
75

Device Name

NVIDIA GeFor...
NVIDIA GeFor...
NVIDIA GeFor...
NVIDIA GeFor...
NVIDIA GeFor...
NVIDIA GeFor...
NVIDIA GeFor...
NVIDIA GeFor...
NVIDIA GeFor...
NVIDIA GeFor...
NVIDIA GeFor...

Process

[1117161] sorting...
[1117161] sorting...
[1117161] sorting...
[1117161] sorting...
[1117161] sorting...
[1117161] sorting...
[1117161] sorting...
[1117161] sorting...
[1117161] sorting...
[1117161] sorting...
[1117161] sorting...

Grid Size
2048,
2048,
2048,
2048,
2048,
2048,
2048,
2048,
2048,
2048,
2048,

iGPU |

Block Size
256,
256,
256,
256,
256,
256,
256,
256,
256,
256,
256,

0 |l ol | ol ol I ]| ol | o

Every scheduler is capable of issuing one instruction per cycle, but for this kernel each scheduler only issues an instruction every 16.5 cycles. This might leave hardware resources underutilized and
may lead to less optimal performance. Out of the maximum of 12 warps per scheduler, this kernel allocates an average of 8.28 active warps per scheduler, but only an average of 0.09 warps were

eligible per cycle. Eligible warps are the subset of active warps that are ready to issue their next instruction. Every cycle with no eligible warp results in no instruction being issued and the issue slot
remains unused. To increase the number of eligible warps, reduce the time the active warps are stalled by inspecting the top stall reasons on the

sections.

and

On average, each warp of this kernel spends 110.1 cycles being stalled waiting for a scoreboard dependency on a L1TEX (local, global, surface, texture) operation. Find the instruction producing the
data being waited upon to identify the culprit. To reduce the number of cycles waiting on L1TEX data accesses verify the memory access patterns are optimal for the target architecture, attempt to
increase cache hit rates by increasing data locality (coalescing), or by changing the cache configuration. Consider moving frequently used data to shared memory.. This stall type represents about
80.7% of the total average of 136.4 cycles between issuing two instructions.

<A NVIDIA. I



Putting it all together




Q = O =
O = O =
o — O —

From the Macro to the Micro

Putting it all together

<ANVIDIA. I



From the Macro to the Micro

Putting it all together

6s v +750ms +800ms +850ms +900ms +950ms
s MPI_Bcast
IB Bytes received Begins: 0,164935s
IB Bytes sent Ends: 0,165045s (+109,210 ps)
0 0 — IB Send waits s e
Bytes sent: 0
O = O = P Bytes received: 4
» NIC-2 SN Root: 0
o o b NIC-3 4448 MPI_COMM_WORLD

I I Duration (s) ooz

GPUE

<A NVIDIA. I



From the Macro to the Micro

Putting it all together

O == O =
O = O =
O = O =

:GPU:

+950ms

MPI_Bcast
Begins: 0,164935s

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

o

Bytes sent: 0

Bytes received: 4
Root: 0
MPI_COMM_WORLD

~ [532] python
~ Threads (21)
» [532] python

~ [566) CaffeTaskThre
OS runtime librarie
CUDA AP

~ [558] CaffeTaskThre
OS runtime librarie
CUDA API

~ [562] CaffeTaskThre
OS runtime librarie
CUDA API

~ [561] CaffeTaskThre

OS runtime librarie -«

CUDA API

6s v +750ms +800ms +850ms +900ms
NIC-0
IB Bytes received
IB Bytes sent
IB Send waits
NIC-1
NIC-2
4 6 8 10 12 NIC-3
Duration (s) onuiiocy
‘ v 0Os 0.2s 0.4s 0.6s 0.8s
i v CPU(12)
| (R — | ~ mCPUB | WY WYy aeyn s 'R
T m 188K “-**" CPU Cycles
! —
| mmEid i Instructions -
8K —w-m! » CPU1 TR TSP TN T WINNY SRy 1 PN D e
st IRl e S e S

| » mCPUS

1 duls

L]

e 8,

<A NVIDIA.



:GPU:

From the Macro to the Micro

Putting it all together

4 6

Duration (s)

NIC-0
IB Bytes received
IB Bytes sent
IB Send waits
NIC-1
NIC-2
NIC-3

P AW 7. V-2

+750ms

+800ms +850ms +900ms

6s ~

+950ms

MPI_Bcast
Begins: 0,164935s

Bytes sent: 0

Bytes received: 4
Root: 0
MPI_COMM_WORLD

~ [532] python

~ Threads (21)
» [532] python

- 1566 CaffeTaskThre | IR
0OS runtime librarie
CUDA API

- [558] CaffeTaskThre § | | &

OS runtime librarie ptivesd_mate
CUDA API
~ [562] CaffeTaskThre

v CPU(12)
v mCPUS

S 0.2s 0.4s 0.6s 0.8s

| WY WYsam ey T

CPU Cycles

OS runtime librarie
CUDA API
~ [561) CaffeTaskThre . .

0S runtime librarie ptheead_n ptrres:

CUDA API

Instructions

CPU1

| » mCPUS

J.'..lIL.lL..LA..l.l-LLl.j......_.j_l.-.L.H-IAAMM-...J.AJIJIIJAH;.
st IRl e S e S

1 duls

L]

e 8,

v CUDA (Tesls P100-SXM2-16G8)

v Stream 174

Memory
Vv Kernels

maxwell_fp16_scudnn_fp16_12

Vv Stream 12

v Kernels
AllReduceKernelSmall

AllReduceKernel

24.58 K Inst

¥ SM Instructions
SM Issue

Tensor Active

» SM Warp Occupancy .

110.59 K Inst

18.43KReq

6.14KReq

12.29 KReq

36.86 KReq

0.00 Req

Shared Memory

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

<A NVIDIA.



From the Macro to the Micro

Putting it all together

6s ~ +750ms +800ms +850ms +900ms +950ms
v NIC-0 MPI_Bcast
IB Bytes received Begins: 0,164935s
IB Bytes sent Ends: 0,165045s (+109,210 ps)
o - o - IB Send waits
Bytes sent: 0
O = O = Faea Bytes received: 4
» NIC-2 == _ P Root: 0
o — O = » NIC-3 i MPI_COMM_WORLD

I I Duration (s) ooz

~ (532] python L=
~ Threads (21) v Os 0.2s 0.4s 0.6s 0.8s
» [532] python
- 1566] CafteTaskthre_ | [ v CPU(12)
0OS runtime librarie ptn pehvead |
CUDA AP (e et CoANStreamSyTehrons | bBeg
cssoicomeresrve 1] B | (SRS | ~ mCPUB | YR Wrmm o aeien sy T
o (— 0S runtime librarie ptrvead_mute penread ot |
CUDA API I 08K e CPU Cycles
~ [562] CaffeTaskThre | I
0S runtime librarie e Tk ;
CUDA API Instructions
- 561] CaffeTaskThre__ [} i i R S
OS runtime librarie -« pheead_n pthvesd__ | [pthre
CUDA API 8 K m' ’ CPU1 a.l..-L.ll...l_.l..-.I.LL-L.HIJ...L.MMJMM.._LJ-JIM
I
| » mCPUS
v CUDA ‘:TC‘JJ‘,'O: 5”.1: "3-3 s ' 3 g s , {7 g g .‘&’ 18.43KReq
v Stream 174 6.14KReq
M ¥ SM Instructions
icmory e 12.29 KReq
43.01K Inst
4
. n—
Vv Kernels SM Issue 36.86 KReq o 384.38 KB
Unified Cache ¢ =
maxwell_fp16_scudnn_fp16_12 Tensor Active STl
Vv Stream 12
'
v Kernels . 0.00 Re
I : » SM Warp Occupancy ' UG 0o o S| ——
AllReduceKernelSmall 0.00Req
AllReduceKernel 110.59 K Inst 65.29KReq -
Shared Memory
49.15KReq

'« Memory Workload Analysis All v O
ry ly: Sampling Data (Not Issued)

Detailed analysis of the memory resources of the GPU. Memory can become a limiting factor for the overall kernel performance when fully utilizing the
involved hardware units (Mem Busy), exhausting the available communication bandwidth between those units (Max Bandwidth), or by reaching ihe
maximum throughput of issuing memory instructions (Mem Pipes Busy). Detailed chart of the memory units. Detailed tables with data = Source Samphng Data (A")

unit Pipe Utilization (% of peak instructions exe 133 BSYNC B
Memory Throughput [Gbyte/second] 166.44 Mem Busy [%]

4 NOP
L1/TEX Hit Rate [%] 63.10 Max Bandwidth [%] 25.0 0.0 13 o

L2 Hit Rate [%] 66.75 Mem Pipes Busy [%] 135 BAR.

L2 Compression Success Rate [%] 0 L2 Compression Ratio ALU 136 ISETP.GT.AND

GPUE

The memory access pattern for global loads in L1TEX might not be optimal. On average,§ ) wc 137 BSSY B1,

accesses 8.0 bytes per thread per memory request; but the address pattern, possibly caus 138 ISETP.GT.AND

stride between threads, results in 24.0 sectors per request, or 24.0*32 = 768.0 bytes of cag B e b sl ke it Bt i e e s 1 G
transfers per request. The optimal thread address pattern for 8.0 byte accesses would res|

8.0*32 = 256.0 bytes of cache data transfers per request, to maximize L1TEX cache perfol FMA @2 n‘"DIA-

Check the section for uncoalesced global loads.

A\ L1TEX Global Load Access Pattern



Additional Resources




OpenHackathons.org

@ SK(E:IQATHONS Events Attendees Mentors About OpenACC Search... Log In
Cyfronet Al for Science CESGA Al for Science NASA Open Hackathon
On Bootcamp Bootcamp

ica

Dates: September 11-12, 2023
Event Focus: Al

Event Format: Virtual Event
Region: Europe/Middle East/Africa
Application Status: Open

CSCS Open Hackathon

Dates: September 18-22, 2023
Event Focus: HPC+AI

Event Format: In-Person Event
Region: Europe/Middle East/Africa
Application Status: Closed

Dates: September 18-19, 2023
Event Focus: Al

Event Format: Virtual Event
Region: Europe/Middle East/Africa
Application Status: Open

NERSC Al for Scientific
Computing Bootcamp

Dates: October 18-20, 2023

Event Focus: Al

Event Format: Virtual Event

Region: North America/Latin America
Application Status: Open

Dates: September 12-21, 2023

Event Focus: HPC+AI

Event Format: Virtual Event

Region: North America/Latin America
Application Status: Closed

NSM Open Hackathon

Dates: October 10-20, 2023
Event Focus: HPC+AI

Event Format: Hybrid Event
Region: Asia-Pacific
Application Status: Open

WL IIVIUIA. I



Developer Tools Across GTC

Sessions
: From the Macro to the Micro - CUDA Developer Tools Find and Fix Problems at Any Scale
: Optimizing at Scale: Investigating and Resolving Hidden Bottlenecks for Multi-Node Workloads
: Become Faster in Writing Performant CUDA Kernels using the Source Page in Nsight Compute
: Debugging CUDA: An Overview of CUDA Correctness Tools
: Orin Performance Bodybuilding with Nsight Developer Tools
: Jetson Edge Al Developer Days: Getting the Most Out of Your Jetson Orin Using NVIDIA Nsight Developer Tools

Labs

: Master Common Optimization Patterns Efficiently with Nsight Profiling Tools
: Debugging and Analyzing Correctness of CUDA Applications
: Ray-Tracing Development using NVIDIA Nsight Graphics and NVIDIA Nsight Systems

Connect with Experts

: What's in Your CUDA Toolbox? CUDA Profiling, Optimization, and Debugging Tools for the Latest Architectures
: Using NVIDIA Developer Tools to Optimize Ray Tracing

Developer Tools are free and packaged in the latest version of the CUDA Toolkit
Support is available via:

More information at:

NVIDIA


https://www.nvidia.com/gtc/session-catalog/?tab.catalogallsessionstab=16566177511100015
https://www.nvidia.com/gtc/session-catalog/?tab.catalogallsessionstab=16566177511100015
https://www.nvidia.com/gtc/session-catalog/?tab.catalogallsessionstab=16566177511100015
https://www.nvidia.com/gtc/session-catalog/?tab.catalogallsessionstab=16566177511100015
https://www.nvidia.com/gtc/session-catalog/?tab.day=20230320
https://www.nvidia.com/gtc/session-catalog/?tab.catalogallsessionstab=16566177511100015i
https://www.nvidia.com/gtc/session-catalog/?tab.catalogallsessionstab=16566177511100015
https://www.nvidia.com/gtc/session-catalog/?tab.catalogallsessionstab=16566177511100015
https://www.nvidia.com/gtc/session-catalog/?tab.catalogallsessionstab=16566177511100015
https://www.nvidia.com/gtc/session-catalog/?tab.catalogallsessionstab=16566177511100015
https://www.nvidia.com/gtc/session-catalog/?tab.catalogallsessionstab=16566177511100015
https://developer.nvidia.com/cuda-downloads
https://forums.developer.nvidia.com/c/development-tools/
https://developer.nvidia.com/tools-overview
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