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The Nsight Suite Components

How the pieces fit together

= Nsight Systems: Coarse-grained, whole-application Start here

= Nsight Compute: Fine-grained, kernel-level =
(=D
—

= NVTX: Support and structure across tools

Recheck overall
workload behavior

Recheck overall
workload behavior

= Main purpose: Performance optimization
= But at their core, advanced measurement tools

Dive into top
CUDA kernels

Dive into graphics
frames

\

Finished if
performance
satisfactory
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Deployment and Setup

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

Multiple deployed versions may already exist, as profilers come...
- ..with the CUDA Toolkit

- ..with HPC SDK
- ..standalone

Recommendation: Always install latest versions, especially for collection

All Nsight profilers available standalone - https://developer.nvidia.com/nsight-systems/get-started
- Via Website or Repositories, package managers (https://developer.download.nvidia.com/devtools/repos/)

Compatibility: https://developer.nvidia.com/nsight-systems/get-started#platforms
» Collect and Analyze via GUI
» Collect on CLI, Analyze via GUI
- Analysis GUI version >= collector version
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https://docs.nvidia.com/nsight-systems/InstallationGuide/index.html
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Nsight Systems on JEDI

Multiple deployed versions may already exist, as profilers come...
..with the CUDA Toolkit (2023.2.3 with CUDA 12 on JEDI):

A  kraus1@jpblt-s01-07:~ X .

[krausl@jpblt-s81-01 ~]$ module load CUDA

[krausl@jpblt-s81-81 ~]$% which nsys
/p/software/jedi/stages/202U/software/CUDA/12/bin/nsys

[krausl@jpblt-s81-81 ~]$% nsys ——version
NVIDIA Nsight Systems version 2023.2.3.1001-32894139vE

..with HPC SDK (2024.1.1 with 24.3 on JEDI):

A  kraus1@jpblt-s01-01:~ X .

[krausl@jpblt-s81-81 ~]% module load NVHPC/2U.3-CUDA-12
[krausl@jpblt-s81-81 ~]% which nsys
/p/software/jedi/stages/202U/software/NVHPC/20.3-CUDA-12/Linux_aarchéud/24.3/compilers/bin/nsys |

[krausl@jpblt-s81-81 ~]$ nsys ——version
NVIDIA Nsight Systems version 2024.1.1.59-2041133802077ve

..standalone (2024.4.1 on JEDI) - latest available 2024.6.1

A  kraus1@jpblt-s01-01:~ X .

[krausl@jpblt-s81-81 ~]$% module load Nsight-Systems/2024.4.1

[krausl@jpblt-s81-81 ~]$% which nsys
/p/software/jedi/stages/202U/software/Nsight-Systems/2024.4.1-GCCcore-12.3.0/bin/nsys

[krausl@jpblt-s81-81 ~]$ nsys ——version
NVIDIA Nsight Systems version 2024.4.1.61-2u44134315967vE
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Call Stack, CPU Metric, and GPU Metric Sampling

Linux kernel setting required for call stack sampling (Linux Kernel Paranoid Level ) and CPU metric
sampling (Linux Kernel Paranoid Level <= 0):

sudo sh -c 'echo kernel.perf_event_paranoid="|0 > /etc/sysctl.d/local.conf'

Linux Kernel Paranoid Level default on JUWELS-Booster and JEDI

Setting Linux Kernel Paranoid Level = 0 possible on JUWELS-Booster with slurm option: --disable-perfparanoid
Setting Kernel not to be paranoid with respect to perf

JEDI: Support will be added once ParTec software stack is integrated. If there is an urgent need contact

Some DCGM monitoring can interfere with GPU Metric Sampling, see

DCGM and CUPTI are using the same hardware profiling capabilities

JUWELS-Booster slurm option: --disable-dcgm Disable DCGM Metrics collection. This is required for
using profiling tools on the GPUs

JEDI: DCGM not running yet so not needed

A kraus1@jpblt-s01-07:~ X + []

[krausl@jpbot-001-3U4 ~]% nsys status ——environment
Timestamp counter supported: Yes

CPU Profiling Environment Check

Root privilege: disabled

Linux Kernel Paranoid Level = 2

Linux Distribution = RHEL

Linux Kernel Version = 5.14.08-U427.31.1.el9_U.aarchéu+6Uk: OK
Linux perf_event_open syscall available: OK
Sampling trigger event available: OK

Intel(c) Last Branch Record support: Not Available
Kernel module: Not Available

CPU Profiling Environment (process-tree): OK

CPU Profiling Environment (system-wide): Fail

See the product documentation at https://docs.nvidia.com/nsight-systems for more information,
including information on how to set the Linux Kernel Paranoid Level. 5
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https://docs.nvidia.com/nsight-systems/InstallationGuide/index.html#requirements-for-x86-64-power-and-arm-sbsa-targets-on-linux
https://docs.nvidia.com/nsight-systems/InstallationGuide/index.html#requirements-for-x86-64-power-and-arm-sbsa-targets-on-linux
mailto:jedi-adm@fz-juelich.de
https://docs.nvidia.com/datacenter/dcgm/latest/user-guide/feature-overview.html#concurrent-usage-of-nvidia-profiling-tools
https://docs.nvidia.com/datacenter/dcgm/latest/user-guide/feature-overview.html#concurrent-usage-of-nvidia-profiling-tools

A First (I)Nsight

Load Latest Nsight Systems
module load Nsight-Systems/2024.4.1

Use the command line

srun nsys profile --trace=cuda,nvtx,mpi --force-overwrite=true --output=my_report.%q{SLURM_PROCID} \
./jacobi -niter 10

Inspect results: Open the report file in the GUI
Also possible to get details on command line
Either add —--stats to profile command ling, or: nsys stats —--help

Runs set of reports on command line, customizable (sqglite + ):
Useful to check validity of profile, identify important kernels

Running [.../reports/ jacobi_metrics_more-nvtx.0.sqlite]...

Total Time (ns) Instances Avg (ns) Med (ns) Min (ns) Max (ns) StdDev (ns)

36750359 20 1837518.6 1838466.5 622945 3055044 1245121.7\ void jacobi_kernel
22816 2 11408.0 11408.0 7520 15296 5498 .5 \ilnitialize_boundarie
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Example: Available reports

The following built-in reports are available:

cuda_api_gpu_sum[:nvtx-name][:basel :mangled] -- CUDA Summary (API/Kernels/MemOps)
cuda_api_sum -- CUDA API Summary

cuda_api_trace -- CUDA API Trace
nsyS StatS - help_ repO rtS cuda_gpu_kern_gb_sum[ :nvtx-name][:basel :mangled] -- CUDA GPU Kernel/Grid/Block Summary
_ _ cuda_gpu_kern_sum[ :nvtx-name][:basel :mangled] -- CUDA GPU Kernel Summary
||St a” ava”able reports cuda_gpu_mem_size_sum -- CUDA GPU MemOps Summary (by Size)
cuda_gpu_mem_time_sum -- CUDA GPU MemOps Summary (by Time)
_ . " cuda_gpu_sum[ :nvtx-name] [ :basel :mangled] -- CUDA GPU Summary (Kernels/MemOps)
Example CU DA API Sum CUStOmlze to ShOW Only Stream APIS cuda_gpu_trace[ :nvtx-name][:basel :mangled] -- CUDA GPU Trace
’ cuda_kern_exec_sum[ :nvtx-name][ :basel :mangled] -- CUDA Kernel Launch & Exec Time Summary
. . . . cuda_kern_exec_trace[ :nvtx-name][:basel :mangled] -- CUDA Kernel Launch & Exec Time Trace
Cp /Opt/ﬂVld 1a/n81ght_sy8tems /2@24 . 1 . 1 /hOSt_lanX_ dx11l_pix_sum -- DX11 PIX Range Summary
- dx12_gpu_marker_sum -- DX12 GPU Command List PIX Ranges Summary
X64/reportS/CUda—ap1—Sum‘py my—CUda—Sum°py dx12_pix_sum -- DX12 PIX Range Summary
“y s mpi_event_sum -- MPI Event Summary
Editing my_cuda_sum.py, for example: npi_event_trace - MPI Event Trace

network_congestion[:ticks_threshold=<ticks_per_ms>] -- Network Devices Congestion
nvtx_gpu_proj_sum -- NVTX GPU Projection Summary
nvtx_gpu_proj_trace -- NVTX GPU Projection Trace

8@ LEFT JOIN nvtx_kern_sum[:basel :mangled] -- NVTX Range Kernel Summary

nvtx_pushpop_sum -- NVTX Push/Pop Range Summary

81 St I"lngIdS AS 1dS nvtx_pushpop_trace -- NVIX Push/Pop Range Trace
. . nvtx_startend_sum -- NVTX Start/End Range Summary
82 ON 1dS . 1d == Summa ry . nameId nvtx_sum -- NVTX Range Summary
"o o, N nvvideo_api_sum -- NvVideo API Summary

83 WHERE Name LIKE /OSt ream/o openacc_sum -- OpenACC Summary

84 ORDER BY 2 DESC opengl_khr_gpu_range_sum -- OpenGL KHR_debug GPU Range Summary
opengl_khr_range_sum -- OpenGL KHR_debug Range Summary
openmp_sum -- OpenMP Summary
osrt_sum -- 0S Runtime Summary

] . . um_cpu_page_faults_sum -- Unified Memory CPU Page Faults Summary
Running in the same way (reports from current folder picked up): um_sum[: rows=<limit>] -~ Unified Memory Analysis Summary
um_total_sum -- Unified Memory Totals Summary
nsys stats -r my_cuda_sum --timeunit ms jacobi_20624.1-0.nsys-rep O e e an APT Ty

vulkan_gpu_marker_sum -- Vulkan GPU Range Summary
vulkan_marker_sum -- Vulkan Range Summary
wddm_queue_sum -- WDDM Queue Utilization Summary

Processing [jacobi_20624.1-06.sqlite] with [./my_cuda_sum.py]...

*% CUDA API Summary (my_cuda_sum): For more information, use '--help-reports <report_name>'

1.5 38.1181 40 0.9530 0.3449 0.0023 3.1075 1.2879 cudaStreamSynchronize
0.0 0.4594 18 0.0255 0.0020 0.0018 0.4024 0.0941 cuStreamCreate

0.0 0.0925 80 0.0012 0.00009 0.0006 0.0097 0.0012 cudaStreamWaitEvent
0.0 0.0646 6 0.0108 0.0064 0.0043 0.0294 0.0098 cudaStreamDestroy

0.0 0.0492 6 0.0082 0.0026 0.0024 0.0343 0.0128 cudaStreamCreate

0.0 0.0457 2 0.0229 0.0229 0.0113 0.0344 0.0163 cuStreamDestroy_v2
0.0 0.0101 4 0.0025 0.0025 0.0022 0.0029 0.0004 cuStreamSynchronize
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System-level Profiling with Nsight Systems

Global timeline view

CUDA HW: streams, kernels,
memory

Different traces, e.g. CUDA, MP!
- correlations API <-> HW

Stack samples
bottom-up, top-down for CPU code

(GPU metrics)
Events View

looks at single process (tree)

ﬁ;‘ NVIDIA Nsight Systems 2021.4.1

File Miew Tools Help

Jacobi_metncs_no-nvix.0.nsys-rep

= Timeline View v =] Q) 1x Ay 2 warnings, 16 messages
1s ~ +850ms +900ms +950ms 25 +50ms +100ms =
» GPU (0000:03:00.0 - NVIDI2
* CUDA HW (0000:03:00.0 - + INNNENAY —
M DtoH
¥ 61.4% Default stream 7 L [ Memcpy DtoH ]
» 31.8% Stream 13 1 i
¥ £.5% Stream 16
b streams hidden... —
* Threads (8)
v oo - | | (SS—— (E) W g
MP| | MPI_Sendrecy [41,692 ... [MPLS...| M... [MPI_S...| MPL_Sen... [ MPI_... | MPI...| |MPLS.. |
lllli'L-l-----l- R i~ T
CUDA API cudatiostaloc | (EEEIRY] (1000 DL I eeveney ) WL e
Profiler overhead
V| [10367] jacobi - =- i
6 threads hidden... =— |-
@ | |
Name v ‘
# ~ Name Start Duration TID GPU Context “ | Description:
Memset 1,88258s 3,200 ps GPU 0O Stream 13 void jacobi_kernel<(int)32, -
* float *, int, int, int, bool)
b Memcpy DtoD | 1,88565s 5,024 ps GPU O Stream 14 Begins: 1,88259s
7 Memcpy DtoH 1,88565s5 4 864 us - GPU O Stream 13 ends: 1,88505s (+32,0506 ms)
4 Fal s Vi Ol i I T ™S e ) b
]
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Correlating Events on the Timeline

Selecting events in one row highlights related events

» CPU (96)

2S

» CUDA HW (0000:03:00.0 - NVIDIA A" ]

v  Threads (9)

v [v] [10232] MPI Rank 0

MPI
CUDA API

Profiler overhead

+282 5ms +283ms

\/

S R 1 |

¥

- CUDA's execution model is asynchronous

+ Kernel launch on host returns
« Kernel runs on GPU

» Visualized in profiler

» CPU (96)

»  CUDA HW (0000:03:00.0 - NVIDI e

v  Threads (9)

v [v] [10232] MPI Rank 0

MPI
CUDA API

Profiler overhead

2S

v

+282 4/ms +282 48ms

+282,49ms

+282 S5ms

| cudaEventRecord

jacobi_kernel

2s v

r CUDA HW (0000:03:00.0 - NVIDIA A100-

v [All Streams]

v  39.0% Kernels
v >99.9% jacobi_kernel
100.0% void jacobi_kernel(floaf

»  <0.1% initialize_boundaries
61.0% Memory

»  60.6% Default stream 7
»  31.2% Stream 14 1
»  7.9% Stream 17

5 streams hidden... — +

r  Threads (9)

v |V [10232] MPI Rank 0 =

MPI
CUDA API

Profiler overhead

+282 47ms

+282 48ms

+282,49ms

L

/

+282 S5ms

void jacobi_kernel<(int)32, (int

void jacobi_kernel<(int)32, (int

void jacobi_kernel<(int)32, (int

void jacobi_kernel<(int)32, (int

void jacobi_kernel<(int)32, (int

jacobi_kernel

cudaEvent}
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Correlating Events on the Timeline

Selecting events in one row highlights related events

b 36.7% Kernels 1

p  B3.3% Memory

« Threads (8)

D to 100%
- | [17780] transpose =

Profiler overhead .
0 to 100%
v [17797] transpose -
b threads hidden... — - 0 to 100%

= Timeline View - ‘ ‘ @& Options... = El ] 1x /A 3 warnings, 15 nperssamg
35 w ns +485.96ms +485 98ms +486ms +486 . 02ms +486.04ms +486_06ms
100%
» CPU (288) .
v GPU (0009:01:00.0 - NVIDIA GHZ0
01 Kernel e
+ CUDA HW (0009:01:00.0 - NVIDIA Memory

= Timeline View A ‘ ‘ @ Options... = q [ /% 3 warnings, 15 messages

35 -

+490ms +500ms +210ms +520ms +530ms

F

» CPU (288)

v GPU (D009:01:00.0 - NVIDIA GH20

* CUDA HW (0009:01:00.0 - NVIDIA
+ 36.7% Kernels 1

p 63.3% Memory
= Threads (8)

« of | [17780] transpose «

v [17797] transpose -

6 threads hidden... —_

Memory

0 to 100%

Profiler overhead .

0to 100%

0 to 100%
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Nsight Systems Basic Workflow

Navigating the timeline and finding interesting areas

ﬁ;‘ NVIDIA Nsight Systems 2021.4.1 — L] it

File View Tools Help

Jacobi_metncs_no-nvix.0.nsys-rep

= Timeline View - Q 1y U Ay 2 warnings, 16 messages

» (s 0.5s 15 1,55 25 2,55 35 =

* CPU (96)

» GPU {(0000:03:00.0 - NVIDIA A1(

+ CUDA HW {0000:03:00.0 - NVID Ty
* Threads (8)
-« [10309] MPI Rank 0 -
MP [MPL_Init [314,790...
CUDA API [ cudaFree { ][ cudaFr...| cudaFreeHost |
Profiler overhead %
v [10367] jacobi ~ | = é E Iy
o threads hidden... = o N o S - ] _ _ _ _ ] ] ] S _ _ ] o ] ] ) o
4 4
Events View
Name
# « Mame Start Duration GPU Context 4| Description:
1 initialize_boundanes{float *, float * float, int, int, int, 1... = 1,88146s 15,360 ps GPU D Stream 7
2 void jacobi_kemel<(int)32, (int)32=(float *, const floa... | 1,88259s 3,056 ms GPU O Stream 13
3 void jacobi_kemel<(int)32, (int)32>(float *, const floa... | 1,88574s 3,052 ms GPU O Stream 13
4 void jacobi_kernel<(int)32, (int)32>(float *, const floa... | 1,888384s 3,057 ms GPU O Stream 13
3 void jacobi_kemel<(int)32, (int)32>(float *, const floa... | 1,89193s 2,052 ms GPU O Stream 13
CJ
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Adding NVTX

Simple range-based API

e #include "nvtx3/nvToolsExt.h"

« NVTX v3 is header-only, needs just -1d1 int main(int argc, char** argv) {
- C++ and Python APIs PUSH_RANGE ( "main", ©)
| . . PUSH_RANGE("init", 1)
» Fortran: NVHPC compilers include module do_initialization():
« Just use nvtx and -lnvhpcwrapnvtx POP_RANGE
- Other compilers: See blog posts linked below /[* ... %/
o | PUSH_RANGE ( "computation", 2)
- Definitely: Include PUSH/POP macros (see links below) jacobi_kernel<<</* ... */, compute_stream>>>(...):
PUSH RANGE (name, color idx) cudaStreamSynchronize(compute_stream) ;
— — POP_RANGE
- Sprinkle them strategically through code /* ... %/
- Use hierarchically: Nest ranges \ POP_RANGE

- Not shown: Advanced usage (domains, ...)

- Similar range-based annotations exist for other tools
« e.g. SCOREP USER_REGION_BEGIN

https://github.com/NVIDIA/NVTX and https://nvidia.github.io/NVTX/#how-do-i-use-nvtx-in-my-code

https://developer.nvidia.com/blog/cuda-pro-tip-generate-custom-application-profile-timelines-nvtx/
https://developer.nvidia.com/blog/customize-cuda-fortran-profiling-nvtx/
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https://docs.nvidia.com/hpc-sdk/compilers/fortran-cuda-interfaces/index.html#cfnvtx-runtime
https://scorepci.pages.jsc.fz-juelich.de/scorep-pipelines/docs/scorep-6.0/html/group__SCOREP__User.html#gaab4b3ccc2b169320c1d3bf7fe19165f9
https://github.com/NVIDIA/NVTX
https://nvidia.github.io/NVTX/#how-do-i-use-nvtx-in-my-code
https://developer.nvidia.com/blog/cuda-pro-tip-generate-custom-application-profile-timelines-nvtx/
https://developer.nvidia.com/blog/customize-cuda-fortran-profiling-nvtx/

Adding some Color
Code annotation with NVTX

25 - +350ms +A400ms +450ms +500ms +550ms +600ms +650ms + f00ms

Same section of timeline as before . oU o6 =

- Events view: Quick navigation » GPU (0000:03:00.0 - NVIDIA

» CUDA HW (0000:03:00.C 1
* Threads (8)

Like manual timing, only less work

Nesting V| [17825] MPIRank 0 ~ § & | i
_ _ _ MP| [MPLSendrec...| MPI_Sendrecv [63,695 ms] |MPI_Sendrecv [55,344 ..| | ... |[...
Correlation, filtering
MNVTX single_gpu [93,348 ms]
CUDA AP Tl (1111 D [0ED) ( coomnerina |

Profiler overhead

V| [17878] jacobi ~

o threads hidden... —

1 4
Events View v
Name v
# + Name Start Duration TID Category + | Description:
‘ I init 0,17077s 2,490 5 17825 it 000
« [] Jacobi solve : — == Begins: 2,66035s
Zoom to Selected on Timeline Ends: 2,661275 (+917,263 us)
Egp}r Selected Thread: 17825

I kernel 2,000355 082,252 s 17825
I MPI 2,60103s 105,391 ps 17825
I norm 2001145 128,150 ps 17825
4 |:| it_001 2,00127s 751,182 s 17825
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Nsight Systems Workflow with NVTX

Repeating the analysis

ﬁ' NVIDIA Nsight Systems 2021.4.1 — [] ot
File View Tools Help
Jacobi_metncs_more-nvix.0.nsys-rep
= Timeline View - Qix L /% 2 warnings, 16 messages
25 ~ . +E-E|EII,4m5 . +E-E|EII,5m5 B 2s 660,6070ms +E-Elill,?m5 . +E-EEILEm5 . +E-E|EII,Eilm5 . +E-E|I1r'n5 . +66 1.‘1 ms . +E-E|1IJ2m5 =

» CPU (96)

P GPU {0000:03:00.0 - NVIDIA
¥ CUDA HW (0000:03:00.0 - b
* Threads (8)

¥ V| [17825] MPI Rank 0 ~

MPI | [MPL_Sendrecv [..|MPL..|  [MPLAlreduce [...|
NVTX [ - it_000 [917,263 ps] |
CUDA API el cdeBeentynbvonze ] | i/l 8
Profiler overhead
v [17878] jacobi ~ %
b threads hidden.. — + =
1 | e
‘Events View = ‘
MName = ‘ I =t
+ Name Start Duration TID Category # Description:
| 1 v [] init 0,17077s 2,490 s 17825 it 000
+ [] Jacobi solve 2,66034s 7,810 ms 17825 Begins: 2,660355

Ends: 2,66127s (+917,263 ps)

| kernel 2,66035s 682,252 s 17825
|] 8 l mpl 2,66103s 105,391 ps 17825
E Il norm 2,66114s 128,150 ps 17825
] 10 v [ it_oo1 2,66127s 751,182 s 17825
1] 14 » || it_002 2,66202s 767,433 s 17825
1] 12 v [] it_003 2,66279s 752,632 s 17825
1] 22 v || it_o04 2,66354s 762,572 s 17825 e
4 4

14
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Minimizing Profile Size

Shorter time, smaller files = quicker progress

Only profile what you need - all profilers have some overhead
- Example: Event that occurs after long-running setup phase

Bonus: lower number of events leads to smaller file size

Add to nsys command line:

° ——capture-range=nvtx --nvtx-capture=any nvtx marker name \
-—env-var=NSYS NVTX PROFILER REGISTER ONLY=0 --kill none

- Use NV I X registered strings for best performance

Alternatively: cudaProfilerStart () and —Stop ()

* ——capture-range=cudaProfilerApi

[207,348 ... |i_001 [1,375 ...|it_002 [1,276...| it.003 [1,758 ms] |it_0D4 [1,22...|it_005 [1,369 ...| it 006 [1,1... |it_007 [1,319...|it_008 [1,17...|it_009 [1,321...

106848 o) ) cernel.. (MPL ... (PR [kerme... (MBE[L08.) (eme... (M) [ceme... BT (kemet_.. ([ ken... (B cen... (M (erel... (W]
0 e | @) | Jfesad | e [eidar) [ flevdad) Jlesd) | Jeudad) feda)
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https://nvidia.github.io/NVTX/#register-strings-that-will-be-used-many-times

E MVIDIA Msight Systems 2024.5.7 — ] et
File View Tools Help

matrixMulCUBLAS nsys-rep * RUENE RSy

| = Timeline View - | | & Options... B Q L ' 1x A 3 wWarnings, 15 messaqges
35 w +490ms +510ms +520ms +530ms -
100%
» CPU (288)
| | o - - -
GPU Metric Samplin
. : activity S
GPU Metrics [10 kHz] memory| & — = — =
GPC Clock Frequency 0 to 2.00 GHz
SY'3 Clock Frequency 0to 1.67 GHz
SMs Active 0 to 100% 5
« 5SM Instructions 0 to 100%
SM Issue 0 to 100%
Tensor Active 0 to 100%

- Use nsys profile .. --gpu-metrics-device= .. > SM Warp Occupancy

- With multiple GPUs per node --gpu-metrics-device needs T,

| DRAM Bandwidth | Throughput %

to be consistent with application GPU affinity ORAM Wite Bancwictn 010 100% |- R Read Banawiatn | 263

DRAM Write Bandwidth | 26.9

¥ NVLink RX Bandwidth 0 to 100%

¢ NVLink TX Bandwidth 0 to 100%

export CUDA_VISIBLE_DEVICES=S{SLURM_LOCALID} " Pote Banawiarn shidia| u ! |

- Sy
+ CUDA HW (0009:01:00.0 - NVIDIA | Kemel

nsys profile ... --gpu-metrics- - 36T%kemels P ) A ) e
device=S{SLURM_LOCALID} ./a.out > 21.5%transposeNaive

¥ 13.1% transposeDiagonal

¥ 11.4% transposeCoalesced

¥ 11.1% copySharediMem

v 11.0% transposeNoBankConfli
v 11.0% transposeCoarseGraine
» 10.8% transposeFineGrained

100.0% copy(float * float *, it

» 63.3% Memory
« Threads (8)

= | [17780] transpose -

. 3
P11 1 1 I 1 11 1 1 I 1 1 1 b 1 b1 061 1.1

« CUDA API
CUDA Overhead |
Profiler overhead .
v [17797] transpose - Dt 0% g i - i i I I
6 threads hidden... —_ 0 to 100%

I <ANVIDIA. 16 . | r




Unified Memory Profiling

nsys profile .. --cuda-um-cpu-page-faults true --cuda-um-gpu-page-faults true

Fault Based Migrations Access Counter Based Migration 0/7@%,0
0

3] NVIDIA Nsight Systems 2024.5.1 — O e B3] NVIDIA Nsight Systems 2024.5.1

il

File View Tools Help File View Tools Help g
.test.um_events managed.accesscounters. lego-cgl1-gs-91 DriverVersion.550.54.14.20240408130441 nsys-rep X  [UEul R R R ET R o w e R e ) W = A e (R T B el e D R D BT E I T memloc_test.um_events.managed.accesscounters.lego-cg1-gs-91. DriverVersion.550.54.14 20240408130441 nsys-rep memiloc_test.um_events.managed.lego-cg1-gs-91 Driverversion.550.54.14.20240408130441 nsy: ~ O '/e
| = Timeline View - | | @ Options... B & [ (i) 16 messages | = Timeline View - | | @ Options... E Q [ 4y (i) 16 messages /. /7 @
0s - yoms +680ms +700ms +720riwprgeinty +/40ms +760ms +780ms +800ms +820ms +840)~ 05 » 20ms +730ms +740ms +750ms wEtAlEg0ms +770ms +780ms +790ms +800ms +810ms +820ms - ad
100% 100%
» CPU(72) 0 » CPU(72) 0
+ CUDA HW (0009:01:00.0 - NVIDIA GH200 Kermel - CUDA HW (0009:01:00.0 - NVIDIA GH200 Kermel
0700, Memary : s e Memory
» 89.5% Context 1 » 87.9% Context 1
= 10.5% Unified memory « 12.1% Unified memory
GPU Page Faults = = - — - GPU Page Faults = g
cee &8 0ef0 000i60@E 0B O0O0FE0 [ O BB O uw I Y R ., - 0 0 B Bl .
R WGP . e
Begins: 0.726715s Begins: 0.7553314s
63.6% HtoD transfer Ends: 0.728354s (+1.640 ms) i £6.6% HtoD transfer Ends: 0.757764s (+2.450 ms)
36.4% DtoH transfer Virtual address: Oxfffaf§d00000 _- Virtual address: 0xfffc30680000
Trreads (@ Mumber of page faults: 40 Threads (8 Mumber of page faults: 31
« o [1798] memloc_test « v [1920] memloc_test 4
T ™ T
IR R AR R AR AR A R AR AR AR RN AR AR AR e R e AR nnnnnnnn e g nnnnnnnn e e e AN nnpnnnnnnnnn T A A B | il 1111l itniritrnnnnrnrjponirnrinrnirrnrnonrnrrnrnnnnnnnnl 11 11N nnnnnronnonnnunnl 111 1 1 101
NVTX NYVTX
UVM Events: GPU first touch [178.886 ms] UVM Events: GPU first touch [104.486 ms]
» CUDA API » CUDA API
Profiler overhead . Profiler overhead .
0 to 100% 0 to 100%
~ v [1812] memioc_test « 15 & R & i1 & il & !igi & 18 ié%i ~ v [1934] memioc_test i ;! ! - R i 3 él - igi g H i
| | | | 11 | | | |
Profiler overhead Profiler overhead
b threads hidden... — 4+ Otwol00% | | | & threads hidden... — 4+ 0twol00%
= 1 b
4 k
Events View hd
Events View -
Mame - | | =
MName hd | | A o
o # « Name Start Duration TID Category | Description:
- i « | Description:
* Name start Duration Tib Category | UVM Events: GPU first touch 0.719785s 104.486 ms UVM Events: GPU first touch
UVM Events: GPU first touch 0.660564s 178836 ms UVM Events: GPU first touch Begins: 0.719785s
|] 4 |:| LM Events: Prefetch to GPU 0.83940945 24 270 ms 1798 Ends: 0.83945s (+178.826 ms) i )
. - : Ms [] UVM Events: Prefetch to CPU 0.8496435 12.347 ms 1920 Thread: 1920
Ms [] UVM Events: Prefetch to CPU 0.8637655 11.855 ms 1798 Thread: 1798
. 3] I LM Events: Migrate to GPU 0.86719925 80117 ms 1920 =
e l UVM Events: Migrate to GPU 0.875621s 103.567 ms 1798 = y =T
- -
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Unified Memory Profiling

nsys profile .. --cuda-um-cpu-page-faults true --cuda-um-gpu-page-faults true

Fault Based Migrations

E MNVIDIA Msight Systems 2024.5.1
File View Tools Help

| = Timeline View - | | @ Options...

il

0s = +840ms +545pEG +850ms +855ms +860ms
100%
» CPU(72) .
+ CUDA HW (0009:01:00.0 - NVIDIA GH200 Kermel
:01:00. Mermony FreeeTEr T P T e e Tr———" Sy N T ———
v 89.5% Context 1
= 10.5% Unified memory
GPU Page Faults
- 100.0% Memory bbbl lbddddlh kbl bl bbbl
63.6% HtoD transfer el Dt ety Sebnihbotud bt i o]

Begins: 0.845983s

« Threads (8)

0 to 100%
= | [1798] memloc_test -

Ends: 0.845993s (+9.824 ps)
HtoD transfer 2,097,152 bytes
Migration cause: User prefetch
Throughput: 198.812 GiB/s
Virtual address: Oxfffo29400000

B3] NVIDIA Nsight Systems 2024.5.1

Access Counter Based Migration Cbe%
/OfO

File View Tools Help

Description:

NVTX I UVM Events: Prefetch to GPU [24.270 ms]
» CUDA AP :——————
Profiler overhead .
« V| [1812] memioc_test el ) i
|
Profiler overhead
& threads hidden... — 4+ Oto100%
-
| Events View - |
| MName
# « Name Start Duration TID Category | &
§ UVM Events: GPU first touch 0.660564s 178.886 ms 1798

_ | UVM Events: Prefetch to GPU 0.539494s 24970 ms _

[] UVM Events: Prefetch to CPU
. 6 l UVM Events: Migrate to GPU

0.863763s
0.8736215

11.835 ms 1798
103.367 ms 1798

UVM Events: Prefetch to GPU
Begins: 0.8394945

Ends: 0.863764s (+24.270 ms)
Thread: 1798

memiloc_test um_events. managed.accesscounters.lego-cgl-gs-91 DriverVersion 330.54.14 20240408130441 nsysrep X |memloc_test um_events.managed lego-cgl-gs-91.DriverVersion.550.54.14.20240408130441 nsy:

| = Timeline View - | | @ Options...

i
9
O,

(i) 16 messages

0s » +825ms +830ms +840ms +845ms
100%
» CPU (72) .
- CUDA HW (0009:01:00.0 - NVIDIA GH200 Kermel ——————r — e ——— — e —
T Memory

» 87.9% Context 1
« 12.1% Unified memory

GPU Page Faults

= 100.0% Memory

m_ I .l A be B I &

CUDA Memory q:erﬂhnns in
progress:

s HtoD transfer
Time: 0.83553s

13.4% DtoH transfer
« Threads (8)

0to 100%
= | [1920] memloc_test -

NVTX -
I UVM Events: Prefetch to GPU [25.339 ms)
» CUDAAP! - [codaMemPrefercha ] [cudaMemPrefetchA | [cudaMemPrefetchd|  (cudaMemPrefetch | (cudaMemPrefetch. | _
Profiler overhead .
0 to 100% |
= [+ [1934] memloc_test i i i i i
Profiler overhead
& threads hidden... — 4+ 0to100%
1 b
| Events View - |
| Mame - | | -,
= ~ Name Start Duration TID Category | Description:
§ UVM Events: GPU first touch 0.719785s 104.486 ms 1920 UVM Events: Prefetch to GPU

Begins: 0.824302s
Ends: 0.8496425 (+25.339 ms)
Thread: 1920

_ I UVM Events: Prefetch to GPU 0.824302s 25339 ms

[] UVM Events: Prefetch to CPU 0.849643s

12.347 ms 1920

0.8671992s

. 6 l UVM Events: Migrate to GPU 80117 ms 1920

18
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Unified Memory Profiling

nsys profile .. --cuda-um-cpu-page-faults true --cuda-um-gpu-page-faults true

Fault Based Migrations

E MNVIDIA Msight Systems 2024.5.1
File View Tools Help

63.6% HtoD transfer

« Threads (8)

= | [1798] memloc_test -

= Timeline View - | | @ Options... B g [F— (i) 16 messages
0s » +880ms +890ms +900ms +910ms 920.3ms +930ms +940ms +950ms +960ms +970ms +08(~
100%
» CPU(72) .
+ CUDA HW (0009:01:00.0 - NVIDIA GH200 Kermel -
R Memory P
r 89.5% Context 1
= 10.5% Unified memory
5U Page Faults EDED) @& i i IOGRT s 0 T B )40 vl T OST C i  C CERo T C
III.III 1 1l h||i||.| [ L_hllllllhl- bed IL |||Il |In|||l I lh lILIIIl TR l-.IIlIIIL [
= 100.0% Memory l

0 to 100%

Begins: 0.920394s

Ends: 0.920398s (+3.615 ps)
HtoD transfer 131,072 bytes
Migration cause: Page fault

E MVIDIA Msight Systems 2024.5.1
File View Tools Help

memloc_test.um_events.managed.accesscounters.lego-cgl-gs-91 DriverVersion.530.54.14 20240408130441 _nsys-rep

= Timeline View - | | @ Options...

Access Counter Based Migration Che%
/Ofo

6@7

memiloc_test.um_events.managed.lego-cg1-gs-91.DriverVersion. 550.54.14.202404081 30441 nsy: g O[/

=2 Q L i (@ 16 messages

05 = 15 +270ms +830ms +290 +900ms +970ms +920ms +830ms +340ms [~
100%
» CPU(72) .
- CUDA HW (0009:01:00.0 - NVIDIA GH200 Kermel
e Memory ¥ L (| T B T
» B7.9% Context 1
« 12.1% Unified memory
~ 100.0% Memory i .
e TR .
86.6% HtoD transfer .

13.4% DtoH transfer m
« Threads (8)

Begins: 0.894143s
Ends: 0.894148s (+5.503 ps)

LIl PR iRl i i i ittt iii il i Throughput 33.7677 GiB/s EL e il v bnn by e rnin pninl
Virtual address: Oxfffae3040000
WNVTX
Profiler overhead .
0 to 100%
« v [1812] memloc_test » I i !i!iéi*i!i*iéi!i!i!i&i!i!i!i
L ] L ] - L ] F L ] - L ] - n - n I- n Iq L ] L} n _I L ] - n F L ] q L ] -I L ] I- L ] I- L ]
Profiler overhead
& threads hidden... — 4+ 0 to 100%
4 b
Events View - |
MName b | | o,
# + Name Start Duration TID Category « | Description:
1 § UVM Events: GPU first touch 0.660564s 178.886 ms 1798 UVM Events: Migrate to GPU
) Begins: 0.8756215
|] 4 [] UVM Events: Prefetch to GPU 0.839404g 24 270 ms 1798 Ends: 0.979189s (+103.567 ms)
[] UVM Events: Prefetch to CPU 0.8637655 11.855 ms 1798 Thread: 1798
C I e o owszs s e |
]

0 to 100% HtoD transfer 655,260 bytes
= | [1920] memioc_test « Migration cause: Access counters
IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIThrDUgI'IDU't:11D_Q13-GI-EfE 11 1 11 1611111 iniinririrnrrrirnernrnrnrn
NYTX Virtual address: 0xfffc2ca00000
Profiler overhead .
0 to 100%
Profiler overhead
& threads hidden... — 4+ 0 to 100%
4 3
Events View - |
Mame - | | =
# « Mame Start Duration TID Category + | Description:
1 § UVM Events: GPU first touch 0.719785s 104.486 ms 1920 UVM Events: Migrate to GPU
) Begins: 0.8619925
|] 4 |:| LM Events: Prefetch to GPU 0.824302s 25339 ms 1920 Ends: 0.942108s (+80.117 ms)
[] UVM Events: Prefetch to CPU 0.8496435 12.347 ms 1920 Thread: 1920
_ UVM Events: Migrate to GPU 0.861992s 80117 ms 1920 -
[
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Approaches for multi-process tools

Tools usually run on a single process — adapt for highly distributed applications?
Bugs in parallel programs are often serial bugs in disguise

Common MPI paradigm: Workload distributed; bug classes/performance similar for all processes
Not: Load imbalance, parallel race conditions; require parallel tools

Ergo: Run tool N times in parallel, have N output files, only look at 1 (or 2, ...)
%q{ENV_VAR} supported by all the NVIDIA tools discussed here, embed environment variable in file name
ENV_VAR should be one set by the process launcher, unique ID
Evaluated only once tool starts running (on compute node) - not when launching job

OpenMP1I:
Other tools: Use a launcher script, for late evaluation OMPI COMM WORLD RANK

OMPI_COMM_WORLD_LOCAL_RANK

srun nsys profile --trace=cuda,nvtx,mpi --force-overwrite=true \ MVAPICH? :

--output=my_report.%q{SLURM_PROCID } \ MV2_COMM_WORLD_RANK

. . . MV2_COMM_WORLD_LOCAL_RANK
./jacobi -niter 10

Slurm:
SLURM_PROCID
SLURM_LOCALID

20 NVIDIA.


https://www.open-mpi.org/faq/?category=running#mpi-environmental-variables
http://mvapich.cse.ohio-state.edu/static/media/mvapich/mvapich2-2.2-userguide.html#x1-32100013
https://slurm.schedmd.com/srun.html#SECTION_OUTPUT-ENVIRONMENT-VARIABLES

Using Multiple Reports in Nsight Systems

& MVIDIA Nsight Systems 2022.4.1 - O 4

File View Tools Help

Untitled 8 *

= Timeline View - =@a L o .I 1x M2 warnings, 28 messages
* ::IS 1 D, ?S 1 -I|S 1 1 I-|55 i E|5 1 E, ::"E i 3:5 1 -
CUDA HW (0000:03:00.0 - NVIDIA AT00-SXM4-40GB) l,- !' -ll
39.0% Kernels 5 A |
61.0% Memory ) § ’Q u
| | il oioia RN .. OO | N | A 4
~ |V [31252] MPI Rank 0 + I __=_= i —”-H
I ! e[ B M
MP| | MPI_Init [1,127 5] |
{:U DA I,|:'|IF:'| udastreamCreateWithElaos . cudaHostaAlloo ~udaHaostAlloc ]]. ‘:l] JmﬂEF_.IC:IJﬂEF_.I
Profiler overhead | | |
V! [31329] async ~ = '=“ i ! i
| b 1§ e
7 threads hidden.. - M0 | 18 I | 1 1 1 A O (N A A A (O A 1 5 A A O AR N RN AN
)[:}[31255] .,-fjacr::bi | L Il | - Eia =
4 3
Events View -
MName v || \
Description:
Right-click a timeline row and select "Show in Events View" to see events here
CA
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O O NVIDIA Nsight Systems 2024.1.1
File View Tools Help

Project Explorer S8l heatmap [RO] jacobi_2024.1-0.nsys-rep X

Multi-report analysis recipes o

_ heatmap.ipynb - JupyterLab X

iak/Documents/20240130_nsys-talk-examples/jacobi/mpi_gpu_time_util_map-1/heatmap.ipynb €3

File Edit View Run Kernel Tabs Settings Help

heatmap.ipynb X |+ &
B + X O [ » m C » Markdown v # Python 3 (ipykernel) O

0
O -

|ﬂSta||atiOﬂ guide' — Utilization Summary (bins=30)

Kernel
* 0/22408 Valu%i CSD‘“‘/E«)
Bundled installer script - install.py, put dependencies 0 1/22400
into Python venv F
oY 2/22395
Can be done by users themselves - but could also be
provisioned e 50
. . 0 2 4 6
Run one of the recipes (or customize), example: buration (s)
nsys recipe mpi_gpu_time_util_map --input *.nsys-rep
. . MPI
Load generated .ipynb (embedded in nsys GUI)
0/22408 60
E 1/22400
E 2/22395
3/22404
40
0 2 < 6
Simple O M1 & PythonS(ipykernel)|IT.”HI;I;c:e:r;;mma... @ Ln1, Co.. heatmap.ipy.. 1 [\
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https://docs.nvidia.com/nsight-systems/InstallationGuide/index.html#installing-multi-report-analysis-system
https://docs.nvidia.com/nsight-systems/InstallationGuide/index.html#installing-multi-report-analysis-system
https://docs.nvidia.com/nsight-systems/InstallationGuide/index.html#installing-multi-report-analysis-system

CPU Profiling

Analyzing host-side call trees

‘ = Timeline View v I Q O . | C1x /N 24 warnings, 12 messages

ds = MS +580ms + +600ms +610ms +620ms +630ms +640ms +650ms -

.

- Nsight Systems by default collects 7 Processes (218)

v (® [306923] ./UnifiedMemoryPer

stack samples -
p v CUDA HW (000c:01:00.0 - NVIDI -.'-'.

- --sample=none to disable 100.0% Context 1 1

» 0.0% Unified memory

- Display process/thread in events view or
use tooltips

¥ Threads (9)

CUDA AP Sampling point
Profiler overhead Call stack at 4,59212s: b
\ libc-2.31.50!0x4001df785120 >
libcuda.s0.525.60.13[8 Frames]
Fvents View v UnifiedMemoryPerf!_ cudart196
UnifiedMemoryPerf'__cudart332
UnifiedMemoryPerflcudaMemcpyAsync
UnifiedMemoryPerflrunMatrixMultiplyKernel(...) Name ¥ =
UnifiedMemoryPerf'matrixMultiplyPerfRunner(...)
# 4 Name UnifiedMemoryPerf!main “  Description:
_ libe-2.31.50!_libc_start_main
63 libc-2.31.solrandom UnifiedMemoryPerf!Unresolved (_start?) Call to CHdEMEI‘I’ICPyAS}!HC =
64 libc-2.31.50!0x4001df80cfb4 m Memory copies
65 UnifiedMemoryPerflfilMatrixWithRandomValues(...) Begins: 4,58005s
Ends: 4,58108s (+1,027 ms)
66 ¥ cudaM A ’ '
sl 2 A Al Return value: 0
68 | cudaMemcpyAsync GPU: 000c:01:00.0 -
69 libc-2.31.50!10x4001df785120 NVIDIA A100-PCIE-40GB
70 *  matrixMultiplyKernel Stream: /
Latency: 83,040 ps—
b
re cudaMemcpyAsync Correlation ID: 7107
78 cudaStreamSynchronize
79 matrixMultiplyKernel Call stack:
libc-2.31.50!0x4001df785120
80 ¥ cudaMemcpyAsync libeuda.so.525.60.13[7 Frames]
- UnifiedMemoryPerf!_cudart196
8/ CUdaStreamSynChrsze UnifiedMemoryPerf!_cudart332
a8 P  cudaFree UnifiedMemoryPerflcudaMemcpyAsync
UnifiedMemoryPerf!
90 cudaFree runMatrixMultiplyKernel(..))
UnifiedMemoryPerf!
o cudaFree + matrixMultiplyPerfRunner(...)
4 ' N UnifiedMemoryPerf!main =
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CPU Profiling

Zooming In
. ) ] cudaStreamSynchronize
- Example: Backtrace in CUDA sample Sampling point
- Cal stack leading up to vt .,
cudaMemc pyAsyn C libcuda.s0.525.60.13[8 Frames]

UnifiedMemoryPerf'__cudart196

. . . UnifiedMemoryPerf'__cudart332
- Periodic sampling: low overhead, but UnifiedMemoryPerficudaMemcpyAsync
may miss some call chains e | T
. --cudabacktrace ensures CUDA API calls jrifieciiemoryrerimain =] Vescription:
ShOW bathrace, pOtehtIa”y h|gher LlnifiedMem;ryF;rf.'Uﬂ_resc:rlved (_start?) Call to CUdHMEH’lCP}FAE}FHE =
overhead 2 Memory copies
es(..) begins: 4,58005s

~nds: 4,58108s (+1,027 ms)
Return value: 0

GPU: 000c:01:00.0 -
NVIDIA A100-PCIE-40GB
Stream: [/

Latency: 83,040 ps—
Correlation ID: 7107

Call stack:
libc-2.31.50!0x4001df785120
libcuda.s0.525.60.13[7 Frames]
UnifiedMemoryPerf'__cudart196
UnifiedMemoryPerf'__cudart332
UnifiedMemoryPerflcudaMemcpyAsync
UnifiedMemoryPerf!
runMatrixMultiplyKernel(...)
UnifiedMemoryPerf!

+  matrixMultiplyPerfRunner(...)

b UnifiedMemoryPerf'main 2
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CPU Profiling

Analyzing host-side call trees

- CPU bottom-up (or top-down) profiling based on samples

- Linux perf events, e.g. cache misses

 https://docs.nvidia.com/nsight-systems/UserGuide/index.html#cpu-linuxperf

Bottom-Up View

w

Process [306923] ./UnifiedMemoryPerf (5.8%, 9 of 9 threads) A

1 Filter... 8.943 samples are used.

Symbol Name

v verifyMatrixData(float”®, float”, unsigned int)

v runMatrixMultiplyKernel(unsigned int, int, un...

v matrixMultiplyPerfRunner(bool, bool, bool,...

main

Self, % ¥ Module Name
31,52 /storage/code/cuda-samples/Samples/UnifiedMemoryPerf/UnifiedMemoryPert

7,85 /storage/code/cuda-samples/Samples/UnifiedMemoryPerf/UnifiedMemoryPerf

7,85 /storage/code/cuda-samples/Samples/UnifiedMemoryPerf/UnifiedMemoryPert

/.85 /storage/code/cuda-samples/Samples/UnifiedMemoryPerf/UnifiedMemoryPerf

» 0x4001e11/17b8

¥ (PU (80)

w

w

CPU 12

Cache Misses

CPU 13

Cache Misses

- (s

8,58 /usr/lib/aarch64-linux-anu/libcuda.so.525.60.13

2S 45 bs
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https://docs.nvidia.com/nsight-systems/UserGuide/index.html#cpu-linuxperf

CPU Core Metrics

Profiling on Grace

- nsys profile --cpu-core-metrics=help (--cpu-core-events=help) --cpu-socket-metrics=help (--
cpu-socket-events=help)
- Lists available metrics (events) on the CLI

- Generally recommended read: https://docs.nvidia.com/grace-perf-tuning-quide/index.html

. In particular, see https://docs.nvidia.com/grace-perf-tuning-quide/index.html#measuring-workload-performance-with-
hardware-performance-counters

Measuring Workload Performance with Hardware
Performance Counters

Many software performance analysis tools rely on event counts from hardware performance monitoring
units (PMUs) to characterize workload performance. This chapter provides information about how data
from PMUs can be gathered and combined to form metrics for performance optimization. For simplicity,
the Linux perf tool is used, but the same metrics can be used in any tool that gathers hardware

performance events from PMUSs, for example, NVIDIA NSIGHT Systems.

26 <ANVIDIA. I


https://docs.nvidia.com/grace-perf-tuning-guide/index.html
https://docs.nvidia.com/grace-perf-tuning-guide/index.html#measuring-workload-performance-with-hardware-performance-counters
https://docs.nvidia.com/grace-perf-tuning-guide/index.html#measuring-workload-performance-with-hardware-performance-counters

CPU Socket Metrics
--cpu-socket-events=61,71,265,273

@ MVIDIA Msight Systerns 2024.5.1 — ] et E MVIDIA Msight Systems 2024.5.1 — ] e
File View Tools Help File View Tools Help

memloc_test.nsys-rep memloc_test.nsys-rep

| = Timeline View - | | & Options... | E Q [ 1 /4 18 warnings, 15 messages | = Timeline View - | | & Options... E Q [ lx /% 18 warnings, 15 messages
35 - 0ms +320ms +340ms +360ms +380ms +400ms +420ms - 75 w 5 +100ms +120ms +140ms +160ms +180ms -
% %
» CPU(72) » CPU(72)
0 0
« Lncore = Lncore

Socket_0_C2C0/rd_bytes_local Socket_0_C2C0/rd_bytes_local

Socket_0_CZ2C0/wr_bytes_local Socket_0_C2C0/wr_bytes_local

Socket_0_SCF/gmem_wr_total_bytes

Socket_0_SCF/gmem_rd_data

Socket_0_SCF/gmem_wr_total_bytes

« Processes (192)
+ () [11675] ./memioc_test
» CUDA HW (0009:01:00.0 - NVIDIA G| -l
« Threads (43)

« Processes (192)

« () [11675] ./memloc_test %
« CUDA HW (0009:01:00.0 - NVIDIA G el

= 100.0% Kemels
¢ 100.0% vecadd_kernel

-

-

|||| r-

- | [11675] memloc_test -

. Testhess NVTX [ Data on GPU [111.503 ms} |
NVTX . DetaonGPUM98%msl | GPU [111.503 s} |
 cvmwm S — ' '
CUDA API
I l « || [11675] memloc_test »
_I HENRINE NI IR IR I RN IR I NN NN I NI NN I NN NN NN I NN NN I NN I NN NN NN I NN NN NI

~%

v | [11712] memiloc_test - NVTX Data on CPU [223.200 ms]

I A0 IR0 R0 A0 RAN AR N anm e nnm mn nanm an An Amm an enn An e An Am mnn am nnnm en A nam an eanan nn nnn en e nn Am Ann e N Anm Rnn em omn nun o nn | ;
% I GPU [111.693 ms] |

R CUDA AP e ——
[ IR e nnnnnnna
L
T

%

Profiler overhead "'

v | [11700] memioc_test -

(IR AR A e

11693 : - [ v [11712] memioc_test
v | [11693] memloc_test » 1= §
.} ' :
4 , . b
- ]
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