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Introduction to NVIDIA profilers
Nvprof and the Visual Profiler

Nsight Systems
Profiling from CLI

NVTX (NVIDIA Tools Extension)

Getting Started Resources



NVIDIA PROFILING TOOLS

( Y4 Y4 N

Nsight Systems @ Nsight Visual Studio Edition NVIDIA Profiler (nvprof)

Nsight Compute w Nsight Eclipse Edition Q NVIDIA Visual Profiler (nvvpfu

\. J \\ J \\ J

CUPTI (CUDA Profiling Tools Interface)
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TOOLS COMPARISON

NVIDIA© NVIDIA© NVIDIA© Intel© Linux perf
Nsight™ Nsight™ Visual Profiler VTune™ OProfile
Systems Compute Amplifier
Target 0OS Linux, Windows Linux, Windows  Linux, Mac, Windows Linux, Windows Linux
GPUs Pascal+ Pascal+ Kepler+ None None
CPUs x86_64 x86_64 x86, x86_64, Power x86, x86_64 x86, x86_64,
Power
Trace NVTX, OS runtime, NVTX, MPI, CUDA, MPI, ITT Kernel
CUDA, CuDNN, CuBLAS, CUDA OpenACC, NVTX
OpenACC, OpenGL, DX12
CPU PC High Speed No Yes High Speed High Speed
Sampling
NVLINK, GPU Future Yes No No
Power, Thermal
Src Code View No Yes Yes Yes No
Compare No Yes No Yes No

Sessions
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NVPROF AND THE VISUAL PROFILER




NVIDIA PROFILER

GUI :

Command line:

. . : See the profiler documentation
<application> <application options>

for more information

Command line with GUI output:
<application> <application options>

Command line, MPI applications, GUI output:
<application> <application options>
(%h and %p will be replaced by host and pid)

Command line, capturing all low level metrics for later GUI analysis (slow!)
<application> <application options>

Command line, all low level metrics for later GUI analysis only for the 2" occurrence of each kernel:
<application> <application options>

Command line with GUI output, limiting the profiling to the first 60seconds (60s after GPU context creation)
<application> <application options>



NVPROF - Basic Usage

==88109== NVPROF is profiling process 88109, command: ./cg
<program output>
==88109== Profiling application: ./cg
==88109== Profiling result:
Time(%) Time Calls Avg Min Max Name
95.62% 4.74211s 101 46.952ms 43.029ms 435.09ms matvec(matrix const &, vector const &,
vector const &) 12 gpu
3.28% 162.50ms 302 538.09us 236.55us 31.155ms waxpby(double, vector const &, double,
vector const &, vector const &) 26 gpu
0.73% 36.165ms 200 180.83us 138.18us 223.26us dot(vector const &, vector const
&) 10 gpu
0.37% 18.310ms 200 91.549us 89.664us 93.441us dot(vector const &, vector const
&) 10 gpu_red
0.00% 100.13us 200 500ns 480ns 1.0240us [CUDA memcpy HtoD]
0.00% 81.408us 200 407ns 384ns 416ns [CUDA memcpy DtoH]
==88109== Unified Memory profiling result:
Device "Tesla P100-SXM2-16GB (©)"
Count Avg Size Min Size Max Size Total Size Total Time Name
13783 197.40KB 64.000KB 960.00KB 2.594727GB 99.26990ms Host To Device
7681 - - - 298.1818ms GPU Page fault groups

Total CPU Page faults: 7973

NVIDIA.



CUDA VISUAL PROFILER

Kernel profile - memory hierarchy view
Unified Memory

NVLink

PC sampling

OpenACC/0OpenMP Profiling

NVTX
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NVIDIA’S VISUAL PROFILER (NVVP)
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DATA MOVEMENT IN VISUAL PROFILER

=08 )

File View Window Run Help

HEHERGR- TR F RIEEEA -

&  § *NewSessionl &

ol _ 35.5s ' 36.5 s

Bu = Process "cg" (23919)
[~ Thread 3484149632 1

openacc - aceco. | || acc_enter datauec... e Gon | || acc enter datagvec.. facecow | | | lacc enter datauec..
I 7 e )
 orwer 4P (Tleostre | U0 T [ T 1T [Tewsve {0 T T [ 1 [Teosee LML [ L T[]

- Profiling Overhead
= [0] Tesla K20c |
[=] Context 1 (CUDA) ‘
Cyvemcpy ¢ty [ N1 1 N {1 [ 11 1] EE
¥ MemCpy OtoH) | Il B 10w
= compute e ] ) oo WANRN oo WURH
- 97.0% _Z6matvec...| [EClERE [_Z6ma..| [ Z6ma...|
- 2.0% _Z6waxpbyd....
T 0.9% _Z3dotRK6w... |
- 0.1% _Z3dotRK6v... | | || ||
[=] Streams
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UVM IN VISUAL PROFILER

NVIDIA Visual Profiler - T o) E e

File View Window Run Help

=R My G| B E|F RIELLA
& % “timelineUM.nvprof &2 =g =
| b7s 08 s 095 1s 115 125 135 14 155 =]

] [=| Process "cg” (64759)
=] [=| Thread 299904

Cal

acc_compute_construct@vector.h:12 e _... _... .. | acc_... acy

~ QOpenACC | I I
& Driver API cuStreamSynchronize cuSt... cuSt.. cuSt.
L Profiling Overhead
|=| Unified Memory
L 5FF CPU Page Faults
= [0] Tesla PLO0-5XM2-16GB I
[=| Unified Memary |
L ¥ GPU Page Faults
L %F Data Migration (HtoD) Data M... Data M... Data M... Data M...| Data M... Data M... Data M... Data M... Data M... Data M...
[=| Context1 (CUDA]
L ¥ MemCpy [HtaD) | | [ | | |
L ¥ MemCpy [DtaH) | | | | | |
= Compute | [ ZbmatvecRKbmatriRKbvectorSt_12gpu | T
- 95.6% ZomatvechK.. N I I N
L ¥ 3.3% _Z6waxpbydR... [ ] ] | | | | |
L 0.7% _Z3dotRKbvect.. | | I | | |
L 0.4% _Z3dotRKbvect.. | | | | | |
|=| Streams
- stream 13 | [ Z6matvecRKGmatriRKbvectorst 12gpu | | " |
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KERNEL PROFILE

Memory hierarchy view
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VISUAL PROFILER

CPU Page Fault Source Correlation

L oecesiont § *NewSessiont<clone 22

=i Process “jacobi” {5267)
= Thread 655341440
Runtime AM
- Drver API
- Profiling Overhead
= Unified Memory
© Y CPU Page Faults
= [0] Graphics Device
= unified Memory
- ¥ Data Migration (DtaH)

T GPU Page Faults

¥ Data Migration (HtoD)
= Context 1 (CUDA)
L 100.0% jacobl_iter..
= Streams
- Default

225%

03s

0353

Selected interval

ey

0 055% 075

=l Properties &

CPU Page Faults

Timestamp

Memory Acccess Type
Virtual Address
Source Location
Process

| 440.45958 ms (440,459,581 ns)

§ Write
| 0x900100000 +

main@jacobi.cu:130
| 25684
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VISUAL PROFILER

CPU Page Fault Source Correlation

= Properties 2

CPU Page Faults
7 Timesfamp

Memory Acccess Type
Virtual Address
Source Location

Process

440.45958 ms (440,459,581 ns)
Write

Source line causing

§ "Mewtewsiom « jacobicu
float * a;
float * & new;
float * weights;

CUDA CALL{cudaMallocManaged(&a, nx*ny*sizeof(float)));
CUDA CALL({cudaMallocManaged(&a new, nx*ny*sizeof(float))):
CUDA CALL{cudaMallocManaged (&weights, n weights*sizeof(float)));

init{a,a new,nx, ny, weights, n weights);

cudaEvent T start,stop;
CUDA CALL{cudaEventCreate(bstart));
CUDA CALL{cudnEventCreate(&stop));

CUDA CALL{cudaDeviceSynchronize());
CUDA CALL{cudaEventRecord(start));

PUSH_RANGE(*while loop“,8)
int iter = 0;

while ( 1ter <= iter max )

PUSH RANGE("jacobi step”,1)
jacobi_iterationc<<dim3(nx/32,ny/4),.din3(32,4)>>>(a new,a.nx,ny,weights[a]):
CUDA_CALL(cudaGetLastErrori));

CUDA CALL{cudabDeviceSynchronize());

POP_RANGE

std::swapla,a new);
PUSH_RANGE | "periodic boundary conditions”,2)

//hpply periodic boundary conditions
for (int ix = 8; ix < nx; ++ix)

CPU page fault

) .
Al > al O nx+ix)=al(ny-2)*nx+ix];
aliny-1)*nx+ix])=af 1*nx+ix};
POP_RANGE

if [ 8 == iter%ioe )
std: icout<<iter<<std::endl;
1terss;
)

CUDA_CALL{cudaEventRecord(stop));
CUDA_CALL(cudaDeviceSynchronizel));
POP RANGE
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VISUAL PROFILER - NEW UNIFIED MEMORY EVENTS

Page throttling, Memory thrashing, Remote map

§ *unified- memory-new-events,nvwp 5

=i Process “systemwideAtomics. .
= Thread 3922552640
Runtme AP| )
Diver &AM
Profiling Overhead
= Unified Mesmory
W CPU Page Favits
=¥ Thrashing-Throttling
¥ Memory Thrashing
I Page Throttling
I Remote Map
= [0] Graphics Device
= Unified Memory
I Data Migration {(DtoH)

W GPU Page Faults

=
7 Data Migration (Htod) LI B e

= T Thrashing-Throttling
W Memory Thrashing
W Page Throttling
\f Remote Map

= Context Y (CUDA}

= Compute
W 100.0% atomcKer...
Defaule

thrashing

Page

throttling

atomieice nelling*)
atomiexarm int™)

atomieramesing \

Remote map

03155 03165 03185 03215 03225 03234
[ | [ | [1] |1 1[I [f | 1] [ |] | [ | ‘
|__Page incouting Il Pageitxoting [N INEN I vage fxott __Page 11xotting I __Page iheottiing |
! | I | | | '
A
| | [ L L | K1 W S
HEEE ] | HEERN 118 L BN
g EEER =EBRm
‘ [ 1 e | 8 A 8 A I
| (W0 | W N
[ | |50 |
i RN

034as o

|__Poge Theottiing
Fage Thiokthing
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VISUAL PROFILER

Unguided Analysis NVLINK visualization

T Anfiysis 38 B GIU Cetails (Sumimary) 5 CPU Getalls 7 OpamACE Detail &) Console —i Setcingt Static Runtime o
=1 = B i Reset All 4 Analyze All Resuits
i vk Amae ro ertles values
Eurh:';::;ﬂx:‘w:;ﬁ:zf;ﬁ:m* Thofollovdngmmktopdogydlmnsmlogialml.hkconncuombomncﬂ’swcvm.Alodcdnvumcwcmhomormop p vo d B on ]
TR receive throughput of device A is same as the transmit throughput of device B. The tables on right hand side show the properties for each logical NV
Data Movement And Concurrency @ * NVLInk utilization may vary in accuracy, because any activity within the sampling period is treated as active, even though most of that period could be |1
Logical NVLink Properties
Compute Utilization L Peak Peer 3 Peer 2
_— - LogicalnvLiok EZ00 oy m”‘""‘ Accadh :ﬁ;"‘ mmi‘“‘n:"“k uuilization % 1die time %
Kernel Performance » |w-mw-u, Tusia P100-5X.. GPUOC—>CPUO | BOGBYs 2/No  |ves |Ne im oi 10
stk = GPUO<->GPU1 | BOGB/s 2lyes N0 |ves |No n/a 100
Devomiony . 1383 ™ opa AIREMEA cpmo-omo' B0 GBS 2/ No Yes Ne | No o 10
~ ST e wzo-eoml B0 GB/s 2(No  |ves |No Mo o' 10
GPU2<->CPUI | BOGHYs 2/Yes |No |Yes Mo 100
GPUI<->CPU1 | BOGB/s 2/M0 |ves [No Mo ol 10
B o —_— = —
Option to collect o= = Logical NVLink Theoushput
138.00 v GPUG GRL2 1410 Logical NvLink Avg Theoughput Max Throughpit Min Theoughput |
NVLink information T L L o
‘ 138.065MB/s|  32203GB/s. 1897k
oa/s o8/s 08/s
‘ o8/s o8/s
~ N version 1.0 90,777 Me/s 36.031 GB/s 5.847 ka/fs
’ 138.241 MB/s 3314 c!fs% 1,949 kB/s
y WvEink 96,692 MBfs|  14798GB/s  14.791k8/s
! 141.799MB/s|  16.495GB/s 5.764k8/s
08/s o8/s 08/s
Te | Selected cPu2ecPus | o8/s ows§ o8/s
OpO Ogy 5 | 96,856 M8/s 14.786GB/s 13.863 k8/s
NVL]nk | azoeameys|  tedsTcEs|  176Ake/s

Color codes for
NVLink
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VISUAL PROFILER

NVLink events on timeline

© *p2pNVLinkP2PBandwidthLatency PASCAL_DGX.pdm 52

|

1?5

11.'55

12'5

12'.55

=]

8 = Properties 22 = g
NVlink

[=| Process "p2pBandwidthLate...
=] Thread 4028659584
“ Runtime API
 Driver API
- Profiling Overhead
[=| [0] Graphics Device

=] Nvlink
- [1] Graphics Device
- [2] Graphics Device

- [3] Graphics Device

[=| Context 8 (CUDA)
~ S MemCpy (HtoD)
- 57 MemCpy (DtoH)

- SF MemCpy (DtoD)

~ S MemCpy (PtoP)

Timeline

1 1 0L L0 L T ML W)
NVLink Events on

| start | 4710645 (4,710,644,316 ns)

’ . End i 72.71376 s (72,713,757,702 ns) |
Duration! 68.00311 s (68,003,113,386 ns) |

. The nvlink interval color legend
I Transmit Throughput
I Receive Throughput

4

MemCpy API

lL'.L.'

Color Coding of

NVLink Events
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VISUAL PROFILER

Multi-hop remote profiling - Application Profiling

Select custom script,
then create a remote
session as usual

Executable Properties

Set executable properties

Connection: Lk 10,248,204, 242 - [ Manage connections
Toolkit/Script: fhome/tk/remote_profiling.pl Manage
File: | home/compute_node/apps/matrixmul | Browse..

warking directory:
Arguments

Profile child processes

Environment: Name Value Add
Delete
Next » Cancel

e Application transparently runs on compute node and

profiling data is displayed in the Visual Profiler

NVIDIA Visual Profiler
BE e~ & & H R UEIS BNy
§ *NewSession1 2

0.3]6 3 0.3?5 s 0.3'7 s 0.3?5 s
[=] Process "matrixmul” (27514)

DOBERE s

[=| Context 1 (CUDA)
- 5I" MemCpy (HtoD) |
- 57 MemCpy (DtoH) |
[=| compute |
- 100.0% dmatrixmu... |
|=! Streams
- Default | |

- Runtime API
- Driver API
~ Profiling Overhead | | |
[=| [0] GeForce GTX TITAN X
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CPU SAMPLING

CPU profile is gathered by periodically sampling the state of each thread in the
running application.

The CPU details view summarizes the samples collected into a call-tree, listing
the number of samples (or amount of time) that was recorded in each function.

32 NVIDIA.



VISUAL PROFILER

CPU Sampling

[ Analysis B GPU Detaik (Summary) 54 CPU Detsis 77 @ OpenACC Detaits ) Conscle ™ Settings € ErorLog

Selected thread

is highlighted in

Range of time Orange
spent across

all threads

All threads >0 R

Event *

1 mp_bamies_tw 31578% 3899 ms
x_solve 11.513% A0 ms
compute_rhs 9.063% 20ms ‘JSDD ms
2_solve 4776% 9O ms lﬂo ms
y_solve 3735% 100 ms 1110 ms

o tzetar 0551% 10 ms’!l ms

Bar chart of the

amount of time

Percentage of time spent collectively by all threads

spent by thread
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PC SAMPLING

PC sampling feature is available for device with CC >= 5.2

Provides CPU PC sampling parity + additional information for warp states/stalls
reasons for GPU kernels

Effective in optimizing large kernels, pinpoints performance bottlenecks at specific
lines in source code or assembly instructions

Samples warp states periodically in round robin order over all active warps

No overheads in kernel runtime, CPU overheads to parse the records

34 NVIDIA.



VISUAL PROFILER - PC SAMPLING

Option to select sampling period

ets pena etails & Console [ Settings = = (w4

Session NewSession1

PCle Override: Rerun analysis after updating

_ Device: | [0] Graphics Device

Analysis PCle Generation: 2 Override:
PCle Link Width: 4 Override:
PCle Link Rate: 5 Gbit/s Override:

Sampling period: Rerun Kernel Profile - PC Sampling analysis after updating

) Default sampling period ® select sampling peﬁ)d HB -

The actual sampling period will be in 27n cycles
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VISUAL PROFILER

PC SAMPLING Ul

Pie chart for sample distribution for a CUDA
function

Sample distribution

memory dependency
- -

inztruction feteh
X2

memory dependency

. 2168 K
enecution dependency

1842 % epecution dependency
142K
inztruction fetch

synchronization
9693

3370 R

instruction izsued

240K
constant

138%

memory throttle
002

not selected

1665
pipe busy
0462
ather

Rk

\instruction issued

a9

other
939

pipe busy
0465

not selected
1BG %

mEmory throktle
008

synchronization _,,-"'

i -

E B RO0D OO OO O &

constant
139

——

Line Warp State

File - /C:/swapnaofficial/Maxwell/sampling/SFM/sessionl/estimate_combinedl.cu

188 int tid = threadldx.z * blockDim.x* blockDim.y + threadldx.y * blockDim.x + threadldxx 4
" Hotspots |
Stack bar with stall reasons |shift =0; | Tonpa
191 . . Go(inti=0;1<B; ++)
192 {
193 #pragma unroll

194 for (int) =i ) <&+ cols + b -
195 { '
196 ~syncthreads (); ' A
197 | smem([tid] = row{i] * row[j]; H.ots_.pot SOUTE h.n ev,‘,’,it’h ,
198 __syncthreads () _ highest number of samples
199
200 reduce<CTA_SIZE>(smem);
201 -
< m »
Warp State Disassembly v .
LUL R4, [F4): A
MOV RE, R3;
| MOVRZ R4
L_8:
BAR.SYNC 0x0;
| FMULFTZ R7, R4, R7;
STS [RO). RY;
BAR.SYNC 0x0;
! < HeCTOo AND PO, PT, R13, 07, PT;
Total Sample Count = 1288 }
synchronization = 847 (65.8%) p. [RO+0x200], | Tooltip with distribution of stall
other = 263 (20.4%) RISR7, RS, l reasons '
instruction fetch = 69 (5.4%) 4
execution dependency = 36 (2.8%) |F¥ =
memory dependency = 32 (2.5%) h ¥ e :
instruction issued = 23 (1.8%) ). PT, R13, 0x3f, PT; -
: _ , [RO+0x100];
pipe busy = 9 (0.7%) bs B7 B8
not selected = 8 (0.6%) heil
memory throttle = 1 (0.1%) E‘.Q;

R Y Y N I N
<

Source-Assembly view

b
»

36 <ANVIDIA.



NVPROF - MPI Profiling

NVPROF & Visual Profiler do not natively understand MPI

It is possible to load data from multiple MPI ranks (same or different GPUS) into
Visual Profiler though

Trick: Label your data to know which MPI rank it came from:

--process-name "MPI Rank %q{OMPI_COMM WORLD RANK}" --context-name
"MPI Rank %gq{OMPI_COMM_ WORLD_ RANK}”

Trick: Give every rank its own filename

-0 timeline.%q{OMPI_COMM_WORLD_ RANK}.nvprof

See
for one more trick for showing MPI calls on your timeline.

NVIDIA CONFIDENTIAL. DO NOT DISTRIBUTE. 37
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https://devblogs.nvidia.com/parallelforall/gpu-pro-tip-track-mpi-calls-nvidia-visual-profiler/

$ mpirun -n 4 --gpu

==89073== NVPROF 1is
==89070== NVPROF 1is
==89075== NVPROF is
==89066== NVPROF is
<program output>

==89075== Generated
==89073== Generated
==89070== Generated
==89066== Generated

NVPROF - MPI Profiling

profiling process
profiling process
profiling process
profiling process

result file:
result file:
result file:
result file:

./laplace2d.solution

89073,

89070,
89075,
89066,

command:
command:
command:
command:

./laplace2d.
./laplace2d.
./laplace2d.
./laplace2d.

solution
solution
solution
solution

38
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MULTI-PROCESS PROFILING

When running nvprof with multiple processes, it’s useful to label each process:

$ nvprof -o timeline rank%g{OMPI COMM WORLD RANK} \
—-—context-name “MPI Rank %$g{OMPI COMM WORLD RANK} \
—--process-name “MPI Rank %q{OMPI COMM WORLD RANK} \

—-—annotate-mpi openmpi ..
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PROFILING MPI+CUDA APPLICATIONS

Using nvprof+NVVP

New since CUDA 9

Embed MPI rank in output filename, process name, and context name (OpenMPl)
nvprof --output-profile profile.%g{OMPI COMM WORLD RANK} \

--process—-name "rank Sg{OMPI COMM WORLD RANK} ™

--context-name "rank %Sg{OMPI COMM WORLD RANK} "

-—annotate-mpi openmpi

Alternatives: MVAPICH2: MV2 COMM WORLD RANK
-—annotate-mpi mpich

Only save the textual output (--log-file)

Collect data from all processes that run on a node (--profile-all-processes)

67 “AnNVIDIA.



window

Select

Select animport source:

Import profile data generated by nvprof.

Help

=)

Command-line Profiler

J

Cancel

MPI PROFILING

import Nvprof Data

Nvprof profile files

Import profile data for a single process or for
multiple processes

() Single process

@ [Multiple processes|

<Back | Next Cancel Finish

Importing into the Visual Profiler

§ import Nvprof Data
Import Profile Data for Multiple Processes

Select nvprof profile files containing timeline data for multiple processes

Profile Files | Timeline Options

Connection:

The nvprof profile files:
[home/apoorvaj/sw/gpgpu/bin/x86_64_Linux_debug/timeline. 3.pdm
/home/apoorvaj/sw/gpgpu/bin/x86_64_Linux_debug/timeline.2.pdm
[home/apoorval/sw/gpgpu/bin/x86_64_Linux_debug/timeline. 1.pdm
[home/apoorvaj/sw/gpapu/bin/x86_64_Linux_debug/timeline,0.pdm

Normalize each profile file independently

Use fixed width segments for Unified memory timeline

< Back

Cancel

Manage connections...

Browse...

Remove

[ et My
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MPI Rank-based
naming

[~ Process "MPI Rank 0" (10278)
[=| Thread MPI Rank 0
- Runtime API
- Driver API
[=] Markers and Ranges
- Default Domain
- Profiling Overhead

NVTX Markers &
Ranges

Runtime AP
Orrewe A%
= Markers and Ranges
Dy Dofault Domain
- Pr Overhoad
= Process "MPY Rank 0° (10278)
= Thread MPi Rank O
Faetios AP
Dviver AP
= Markers and Ranges
Defoult Domain

S
B = Thread MPf Rank 1
=]

= Process "M Rank 37 (10200)
T Thread MPf Rank 3
Runtime APY
Driver AP
= Markers and Ranges
Oefait Domain
* Profiling Overhead
= Process *MEt Rank 27 (10283)
= Thread MPf Rank 2
Runtime APt
Oriver A

,-andlmc

= Process "MPt Rank 1° (10274)

Defaudt Domain
Profiing Overtiead
=1 [MP1 Rank 0] GeForte GTX T,
= Conkext MP Rank O (CUDA)
T MemCpy MtaD)

MPI PROFILING

Visual Profiler

cudaMatiod

See: https://devblogs.nvidia.com/parallelforall/gpu-pro-
tip-track-mpi-calls-nvidia-visual-profiler
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PROFILER API

Real applications frequently produce too much data to manage.

Profiling can be programmatically toggled:
#include <cuda profiler api.h>

cudaProfilerStart() ;

cudaProfilerStop() ;
This can be paired with nvprof:

S nvprof --profile-from-start off ...
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SELECTIVE PROFILING

When the profiler API still isn’t enough, selectively profile kernels, particularly with
performance counters.

$ nvprof --kernels :::1 --analysis-metrics ..

context:stream:kernel:invocation

Record metrics for only the first
invocation of each kernel.

45 NVIDIA.



NVTX ANNOTATIONS

The NVIDIA Tools Extensions (NVTX) allow you to annotate the profile:
#include <nvToolsExt.h> // Link with -lnvToolsExt
nvtxRangePushA (“timestep”) ;
timestep() ;

nvtxRangePop () ;

See for more
features, including V3 usage.
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NVTX IN VISUAL PROFILER

§ NVIDIA Visual Profiler - o X
File View Window Run Help
gl Ry g Q|EFRISESEIA~

& | "all-magma.nvprof 12

-

125 ¢ 130 ¢
~| Process “gmcpack yme-S32Zxml” (. N a m ed Ra n ge
|~ Thread 2305308608
Runtime AP
Driver AP

Has P NE

VMCiblock
ISR ———

Profiling Overhead | . | | | | | |
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- 7.3% void coulomb._. IS U 1S T [ I S K P LAY [ R S A Y O [ I
vesswaworod. | HHEH B EEEEEEEEEEEEENE N
'-rsmo-duu.mw-»(- EEEEEEEEEEEEEEEEEE. - v
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EXPORTING DATA

It’s often useful to post-process nvprof data using your favorite tool (Python, Excel,

)
S nvprof --csv --log-file output.csv \

—1 profile.nvprof

It’s often necessary to massage this file before loading into your favorite tool.
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OPENMP PROFILING

Information about OpenMP regions using the OpenMP tools interface (OMPT) starting
CUDA 10.0

Supported on x86_64 and Power Linux with PGI runtime 18.1+

Supported added in the CUPTI, nvprof and Visual Profiler
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OPENMP PROFILING IN NVPROF

nvprof option openmp-profiling to enable/disable the OpenMP profiling, default on

$nvprof openmp-profiling on . /omp-app

Type Time(%) Time Calls
OpenMP (incl): 99.97% 277.10ms 20
0.03% 72.728us 19
0.00% 7.9170us 7

Option --print-openmp-summary to
activities

Avg Min Max Name
13.855ms 13.131ms 18.151ms omp_parallel
3.8270us 2.9840us 9.5610us omp_idle

1.1310us 1.0360us 1.5330us omp _wait barrier

print a summary of all recorded OpenMP
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OPENMP PROFILING IN VISUAL PROFILER

© NVIDLA Visusl Prafiler
Ple Yiow Ymdos Fun

bl

§ “openerp peot

- Process 0

= Thread @

Openhi®

Nerme
OMP_Paraliel
OMP_War_bamer
OMP _Idle

telp

D074%

Terw
12333856 ms
030816 ms
00907 ma

003 s

5 OpenhVW Details

Caly
20
19
19

005 s

01

Prepeting

OMP_Paralicd

Seart

5190515 e

3814554 .

E.2404 v (6
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OPENMP PROFILING IN VISUAL PROFILER

[T# OpenMP Details E2 = O
Mame % Time Calls
OMP_Parallel 93.895% S5ds 3003
QPP _Idle 16.619% 08s 3002
OMP_Wait_barrier 7.528% 0ds 3001
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PROFILING NVLINK USAGE

Run nvprof multiple times to collect metrics
nvprof --output-profile profile.<metric>.%g{OMPI COMM WORLD RANK}\
--aggregate-mode off --event-collection-mode continuous \

--metrics <metric> -f

Use "--query-metrics and "--query-events  for full list of metrics (-m) or events (-€)

Combine with an MPI annotated timeline file for full picture
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PROFILING NVLINK USAGE

Using nvprof+

§ Impon Mvgeol Data

Import Frofile Data for Single Process
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Number of segmenes werity the nummes of sagrments for unched memory tmelnes (Oefa )

firean

Manage connections..
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Cancel

NVVP
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PROFILING NVLINK USAGE

Using nvprof+
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Import Frofile Data for Single Process
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PROFILING NVLINK USAGE

Using nvprof+NVVP

§ Impon Mvgeol Data o x

Import Frofile Data for Single Process
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Results

i NVLink Analysis
The following MNVLink topology diagram shows logical NVLink connections between GPUs and CPUs. A logical NVLink can contain one or more physical links. When two devices A and B are connected by an NVLink, the receive throughput of device A is same as the transmit throughput of device

EB. The tables on right hand side show the properties for each legical NVLink.

SUMMIT NVLINK TOPOLOGY

* NVLink utilization may vary in accuracy, because any activity within the sampling period is treated as active, even though most of that period could be idle.

GPU1
[Tesla V100-SXM...

F

271

2 MB/s

GPU 2
[Tesla V100-SxM. .

Legical MVLink Properties

3
GPU 0
[Tesla V100-5XM..,

70.2FBMBEMBY,

414,98 MB/s

441.3

CPUD

F MB/s

Logical NVLink PeakBandwidth PhysicalNVLinks PeerAccess SystemAccess  PeerAtomic SystemAtomic Utilization % 1dl
GPU 4 GPUD<--=CP... 100 GB/s 2 Mo Yes Mo Yes 0
Tesla V4100-SXM.. GPUD=<--=GP... 100 GB/s 2 Wes Ne Yes Ne ]
GPUD<-->GP... 100 GB/s 2 Wes Mo Yes Mo 0
3
GPUQ<--=GP. 24 GB/: 2 0
TS e _—______-
GPUD<--=GP... 24 GB/s 2 Yes es 0
GPUS --
U1 _ {6513 V1 00-SKM. GPUT<--»CP... 100 GB/s 2 No Yes Mo Yes 0
400 84 MB/s GPUT<-->GP.. 100 GB/= 2 Yes Mo Yes MNo 0
GPU1=--»GP... 84 GB/s 2 Yes 0
S - ________I
L GPU1<-->GP.. 24 GB/s 2 Yes Yes
456.71 MBis GPU 3 GPU2<--»CP... 100 GB/s 2 No Yes No Ves 0
[RESERE RIS GPU2<--»GP... 84 GB/s 2 Ves
GPU2<-->GP... 84 GB/s 2 Wes Yes
GPU3=<--=CP... 100 GB/s 2 Mo
GPU3=--=GP... 100 GB/s 2 Yes

GPU3<--=CP... 100 GB/s Mo Yes Yes
< >

Loaical NVLink Throuahout
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CPU PAGE FAULT SOURCE CORRELATION

= E v 4| Reset All | iy Analyze All Results

To enable kernel analysis stages select a host-launched kernel
instance in the timeline.

Application The following table shows the top locations where CPU page faultsjoccurred

(Double-click to open the location in source code)

Data Movement And Concurren
g CPU page faults Source location

Compute Utilization i 1001 main@jacobi.cu:130 The location in source code where the CPU fault occurred
1001 main@jacobi.cu:130
Kernel Performance il 4 Unknown
2 Unknown
Dependency Analysis % 1 _Z4initPFS_iiS_i@jacobi.cu:85
iviisk i 1 Unknown
Vi
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NSIGHT PRODUCT FAMILY

> Standalone Performance Tools Workflow
> Nsight Systems  system-wide application algorithm tuning C,:?(‘z?x;tgg e\d
> Nsight Compute Debug/optimize specific CUDA kernel
> Nsight Graphics Debug/optimize specific graphics 0} | Nsight Nsight

> IDE plugins Compute Graphics

» Nsight Eclipse Edicion/Visual Studio editor, debugger, some perf analysis

8 “ANVIDIA.



&’ NSIGHT SYSTEMS

Profile application

Multi-process tree, GPU workload trace, etc
Investigate your workload across multiple CPUs and GPUs
CPU algorithms, utilization, and thread states

GPU streams kernels, memory transfers, etc

NVTX, CUDA & Library API, etc

Ready for Big Data

docker, user privilege (linux), cli, etc

Profile
Application

Nsight Systems

Optimize
Inspect &
Analyze

9 “ANVIDIA
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.

-

CPU (80)
Threads (78)

v [1221583] Caffe2f ~

NVTX
CUDA

v [1221 affe2F -

NVTX
CUDA API

v [1221589] Caffe2f ~

NVTX
CUDA API

v [1221587] Caffe2F -

v [1221582] Caffe2f -

-

73 threads hidden...
CUDA (Tesla V100-SXM2
CUDA (Tesla V100-SX

’M | ConvGradient [1... |
m (=] (0 C cudaEventSynchronize

| -

&)

sl ||

T T . r . =

T . ?

B CUDA Kernel running
Time: 0.666129s
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TRANSITIONING TO PROFILE A KERNEL

= « [1221688) Caffe2f -

NVTX
CUDA API

* « [1221580] Caffe2 -

NVTX
CUDA API

v v [1221687] Caffe2f -

v [1221582] Catfe2f -

CUDA (Tesla V100-SXM2
CUDA (Tesla VI100-SXM
~ Stream 266

Aattam-1in View «

Kernaels
worad_alg0_engine
void cudnn::detail:
void cudnn::detail::
void cudnn::detall
volta_scudnn_128x6-
volta_scudnn_128x6.
dgrad_engine

Dive into kernel analysis

-

-
~

wgrad_algd_engine

Pracaes N7MARRT] nvthan2 7 (5 af 7R threada)

——
=
—
- pe—

voita_scudon 128412

| voits_scudnn_128x128_stridedB_interior_nn_v1

Begins: 0. 6662685

Ends: 0.6664160 (+147.616 pa)

grit: <<<392, 2, 1>>>

block: «<<2586, 1, 155>

Launch Type: Regular

Static Shared Mamary: 32,768 bytes
Dinamic Shared Memory: O bytes
Registers Per Thread: 128

Local Memory Per Threed: D bytes
Local Memory Total: 207,093,760 bytes
Theoretical accupancy: 26 %
Launched from thread: 1221585
Lstency: 344,757 s

Correlation 1D: 11285084
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NVIDIA NSIGHT COMPUTE

Next Generation Kernel Profiler

Interactive CUDA APl debugging and kernel profiling
Fast Data Collection
Graphical and multiple kernel comparison reports

Improved Workflow and Fully Customizable
(Baselining, Programmable Ul/Rules)

Command Line, Standalone, IDE Integration

Platform Support
> 0S: Linux(x86,ARM), Windows, OSX (host only)

> GPUs: Pascal, Volta, Turing

Kernel Profile Comparisons with Baseline
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PROFILING GPU APPLICATION

Focusing GPU Computing

How to measure Low GPU
Utlhzat]on
GPU Profiling

CPU/GPU

Low SM Low Achieved Memory Instructions
Tracing Efficiency Occupancy Bottleneck Bottleneck
. . * Too few threads + Cache misses * Arithmetic
Appllcgtlon - Register limit - Bandwidth limit - Control flow
Tracing » Large shared * Access pattern
memory

|
NVIDIA (Visual) Profiler / Nsight Compute

¢S

NVIDIA Supports them with cuDNN, cuBLAS, and so on

14 “ANVIDIA.



PROFILING GPU APPLICATION

Focusing System Operation

How to measure Low GPU
Utlhzat]on

GPU Profiling ‘

Low SM Low Achieved Memory Instructions
Efficiency Occupancy Bottleneck Bottleneck

CPU-Only Memcopy Kernel Launch
Activities Latency Latency

Job Startup / CPU g
Checkpoints Computation

Nsight System / Application Tracing

15 “ANVIDIA.



. HOW TO USE




NSIGHT SYSTEMS PROFILE

APIs to be traced

A
4 A

$ nsys profile —t cuda,osrt,nvtx,cudnn,cublas \
—0 baseline.qdstrm —w true python main.py
< _ \ J
' R/_J Y

Name of Show output  Application
output file on console command

Automatic conversion of .gdstrm temp results file to .qdrep format if converter utility is available.

cuda - GPU kernel

osrt - OS runtime

nvtx - NVIDIA Tools Extension
cudnn - CUDA Deep NN library
cublas- CUDABLAS library

https://docs.nvidia.com/nsight-systems/#nsight systems/2019.3.6-x86/06-cli-profiling.htm

17 CANVIDIA



https://docs.nvidia.com/nsight-systems/#nsight_systems/2019.3.6-x86/06-cli-profiling.htm

NSIGHT SYSTEMS PROFILE

No NVTX

bert-fpl6.adrep X bert-fp32-nvtx.qdrep ¥  bert-fpi6-nvix.qdrep %

;rrlf‘wneine View -

~ CUDA (Tesla V100-DGXS-16GB, 0000:07:00.0)
~ 94% Default stream (7)
~ 98% Kernels
* 19% elementwise_kernel
* 13% volta_sgemm_128x32_tn
* 12% volta_sgemm_128x32_nn
+ 8% volta_sgemm_128x64_nt
» 6% volta_sgemm_32x128_nt
28 kernel groups hidden
* 1% Memory
» 5% Stream 306

1 stream hidden...

sdsmssaxnunissdody leleled

E

lddnnad
AilLean

daddis

PR S S T

S~ x
50.8s 80s 80.2s 00.4s 80.0s 60.8s
- e A T TS T T W e n T TSI L T e T s
N PO S e S B T SEP P
' ' AT »
F VNS — P ITTTVN - ] STV PN
*M shbhh s 21 [ele b Jaada ta L fa Baf ‘AM P FSNINEN TR S P NLVIFTR PR P S | .
AL LU

Laesaddddsends landddddlnnaa

Lesnilillosanl Leanbillugan

JdJdsagauiddlaa llrswaaadlin

A R 0 L i ki S ARNAN RN AR sl

> Difficult to understand = no useful
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NV#X (NVIDIA TOOLS EXTENSION)




NVTX ANNOTATIONS

def train(args, model, device, train_loader, optimizer, epoch):
model.train()
for batch_idx, (data, target) in enumerate(train_loader):

data, target = data.to(device), target.to(device)

optimizer.zero _grad()
output = model(data)
loss = F.nll _loss(output, target)

20 ~NVIDIA.

https://pytorch.org/docs/stable/ modules/torch/cuda/nvitx.html



https://pytorch.org/docs/stable/_modules/torch/cuda/nvtx.html

NVTX ANNOTATIONS

import torch.cuda.nvtx as nvtx
def train(args, model, device, train_loader, optimizer, epoch):
model.train()
for batch_idx, (data, target) in enumerate(train_loader):
nvtx.range push("Batch " + str(batch_idx))
nvtx.range_ push("Copy to device")
data, target = data.to(device), target.to(device)

nvtx.range pop()

nvtx.range push("Forward pass™)
optimizer.zero_grad()

output = model(data)

loss = F.nll loss(output, target)
nvtx.range_pop()

nvtx.range_pop()

https://pytorch.org/docs/stable/ modules/torch/cuda/nvitx.html

Batch %d

]

copy to device

Forward pass

21

~nNVIDIA.


https://pytorch.org/docs/stable/_modules/torch/cuda/nvtx.html

NVTX ANNOTATIONS

from cupy.cuda import nvtx
def train(args, model, device, train_loader, optimizer, epoch):
model.train()
for batch_idx, (data, target) in enumerate(train_loader): Batch %d
nvtx.RangePush("Batch " + str(batch_idx)) )
nvtx.RangePush("Copy to device")
data, target = data.to(device), target.to(device) ] copy to device

nvtx.RangePop()

nvtx.RangePush("Forward pass")
optimizer.zero_grad()

output = model(data) Forward pass
loss = F.nll loss(output, target)
nvtx.RangePop() o
nvtx.RangePop()

22 ~nNVIDIA.

https://docs-cupy.chainer.org/en/stable/



https://docs-cupy.chainer.org/en/stable/

NSIGHT SYSTEM PROFILE

NVTX for data loading (data augmetnation)

for batch_idx, (data,target) in enumerate(train_loader):

nvtx.range_push('Data loading')
(data,target) = train_loader.next()
nvtx.range_pop()

~nNVIDIA.



BASELINE PROFILE

» MNIST Training: 89 sec, <5% utilization

= CPU walts on a semaphore and starves the GPU'

¥ ¥] [1172] python ~

i

(<]

@
" 3
> i

pthr...] sem_timedwait pthr...| sem_timedwait pthr...
0S runtime librarie - 3 - .
CUDA API f | | | [ e
Wk Ll [ i 10 b ) B kil
CUDA (Tesla V100-SXM3  #* ol ' — e e e — T,
\ ] \ J
| Y

GPU Starvation GPU Starvation # g



BASELINE PROFILE (WITH NVTX)
- m

sem_timedwait pthre... sem_timedwait pthre...

fwd/bwd fwd/bwd
Epoch 1 [11.584 s]
Train [10.339 s]

NVTX ([Default]) -—
.. Data loading [5.124 ms] |Batch 50 [3.230 .. | Data loading [4.434 ms]

or... Backward...

v V| [1497] python ~

]
Y

0S runtime librarie

CUDA API

CUDA (Tesla V100-SXM3 & ' P ' . - A g

\
GPU is idle during '_,

Data is loaded using a single thread. This starves the GPU! 5 v



OPTIMIZE SOURCE CODE

Data loader was configured to use 1 worker thread

kwargs = {'num _workers': 1, 'pin memory' True 1if use_cuda else {}

*

Let’s switch to using 8 worker threads:

kwargs = {'num _workers’: 8, 'pin memory' True if use_cuda else {}

26 “ANVIDIA



AFTER OPTIMIZATION

- Time for data loading reduced for each bath

S +162.3ms

8s +162.ims +162.12ms +162.14ms +162.18ms +162.2ms +162.22ms £162.24ms +162.26ms +162.32ms
4 [V] [291] python ~ _ .
=

+162.34ms +i6

b
w
o
)
tw

pthread ... pthr... [pthr...

OS runtime librarie

Epoch 1 [8.044 s]

Train [7.033 s]
Data loading [59.544 us] Batch 50 [3.877 ms]
Copy to device [130.645 ps]

NVTX ([Default])

Forward pass [1.815 ms

CUDA APT cud...| cudaStreams...| .. Joud...

Reduced from 5.1ms to 60us for batch 50 S —






CASE STUDY: OPENACC SAMPLE



OPENACC SAMPLE

Sample from https://devblogs.nvidia.com/getting-started-
openacc

Solves 2-D Laplace equation with iterative Jacobi solver
Each iteration

A stencil calculation
Update the matrix

Check if error tolerance is met. If not, go to step 1.

44 NVIDIA.


https://devblogs.nvidia.com/getting-started-openacc
https://devblogs.nvidia.com/getting-started-openacc

SAMPLE (CPU VERSION)

while ( error > tol && iter < iter_max ) { —Convergence loop
error = 0.0;
for( int j = 1; j < n-1; j++) { -
for( int 1 = 1; i < m-1; i++ ) {
Anew[j][i] = .25 * ( A[j][i+1] + A[J][1i-1] + . :
A[F-11[1i] + A[F+1]1[i]); —Stencil calculation
error = fmax( error, fabs(Anew[j][i] - A[Jj][i]));
}
}

—

for( int j = 1; j < n-1; j++) {
for( int 1 = 1; i < m-1; i++ ) {
A[F1[i] = Anew[j][i]; ~- Update matrix

}
} -
iter++;

}

45 NVIDIA.



OPENACC SAMPLE

while ( error > tol && iter < iter_max ) { —Convergence loop

error = 0.0;

#pragma acc kernels

{ —
for( int j = 1; j < n-1; j++) {

for( int 1 = 1; i < m-1; i++ ) {
Anew[j][1i] = ..

error = fmax( error, fabs(Anew[j][i] - A[J][i]));

— Stencil calculation

}
}
for( int j = j < n-1; j++) {
for( int 1 1; 1 < m-1; i++ ) {
} A[j][i] = Anew[]j][1];
}
}

iter++;

}

—

1;

- Update matrix

46

NVIDIA.



PERFORMANCE

Execution time for 1000 iterations on a system with: : I
Intel® Core™ i7-6850K CPU That is unexpected!

NVIDIA TITAN X (Pascal) GPU

47 <ANVIDIA.



OPTIMIZATION WORKFLOW

Profile
Application

Nsight Systems

Optimize

Inspect &
Analyze '




BASELINE PROFILE

[
"
H '
.

¥ ¥ [13535] jacobi_act *

*1 Enter D... H Exit Data : jacobi.c:90 ]Enter Da... | Exit Data : jacobi.c:90 ]
OpenACC —— - — -
L
A Convergence Ioo_p [102.365 s]
NVTX ([Default]) ! Iteration 20 [101.701 ms] | Iteration 21 [101.521 ms] .

|

.|Stencil c...|  Update matrix [76.747 ms] [«Stencil C..| Update matrix [76.589 ms]  |..

N

cuDi A J WUER DS 0000 BEERUEEE HHGMEELSOE S 88 UEELEHEH

CUDA (TITAN X (Pascal), ‘ : ' ' !
( (Pancal). i 22020 s BB EERAEAEREERMALIMLAAE 2 AEEBRAEAEEEEERRAANLENELMN

P Kerneis H H

¥ Memory AN A RAAASEREAAEEASEAAAE TS L B R A B L EAAEAALARLE. n

HtoD memcpy 8 ) Bt 0 e e FO et e g o u

Excessive data copies slowing down GPU 5 Snvioia



OPENACC SAMPLE

while ( error > tol && iter < iter_max ) { —Convergence loop

error = 0.0;

#pragma acc kernels

{ —
for( int j = 1; j < n-1; j++) {

for( int 1 = 1; i < m-1; i++ ) {
Anew[j][1i] = ..

error = fmax( error, fabs(Anew[j][i] - A[J][i]));

— Stencil calculation

}
}
for( int j = j < n-1; j++) {
for( int 1 1; 1 < m-1; i++ ) {
} A[j][i] = Anew[]j][1];
}
}

iter++;

}

—

1;

- Update matrix

50

NVIDIA.



OPENACC SAMPLE

#pragma acc data copy(A) create(Anew)
while ( error > tol && iter < iter_max ) { —Convergence loop

error = 0.0;

#pragma acc kernels

{ —

for( int j = 1; j < n-1; j++) {
for( int 1 = 1; 1 < m-1; i++ ) {
Anew[j][i] = .. — Stencil calculation

error = fmax( error, fabs(Anew[j][i] - A[F][1i]));

}
} =
for( int j = 1; j < n-1; j++) {
for( int i = 1; 1 < m-1; i++ ) { .
A[31[1i] = Anew[j][i]; - Update matrix

—

51 <ANVIDIA.



¥ ¥ [13959] Jacobl_act -

OpenACC

NVTX ([Default}))

CUDA API

¥ CUDA (TITAN X (Pascal))

?  Kernels
v Memory

Memset

HtoD memcpy

DtoH memcpy

AFTER OPTIMIZATION

.L.;Ll‘Computie Construct : j.. [Compute Construct 'Compute Construct : ...|Compute Construct... ..
Wait : jacobi.c:93 || Wait : jacobi.c: 116 |\ Wait : jacobi.c:93 | Wait : jacobi.c:116

Convergence loop [2.125 s]
4] Iteration 20 [1.782 ms] | lteration 21 [1.782 ms] ..
]Stencnl calculation [95...| Update matrix [82... [Stencil calculation [95.. .| Update matrix [82... |

cuStreamSynchromze cuStreamSynchron ”cuStreamSynchromze ‘cuStreamSynchron... )

 main 93 gpu | - mainlléagpy | 2 main93 apu | main 1’ H};i:{(;‘i‘;'[a*

W'—
e

Excessive data copies eliminated

52 <ANVIDIA.



AFTER OPTIMIZATION

CUDA kernel coverage on GPU is ~97%

¥ CUDA (TITAM X (Pascal)) ' B CUDA Kernel running (97%) _|'|”||'H
Time: 1.65544s

53 NVIDIA.



AFTER OPTIMIZATION

Execution time (s)

CPU (serial) GPU (v1 OpenACC) GPU (OpenACC

Execution time for 1000 iterations on a system with:

Intel® Core™ i7-6850K CPU 44x speedup!
NVIDIA TITAN X (Pascal) GPU

https://www.openacc.org/resources for more best practices 54 <ANVIDIA



https://www.openacc.org/resources

COMMON OPTIMIZATION OPPORTUNITIES

> CPU
Thread synchronization

Algorithm bottlenecks starve the
GPUs (case study 1)

» Multi GPU
Communication between GPUs

Lack of Stream Overlap in memory
management, kernel execution

> Single GPU

Memory operations - blocking,
serial, unnecessary (case study 2)

Too much synchronization -

device, context, stream, default
stream, implicit

CPU GPU Overlap - avoid
excessive communication

55 <ANVIDIA.



