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UPDATES FOR CUDA 9.2

NVPROF

VISUAL PROFILER

Many New Metrics:
- Tensor Core Metrics
- L2 Metrics
- Memory Instructions
Per Load/Store

Display PCle Topology

View Trace and Profile in
combined output (--trace)

Summary View for Memory
Hierarchy

Improved Handling of Segments for
UVM Data on the Timeline




UPDATES FOR CUDA 10.0

Added tracing support for Turing
New kernel profiler - Nsight Compute (supports Turing)
OpenMP profiling

Tracing support for CUDA kernels, memcpy and memset nodes launched by a
CUDA Graph

Support for version 3 NVIDIA Tools Extension APl (NVTX) (This is a header-
only implementation)
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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)

=/ [0] Tesla K40c
[=] Context MPS (CUDA)
- MemCpy (HtoD) 111} i (i 111 (i (111
-7 MemCpy (DtoH) I I I I I I

H Compute . float const ... Stepl0_cuda ... Stepl0_cuda_kernel...
Step10 cuda k... Stepl0 cuda...
. float co " Stepl0_cu . Stepl0_cuda_kern
-5 100.0% SteplO c... i =
- Stepl0 cuda k.. Stepl0 cuda...

Streams

The first step in analyzing an individual kernel is to

ihiar e ey
“Stepl0_cuda_kernel is most likely limited by ocaltoads o Stall Reasons
compute, ;‘"T""ﬂ execution

ared Loads
Shmed Stors dependency
I i Global Loads
iy perform Compute Analysis i
The most likely bottleneck to performance for this kernel is Lirshared Total
compute so you should first perform compute analysis to
determine how it is limiting performance.

L2 Cache

Fmads 6339426 236.738 GBfs

wrtes 21414 1173 6ajs

A Total 6370840 | 2379128/ — 1 data
[, perform Latency Analysis ” n request

instruction
fetch

Texture Cache

|l Perform Memory Bandwidth Analysis |n--rn 240.886 Gaje

Device Memary
Instruction and memory latency and memory bandwidth are

likely not the primary performance bottlenecks for this e

7504 | 260228 MBls
lkernel, but you may still want to perform those analyses 1570138 | 56.635 GBS

[ PCle configuration: Gan3 x16. 8 Gbitts |
[ Rerun Analysis

3
4| 149375 kBjs

4 149378 kB
to update this analysis.

If you modify the kernel you need to rerun your application

0B ‘ synchronization




DATA MOVEMENT IN VISUAL PROFILER

[ rorror ajann

File Wiew Window Run Help
BHs - o @&lF RI[EELTA

*NewSessionl &3

e D)

[=l Process "cg" (23919)
[=] Thread 3484149632

acc_enter_data@wvec... -I acc_enter_data@vec... acc_co.. ... acc_enter_data@wec...

. 1]
L DpenACC

l|IIIIIIIII|IIIII-II-|III|IIIIII|I-IIIIIII|III||I|IIII|II|IIIII|III
- Driver AP [NARESCIE T VA = Y A

- Profiling Overhead
[=| [0] Tesla K20c
[=| Context 1 (CUDA)

EII '] BH [II |5." h L'rl |

- Memcpy (HteD) [l A0 ey A0 1 A
=¥ MemCpy (DtoH) LN LN (RN

[=l Compute | | | | Brma... | | | |
L SF 97.0% _Z6matvec...
- 5F 2,0% _Z6waxpbyd...
L 0.9% Z3dotRK6w.,
L5 0.1% Z3dotRKbw..
[= streams
- Stream 13




UVM IN VISUAL PROFILER

MNVICIA Visual Profiler
Eile View Window PRun Help

i~ W Q- F R|IELLA-

& *timelineUM.nvprof &2 = g &
e b7s 08 09 1s 115 125 135 145 155 =

""_ — - — E@g

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

=
Ca

L QOpenACC

L Driver AP [ cuSt.. cuSt.. cuSt.. cust.. cu

L Profiling Overhead
[=] Unified Memary
L 5F CPU Page Faults a.. CPUPa... CPUPa..

[=| [0] Tesla FLOO-5XM2-16GE i
[=| Unified Memaory |

L 5FF 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 SF MemCpy (HtaD) | | ” | | |
L 5F MemCpy (DtaH) | | | | | |
= compute [ Z6matvecRKBmatriRKbvectorsd_12gpu | T
- 7 95.6% ZomatvecRK... 1 []
L S 33% ZowaxpbydR... [ [ | | | | |
L 5F 0.7% _Z3dotRKevedt... | | ” | | |
L 5F 0.4% _Z3dotRKevedt... | | | | | |
[=] streams
- stream 13 [ _Z6matvecRKBmatroRKbvectorsd_12gpu | | [ T
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KERNEL PROFILE

Memory hierarchy view

:_'b‘
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8 <INVIDIA.



VISUAL PROFILER

Segment mode timeline

§ #Newsessiont & =g = properties 2 = 7
0_% s 0.2‘5 5 0.? 5 0.3‘5 5 0.!‘1 5 0.4‘5 5 0.% 5 O.SIS s 0_§ s 0.6; 5 0_? s OJ‘S 5 0.§ 5 0.8; i
= Process "jacobi" (5267) CPU Page Faults
= Thead 655341440 The segment mode is used For this timeline. In this mode the timeline is split
. inko equal width segments and only aggregated data values for each time
prSm— segment are shown.
trofngoetesd [l | | Timestamp | 268.60478 ms (268,604,778 ns)
Eihdiy End 278.93573 ms (278,935,731 ns
Vo J 1 ' [ | : - LD
5 ] aptics Deice 2 Duration i 10.33095 ms (10,330,953 ns)
5 Unfied Memory Virtual Address Range 0x900000000 - 0x9001FFO00
-7 DataMigration Dok 1! ' ! ' | | Process | 5267
Y upeais I S S R '
RE— M EE E (W N
= Context 1 (CUDA)
= Comute Al L I
“ 1000%jacobiter. 1 v e The number of CPU page Faults per second within the segment
Fstreams B o-10°% [0-30000]
- Deait Al N B 10-20% [30000-60000]
I 20-30% [60000-90000]
B 30-402% [90000-120000]
I 20-50% [120000-150000]

50-609% [150000-180000]

60-709% [180000-210000]

70-80% [210000 -240000]
I 350-°50% [240000-270000]
I 50-100% [=270000]

9 <NVIDIA.



VISUAL PROFILER

Switch to non-segment view

T Analysis B8 GPU Detfils (Summary) BH CPU Details ™ OpenACC Details E Consolel [Cm Settings 22 I = A
Session NewSessiof1

]
Executable [ Use Fixed width segments For Unified memory timeline

Timeline Options | ., mber of segments | 100

[ (Load data For time range|

Start time [225 ms to End time | 700 ms

Enable timelines in session view
v & All
¥ & Process
> & Thread
. & Profiling Overhead o o o po o
ARV E]S] @ wiarkers and Ranges Load data within a specific time range
& OpenACC
& Pthread
® CPU Page Faulks
¥ & Device
> B Unified Memory
= & Context

B Openinnew session

Apply

10 <A NVIDIA.



VISUAL PROFILER

Non-segmented mode timeline

T “Newsessionl | *NewsSessionl-clone 2

b255

03s 0.35s 04s 0455 05s 055s 06s 0655
. . .

[=I Process "jacobi” (5267)
[= Thread 655341440

- Runtime AP R O 0000

- Driver API
“ Profiling Overhead
[=| Unified Memory

-7 CPUPage Faults 01 O 00

[=I [0] Graphics Device
[=] Unified Memory

57 Data migration (@eoH) ||| A I 0O 0 0 0

- 5F GPU Page Faults

7 Data migration (o) | || 1IN 000 O

[=| Context 1 (CUDA)

&l Compute B O e T Ak
7 100.05% jacobi_iter... | | Ot OOt
|=| Streams
- oeas T

& Load data for time range

Start time |225

ms to End time |?DD

| ms

11 <ANVIDIA.




VISUAL PROFILER

CPU Page Fault Source Correlation

% *NewSession1 % *NewsSessioni-clone 52 = g

Selected interval &2 Source location

1255 03s 0355

[= Process "jacobi” (5267)
[=I Thread 655341440
" Runtime APl I O
- Driver API
L Profiling Overhead
|=I Unified Memory
s cpupagersats 1] NNANNEN N0 AR
[=I [0] Graphics Device
[=I Unified Memory

7 Data migration (Do) ||| N Ot A
O O OO 0000000 A

100 0O 0000000

L ¥ GPU Page Faults

]
== ata Migration (HtoD) | ]| 0 O OO0
|~ Context 1 (CUDA)
=l Compute e
57 100.0% jacobi.iter... | [ O O 0 0 00 O OO
=] Streams
- Default O 0 0 OO ORI
=l Properties 2 = g
CPU Page Faults
Timestamp 440.45958 ms (440,459,581 ns)
Memory Acccess Type Write
virtual Address | 0x900100000
Source Location main@jacobi.cu:130
Process 25684
' 12 €ANVIDIA.




VISUAL PROFILER

CPU Page Fault Source Correlation

© *NewsSession1 [Z) jacobi.cu 2

float * a;
float * a_new;
float * weights;

= Properties 22

CPU Page Faults
Timestamp

Memory Acccess Type
Virtual Address
Source Location

Process

cudaEvent_t start,stop;

440.45958 ms (440,459‘,531 ns)
| write

PUSH RANGE("while loop",0)
int iter = 8;

while ( iter <= iter max )

{

POP_RANGE

std::swap(a,a new);

o

Source line causing

CPU page fault Sl
if ; B == iter%100 )

iter++;

}

POP_RANGE

CUDA_CALL (cudaMallocManaged (&a,
CUDA_CALL(cudaMallocManaged(&a_new, nx*ny*sizeof(float)));
CUDA_CALL(cudaMallocManaged (&weights, n_weights#*sizeof(float)));

nx*ny*sizeof(float)));

init(a,a_new,nx,ny,weights,n_weights);

CUDA_CALL(cudaEventCreate(&start));
CUDA CALL(cudaEventCreate(&stop));

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

PUSH RANGE("jacobi step",1)
jacobi_iteration<<<dim3(nx/32,ny/4),dim3(32,4)>>>(a new,a,nx,ny,weights[8]);
CUDA CALL(cudaGetlLastError()};

CUDA CALL(cudaDeviceSynchronize());

PUSH RANGE("pericdic boundary conditions",2)
//Apply periodic boundary conditions
for (int ix = ©; ix < nx; ++ix)

» al O*nx+ix]=al (ny-2)*nx+ix];

std::cout<<iter<<std::endl;

CUDA CALL(cudaEventRecord(stop));
CUDA CALL(cudaDeviceSynchronize());

13 <ANVIDIA.



VISUAL PROFILER - NEW UNIFIED MEMORY EVENTS

Page throttling, Memory thrashing, Remote map

§ *unified-memory-new-events.nwp %

‘ 0.3:\25 0_3]35 0_3]45 0.315s 0.3‘|I&5

0.3‘|I? s

0_3:\85 0_3‘25 0.3|21 5 0.3%25 0.3%35

0.3;4 5

|=| Process "systemWideAtomics...
[=| Thread 3922552640
“ Runtime API
- Driver APl
" Profiling Overhead
[=] Unified Memory
L 5F CPU Page Faults
[=|"F Thrashing-Throttling
L 5F Memory Thrashing
L 5F Page Throttling
- 5F Remote Map
[=I [0] Graphics Device
[=] Unified Memory
- 5F Data Migration (DtoH)

¥ GPU Page Faults

L 5F Data Migration (HtoD)

[=I5F Thrashing-Throttling
-5 Memory Thrashing
- 5F Page Throttling
- °F Remote Map

[=] Context 1 (CUDA)

[=| Compute
-5 100.0% atomicKer...

[=| Streams
- Default

thrashing

| |

a

Memory Page

throttling

|

MR Page Throttling Ml Page Throttling BRINEN
| | |
|

| |
| |
| (.

Page Throttling

(.

atomicKe.nel(int*)
atomicKern. \(int*)

atomicKernel(int \

| Page Throttling
Page Throttling

Remote map
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VISUAL PROFILER

Filter and Analyze

233.5ms

[=l Process "vecAdd_managed” (...
[=| Thread 3890149184
- Runtime API
- Driver API
" Profiling Overhead
[=| Unified Memory
% CPU Page Faults
|=| [0] Graphics Device
[=] Unified Memory
L 5F Data Migration (DtoH)

L 5F GPU Page Faults

L 5F Data Migration (HtoD)
|~ Context 1 {(CUDA)
= Compute
- <F 100.0% vectorAdd...
[=| Streams
- Default

234 ms

234.5 ms 235 ms 235.5ms

236 ms

236.5 ms

237 ms

237.5ms

238 ms

238.5 ms 239 ms 239.5ms 240 ms 240.5 ms 241 ms

HEl NN NN B EE [ _Data ]

CPU Page Faults
Access Type:
GPU Page Faults

Access Type:

& HtoD Migrations

Reason:

& DtoH Migrations

Reason:

| Filter and Analyze |

Read

Read

User

User

write

Write Atomic

Coherence [ Prefetch

Coherence [ Prefetch

Prefetch

Eviction

15 <4 NVIDIA.



VISUAL PROFILER

NVLINK visualization

Unguided Analysis

Static

Runtime -

[ Anlysis 32 B GPU Details (Summary) [ CPU Details [ OpenACC Details & Console [ Settings

= Reset All [ Analyze All  Results . :
_ i NVLink Analysis prope rties values A
-lranuﬁl;:':::llekk:r?etilizzalﬁﬂz ?:iﬁ:iiﬁ:i;ﬁ: host- The Following NVLink topology diagram shows logical NVLink connections between GPUs and CPUs. A logical NVLink can contain one or more pl inl
e = 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 NVLinl
pp! n
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
r___ ———"—"—"———————————————¢—————¥—¥—¥—¥#¢¥—“—/———— 5
Logical NVLink Properties 4
Compute Utilization (ot g
Logical NVLink Peal; idth Phys.' ':El Peer | System Peer | Systemf ,i;;ationss Idle time %
GPUL GPUS Bandwidth NWVLinks Access Access Atomic Atomic
Kernel Performance (g Tesla P100-SX...| |Tesla P100-SX... GPU0O<->CPUO|  80GB/s 2 No Yes No No 0 10
GPUO<—>GPU1 80 GB/s 2 Yes No Yes No nfa 100
Dependency Analysis 1382 e E e T MBS cPUT
<—->CPUO 80 GB/s 2 No Yes No No 0 10
GPU2<—->CPU1 80 GB/s 2i No Yes No No 0 10
90.78 MB/s 96.86 MB/s
GPU2<->GPU3 |  80GB/s 2! Yes No Yes No n/a 100
Unified Memory GPU3<->CPU1 80 GB/s 2i No Yes No No 0 10
5 e MBS 96.6
Option to collect e e Logical NVLink Throughput
A 4
138.06 MB/s GPU O GPU 2 1418 MB"i Logical NVLink Avg Throughput Max Throughput Min Throughput
o o o Tesla P100-SX...| | Tesla P100-SX...
N v L-I n k in f orma t-l on GPUO->CPUO 90.917 MB/s 36.085 GB/s 5.691KkB/s
GPUO<-CPUD 138.065 MBYs 32.203 GB/s 1.897 kB/s
GPUO->GPU1 0B/s 0B/s 0B/s
— GPUO<-GPU1 0B/s 0B/s 0B/s
. . ;
Ve rsion NVLink version 1.0 GPU1->CPUO 90.777 MB/s 36.031GB/s 5.847 kB/s
) GPU1<~CPUD 138.241 MB/s 33.14 GB/s 1.949 kB/s
Y NVLink GPU2->CPU1 96.692 MB/s 14.798 GB/s 14.791kB/s
GPU2<-CPU1 141.799 MBYs 16.495 GB/s 5.764 kB/s
GPU2->GPU3 0B/s 0B/s 0B/s
T l Selected B EEE EE 0B/s
0 po Ogy GPU3—>CPU1 96.856 MB/s 14.786 GB/fs 13.863 kB/s
NVL n k GPU3<-CPU1 142.063 MB/s 16.497 GB/s 1.764 kB/s

NVLink

16 <4 NVIDIA.



VISUAL PROFILER

NVLink events on timeline

% *p2pNVvLinkP2PBandwidthLatency PASCAL_DGX.pdm

l

11s 11.5s

125s

=

8

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

=1 Nwlink
- [1] Graphics Device
L [2] Graphics Device

- [3] Graphics Device

[=] Context 8 (CUDA)
= 5F MemCpy (HtoD)
L F MemCpy (DtoH) ||

-5 MemCpy (DtoD)

- F MemCpy (PtoP)

NVLink Events on

Timeline

' Start | 4.71064s (4,710,644,316 ns)
E] End | 72.71376 s (72,713,757,702 ns)
Durationé 68.00311 s (68,003,113,386 ns)

= Properties = g

NVlink

The nvlink interval color legend
I Transmit Throughput
I Receive Throughput

L 3

MemCpy API

Color Coding of

NVLink Events

17 <ANVIDIA.



VISUAL PROFILER

Multi-hop remote profiling - Application Profiling

Select custom script,
then create a remote
session as usual

Create New Session

Executable Properties

Set executable properties

Connection: tk@10.24.204.242 - | |Manage connections...
Toolkit/Script: /home/tk/remote_profiling.pl Manage...
File: [/homefcompute_node/apps/matrixmul Browse...

Working directory: Browse
Arguments:
Profile child processes

Environment: Name Value Add

Delete

Next > Cancel

Application transparently runs on compute node and

profiling data is displayed in the Visual Profiler

NVIDIA Visual Profiler

MEE Wag &y & & H K E&2& A~

h

% *NewSession1 2

O.3|6 s 0.3|65 s 0.3|? s 0.3?:’5 s
=] Process "matrixmul” (27514)
[= Thread 1003218752
“ Runtime API
- Driver API
- Profiling Overhead | ||
[=| [0] GeForce GTX TITAN X
[=| Context 1 (CUDA)
L 5F MemCpy (HtoD) |
L 5F MemCpy (DtoH) |
=] Compute |
= 7 100.0% dmatrixmu... |
[=] Streams
- Default | |

Hm@ @ e

cudaMalloc cudaMalloc cudaFree cudaFrg

18 <4 NVIDIA.



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.

19 NVIDIA.



VISUAL PROFILER

CPU Sampling Selected thread
is highlighted in
Range of time

_ | _ _ _ spent across
T Analysis [ GPU Details (Summary) [ CPU Details 12 @ OpenACC Details B Console [ Settings € Error Log

- o E——— all threads
Event % Range
b _mp_barrier_tw 32.578% 3899 ms

x_solve 11.513% 210 ms

compute_rhs 9.063% 210 ms 359.9 ms

z_solve 4.776% 90 ms 210 ms

y_solve 3.735% 100 ms |110 ms

100ms__ ¥ —_—
* e I R Y Bar chart of the ’
f amount of time :

: . spent by thread
Percentage of time spent collectively by all threads 20 Snvibia




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

21 NVIDIA.



VISUAL PROFILER - PC SAMPLING

Option to select sampling period

Analysis GPU Details (Summary CPU Details OpenACC Details &l Console [ Settings 2 i =
Session NewSession1

PCle Override: Rerun analysis after updating

_ Device: | [0] Graphics Device =

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

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

) Default sampling period ® selectsampling pefé)d B :
The actual sampling period will be in 27n cycles

22 <ANVIDIA.



VISUAL PROFILER

PC SAMPLING Ul

Pie chart for sample distribution for a CUDA

function

Sample distribution

memory dependency

P 11

execution dependency
1542

instruction fetch
R

constant

1349

Mmooy throttle
008

not selected

1853
\ pipe busy
048 %
other
439%
\instruction izzued

49

synchronization _,/

TR H

D FE B 0O 0D OO0 O &

inztruction fetch
483

memorny dependency
21EE %

execution dependency
1242

synchronization
TEX

instruction issued
349

other

939

pipe busy
0482

not selected
166

memory throktle
008

constank
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, ~ »
189
\ Stack bar with stall reasons Ishift =0; poopot |
151 - Tor (int i=0;i<6; "”i)
192 {
193 #pragma unroll
194 for (intj =i j S#%+) cols+ b -
195 {
196 ~syncthreads (); aa——
197 | smem(tid] = row(i] * row[j]; :o t;pot SOuEe e With
198 __syncthreads () ighest number of samples
199
200 reduce<CTA_SIZE>(smem);
201 -
< ’ - m »
Warp State Disassembly v -
LUL R4, [R4]; -
MOV R5, R3;
| MOV R7, R4;
L_8:
BAR.SYNC 0x0;
| FMULFTZ R?7, R4, R7;
STS [RO]. R7;
BAR.SYNC 0x0;
et e TR AND PO, PT, R13, 0x7f, PT;
Total Sample Count = 1288 }
synchronization = 847 (658%)  p, [R0+0x200]. | Tooltip with distribution of stall
other = 263 (20.4%) RIEF7, o, I reasons
instruction fetch = 69 (5.4%) ;
execution dependency = 36 (2.8%) R3; g
memory dependency = 32 (2.5%) ! on ;
instruction issued = 23 (1.8%) . PT, R13, O3t PT. -
: 5 - 5, [RO+0x100);
pipe busy = 9 (0.7%) ba B7 RE:
not selected = 8 (0.6%) o
memory throttle = 1 (0.1%) Ep"g;
< »

Source-Assembly view 23 SInVIDIA.



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 %gq{OMPI COMM WORLD RANK} \
—-—-process—name “MPI Rank %gq{OMPI COMM WORLD RANK} \

——annotate-mpi openmpi ..

24 NVIDIA.



MPI PROFILING

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: - | | Manage connections...
The nvprof profile Files:
_ : Import Nvprof Data /home/apoorvaj/sw/gpgpu/bin/x86_64_Linux_debug/timeline.3.pdm Browse...
select \ Nvprof profile files /home/apoorvaj/sw/gpagpu/bin/x86_64_Linux_debug/timeline.2.pdm rom—
) Y | ) . /home/apoorvaj/sw/gpgpu/bin/x86_64_Linux_debug/timeline.1.pdm —
Import profile data generated by nvprof. H Import profile data for a single process or For /home/apoorvaj/sw/gpapu/bin/x86_64_Linux_debug/timeline.0.pdm
multiple processes - - - o
Select animport source: () single process
& @® |Multiple processes
Command-line Profiler
["] Normalize each profile file independently
["] Use fixed width segments for Unified memory timeline
< Back l Next > J Cancel Finish <Back [ Nexk > J Cancel Finish <Back Next > Cancel [ Finish J

25 <ANVIDIA.




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

NVIDIA Visual Profiler
T !

£ % *timeline.0.pdm 2

MPI PROFILING

Visual Profiler

A& B FR(LEE A~

|
B4 = Process "MPI Rank 1" (10274)
o] [=| Thread MPI Rank 1
“ Runtime API
=]
- Driver APl
Cw

[= Markers and Ranges
' Default Domain
- Profiling Overhead

cudaMalloc

[=I Process "MPI Rank 0" (10278)
|=| Thread MPI Rank 0
“ Runtime API
- Driver API
[=] Markers and Ranges
- Default Domain
= Pmﬁling Overhead
[=l Process "MPI Rank 3" (10280)
[=I Thread MPI Rank 3
“ Runtime API
" Driver API
[= Markers and Ranges
- Default Domain
- Profiling Overhead
[=I Process "MPI Rank 2" (10283)
=l Thread MPI Rank 2

~ Runtime API

- Driver API
[=| Markers and Ranges

- Default Domain
- Profiling Overhead
[=/ [MPI Rank 0] GeForce GTX Tl...
[=| Context MPI Rank 0 (CUDA)

- 5F MemCpy (HtoD)

tip-track-mpi-calls-nvidia-visual-profiler

I
MPI_Scatter |
MPI_Scatter |
i | [ |
|
(] MPL_..
i MPI_...
(N B
. cdaMallc | |
|
|
|
I m 1
. _admalloc | []
|
%
"
(|- I

See: https://devblogs.nvidia.com/parallelforall/gpu-pro-
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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.
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NVTX ANNOTATIONS

The NVIDIA Tools Extensions (NVTX) allow you to annotate the profile:
#include <nvToolsExt.h> // Link with -1lnvToolsExt
nvtxRangePushA (“timestep”) ;
timestep () ;

nvtxRangePop () ;

See for more
features, including V3 usage.
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https://docs.nvidia.com/cuda/profiler-users-guide/index.html#nvtx

NVTX IN VISUAL PROFILER

k NVIDIA Visual Profiler
ile View Window Run Help

=

n

by &3 &~ [ ®

- 0 X

2|8|lFrRIESEA- |
=T —

§ *all-magma.nvprof 52

125 s

|=| Process "qmecpack vme-532.xml” (...
[=] Thread 2305308608
~ Runtime API
- Driver API

G BT

[+ Markers and Ranges

- Profiling Overhead
[=| [0] Quadro GV100
(=| Context 1 (CUDA)
L ¥ MemCpy (HtoD)
= 5 MemCpy (DtoH)

=5 MemCpy (DtoD)

[=] Compute

L 5F 9.3% void two_bod...
L 5F 7.3% void coulomb_...
L 5F 6.5% void two_bod...
L SF 5.4% void calc_ratio...

Named Range

—

WMCiblock

L SF 21.5% void update_...
L SF 17.0% void update_...

IS T O O |
NN N | A O I A | |
AN (AN O

-- HEEEEEEEEEEEEESEN.NN
D EEEEEEEE SN EEEEEE
00 U I A T T R U A R A A B
R
D EEEEEEEE S S EEEEEE
EEEEEEEEEEEEEEEEEEEE. -
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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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<1 OPENACC PROFILING

correlation

NVIDIA Visual Rrofiler
d Run \Help

© *NewSessionl 2

292 ms 292.5ms 253 ms 233.5ms 254 ms 254.5 ms 295ms 255.5 ms

KU AFT
- Driver API
[= Thread 1101162240

cuStreamSynchronize cuStreamSynchronize .

acc_compute _construck@acc_openmp.cpp:34
acc_implicit wait@acc_openmp.cpp:34

- OpenACC

" Runtime API
- Driver API
[= Thread 1084376832

* OpenACC

Driver A

custreamsynchronize [ 1]

acc data@acc_openmp.cpp:36

acc_enqueue_download@acc_openmp.cpp:36

OpenAcc
timeline

cuStreamSynchronize
- Profiling Overhead
[=! [0] Tesla k20¢
[= Context 1 (CUDA)
¥ MemCpy (HtoD)
7 MemCpy (DtoH)
[=] compute

_Z8runSaxpyiiiPfs_. - iliPFS_... [ _Z8runSaxp FS_...| _Z8runSaxpyiliPFS_...| Z8runSaxpyiiiPFs_... | _Z8runSaxpyiiiPfS_...| _Z8runSaxpyiiiPfs_...

_Z8runSaxpyiiiPFS_.

_Z8runsaxpyiiiPfs_...| Z8runSaxpyiiiPFs_|
_Z8runSaxpyiiiPFS_...|_Z8runSaxpyiiiPFS_|

[=] Streams
- Default \ \ \ _Z8runSaxpyiiiPF: |:]\ _Z8runSaxpyiiiPfS_...[ Z8runSaxp FS_...| Z8runSaxpyiliPfS_...| Z8runSaxpyiiiPf5s . 7ZBrunSaxpyiiinSi... _Z8runSaxp S ... ||| \ \ \ _Z8runSaxpyiiiPFS ...| Z8runSaxpyiiiPFS_Ji=
. v
GPUDetails B Console [ Settings [ acc_openmp.cpp & = A | E Properties 2 = B8
float *sub_x = x + (i * N); ALl .
Float *suby = y + (i * N} acc_enqueue_launch@acc_openmp.cpp:34
Start 291.463 ms (291,463,334 ns)
if (loop == @ && omp_get thread num() == @) { End 291.717 ms (291,716,557 ns)
printf("%d OMP threads\n", omp_get num threads()); : Op A
FfLush(NULL) ; Duration 253.223ps en CC
Event Kind acc_enqueue_launch .
. - : Properties
ragma acc kernels =
prag for (= 0; § < N; ++j) { Device Type acc_device_nvidia
sub_y[j] = a*sub_x[jl; Device Number 1]
Thread ID 6

} Async -1

i e OpenACC- >Sou rce Async Map ) 16
/* test main */ Code Correlation Source Information

Source File acc_openmp/acc_openmp.cpp
= int main(int argc, char **argv) Function Name _ZBrunSaxpyiiiPFS_f
{ Start Line Number 34

int M =
— End Line Number 34




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 Avg Min Max Name
OpenMP (incl): 99.97% 277.10ms 20 13.855ms 13.131ms 18.151ms omp_parallel
0.03% 72.728us 19 3.8270us 2.9840us 9.5610us omp idle
0.00% 7.9170us 7 1.1310us 1.0360us 1.5330us omp _wait barrier

Option --print-openmp-summary to print a summary of all recorded OpenMP
activities
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OPENMP PROFILING IN VISUAL PROFILER

% NVIDIA Visual Profiler
File View Window Run Help
4 =) BE-Mag&-@Q@|B[F R|EEL A
‘, *openmp.prof &3
P 5 0.0|]. H 0.0|2 5 0.0|3 H 0.0|4 5 0.0|5 H 0.0|6 5 O.OIT H 0.0|8 5 O.OIQ H 0.} H 0.].‘1 5 0‘].|2 5
=/ Process 0
=| Thread 0
! ! |
OpenMP
| [ (N
[T#] OpenMP Details 3 = 8 =1 Properties &3
OMP_Parallel
Name % Time Calls Start
OMP_Parallel 99.976% 12333896 ms 20 End
OMP_Wait_barrier 0.331% 040816 ms 19 Duration
OMP_Idle 0.074% 00907 ms 19

5190515 ms...
5814554 ms...
6.2404 ms (6...
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OPENMP PROFILING IN VISUAL PROFILER

[T OpenMP Details 52 = O
Mame % Time Calls
OPAP_Parallel 93.895% S5ds 3003
QPP _Idle 16.619% 09s 3002
OMP_Wait_barrier 7.528% 04s 3001
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PROFILING NVLINK USAGE

Run nvprof multiple times to collect metrics
jsrun <args> 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 (-e)

Combine with an MPI annotated timeline file for full picture
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SUMMIT NVLINK TOPOLOGY

Results
i NVLink Analysis
The following NVLink 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 MVLink, the 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 MVLink.
* 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.

Legical NVLink Properties

Logical NVLink PeakBandwidth PhysicalMVLlinks Peerfccess Systeméccess  Peerftomnic SystemAtomic Utilization % IdI
GFU1 GPU 4 GPUD=-->CP... 100 GB/s 2 No Yes Mo Yes 0
Tesla V100-SXM... Tesla V100-SXM.. GPUO<--»GP... 100 GB/s 2 Yes Ne Yes Ne 0
GPUD<-->GP... 100 GB/s 2 Yes Mo Yes Mo 0
3 [
GPUD<-->GP... 84 GB/s 2 0
27 IR e _—______-
GPUD<-->GP.., 34 GB/s 2 Yes Yes 0
GPU 2 GPU 5 - /
TeslaV100-5XM _{é—  CPUD  fa—pl  CPU1  |e—pTesla V100-SXN. | GPUT=-->CP.. 1006GB/s 2 | Mo ves he Yes 0
441 .36 MBIs 490 84 MB/s GPUT<--=GP... 100 GB/s 2 Yes Ne Yes Ne 0
GPUT<-->GP... 84 GB/s 2 Yes 0
0 afhee) . — ————————-
1 L GPU1=-->GP... 24 GB/= 2 Yes Yes
GPUD 414.95 MBIs 456.71MBIs GPU 3 GPUZ<-->CP... 100 GB/s 2 No Yes Mo Yes D
[Tesla V100-SXM... [Tesla V100-SXM. ., GPUZ<--»GP... 24 GB/s 7 Ves
GPU2<-->GP.., 34 GB/s 2 Yes
GPU3<-->CP... 100 GB/s 2 Ne
GPU3<-->GP... 100 GB/s 2 Yes

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

Leaical NVLink Throuahout
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CPU PAGE FAULT SOURCE CORRELATION

El | El] v | Reset All| [y 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 Concurrency & )
CPU page faults Source location t}
Compute Utilization iy 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 v 1 _ZAinitPf5_iiS_i@jacobi.cu:85
NVLink i 1 Unknown
v
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