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CUDA TOOLS



VISUAL PROFILER

® Trace CUDA activities
® Profile CUDA kernels

Correlate performance instrumentation
with source code

Expert-guided performance analysis

NVPROF

® Collect Performance events and metrics

GPU LIBRARY ADVISOR

® Detect CUDA library optimization
opportunities

NVDISASM, CUOBJDUMP

CUDA TOOLS

[ Analysis £3 . [ Details| B Console [ Settings n. — 0O
Results

i Compute, Memory, and Latency Bound
1. CUDA Application Analysis For device "Tesla C2050" the kemel's memory utilization is significantly lower than its compute utilization. These

2. Find Performance-Critical Kernels utilization levels indicate that the performance of the kemnel is most likely being limited by computation on the SMs.

3. Compute, Memory, or Latency Bound
100

The first step in analyzing an individual kernel is
to determine if the performance of the kernel is %0
bounded by computation, memory, or latency. 80 4
The results at right indicate that the performance
of kernel "LatencyOccupancyRegister” is most - 70 T
likely limited by compute. S 50 L [ Memory operations
@ .
[}, Perform Compute Analysis | [ Control-flow operations
= . . .
The most likely bottleneck to performance for this = 40 - |:| Arithmetic Operatlons
kemnel is compute so you should first perfarm compute S - l:l Memory (Texture)
analysis to determine how it is limiting performance AT
20 4
|} Perform Latency Analysis .
]
[y, Perform Memory Analysis a
Compute Memory (Texture)

Latency and memory are likely not the primary
performance bottlenecks for this kemnel, but you may
still want to perform those analyses

CUDA-MEMCHECK CUDA-GDB

® Detect out-of-bounds and misaligned memory  ® Debug CUDA kernels with CLI
Accesses ® Debug CPU and GPU code
. D -, .
etect race condition in memory accesses ® CPU and GPU core dump support
® Detect uninitialized global memory accesses
[ J

Detect incorrect GPU thread synchronization
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NEW TOOLS FEATURES IN CUDA 9



SUPPORT FOR VOLTA ARCHITECTURE

Support for GPUs with Compute Capability 7.0

IIIIIIII



CUDA-GDB

GPU core dump generation is supported on Volta-MPS

Reading lightweight GPU core dump files is supported

S time CUDA_ENABLE_COREDUMP_ON_EXCEPTION=1
CUDA_ENABLE_LIGHTWEIGHT_COREDUMP=1 ./simple_cuda_program

Before: 9.85s user 12.33s system 173% cpu 12.794 total

After: 0.41s user 1.36s system 75% cpu 2.350 total




CUDA-MEMCHECK

Support for host API functions with pitch parameter.
Initial support for the Cooperative Groups programming model.
Support for shared memory atomic instructions.

Support for detecting invalid accesses to global memory on Pascal and later
architectures that extend beyond the end of an allocation.

Support for limiting the numbers of errors printed by cuda-memcheck.
Racecheck analysis reports are assigned a severity level.
Default print level changed from INFO to WARN.

A new command line option to report deprecated instructions even when they are
used in safe execution paths. (post CUDA 9)



CUDA VISUAL PROFILER

Unified Memory
NVLink

Multi-hop remote profiling

Tracing and profiling of Cooperative Kernel launches

PC sampling
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VISUAL PROFILER

Segment mode timeline

§ #NewsSessiont % = g = Properties 52 = g
0.% 5 0.2‘5 s 0.? s 0.3‘5 H O.J‘l H 0.4‘5 5 0.% 5 O.SIS s 0.§ s 0.6‘5 s 0.? s 0.7‘5 H 0.§ H 0.8‘55
= Process "jacobi" (5267) CPU Page Faults
S Thread 655341440 The segment mode is used for this timeline. In this mode the timeline is split
woret | S O S into equal width segments and only aggregated data values for each time
e segment are shown.
-rofingoetned [l || \ Timestamp | 268.60478 ms (268,604,778 ns)
= Unified Memary
End 278.93573ms (278,935,731 ns
Y Gupses I I S S N E B , ‘ )
5 ] aphis Device 3 Duration : 10.33095 ms (10,330,953 ns)
E Unfed Memary Virtual Address Range | 0x900000000 - 0x9001FFO00
-7 Databigaion Dok 1! ' ! ' | | Process | 5267
Veupaents T W Wr T W |
T Dt o) I I S S R
= Context 1(CUDA)
= Compute A I
=7 100.0%jacobi_cer.. 1 v e The number of CPU page faults per second within the segment
Elstreans I o-10°% [0-30000]
* Deal Al N B 10-20% [30000-60000]
B :0-:0% [60000-90000]
I 30-402% [90000-120000]
I 20-50% [120000-150000]
50-60% [150000-180000]
60-70% [180000-210000]
70-80% [210000-240000]
I 50-°50% [240000-270000]
I 50-100% [>270000]
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VISUAL PROFILER

CPU Page Fault Source Correlation

§ *NewSession1 % *NewsSessioni-clone &2 = 7

pas: Selected in Source location

[=| Process "jacobi” (5267)
|=I Thread 655341440
* Runtime API OO0 OO
- Driver API
& pProfiling Overhead
[=| Unified Memory
* 7 CPU Page Faults A0 A O A 0 P
[=I [0] Graphics Device
[= Unified Memory

7 Data migration (0toH) | ||| .0 A O
O O O 0 O OO0 OO0 AR

L " GPU Page Faults

l
=7 Data migration (HeoD) | ||| AR O A A 00
|=| Context 1 (CUDA)
= Compute I 0 0 0
7 100.0% acobi_iter-..| [

[=] Streams

- Default B O O 0 OO0

= Properties 23 = 5

CPU Page Faults

Timestamp 440.45958 ms (440,459,581 ns)
Memory Acccess Type Write

Virtual Address 0x900100000

Process | 25684
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CPU PAGE FAULT SOURCE CORRELATION

= E v | Reset All | [ 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 faults occurred
{Double-click to open the locationin source code)

Data Movement And Concurrency & i
CPU page faults Source location [}
Compute Utilization g, 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 _Z4initPFS_iiS_i@jacobi.cu:85
NVLink i 1 Unknown
v
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VISUAL PROFILER

CPU Page Fault Source Correlation

= Properties 2

CPU Page Faults
Timestamp

Memory Acccess Type
Virtual Address
Source Location

Process

440.45958 ms (440,459,581 ns)

Source line causing

CPU page fault

© *Newsession1 |2 jacobi.cu =

float * a;
float * a_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(&start));

CUDA_CALL (cudaEventCreate(&stop));

CUDA_CALL (cudaDeviceSynchronize());
CUDA_CALL (cudaEventRecord(start));

PUSH_RANGE("while loop",®)
int iter = 0;

while { iter <= iter_max )

{
PUSH_RANGE("jacobi step",1)
jacobi_iteration<<<dim3(nx/32,ny/4),dim3(32,4)>>>(a_new,a,nx,ny,weights[8]);
CUDA_CALL (cudaGetLastError());
CUDA_CALL (cudaDeviceSynchronize());
POP_RANGE
std::swap(a,a new);
PUSH RANGE("periodic boundary conditions",b2)
//Apply periodic boundary conditions
for (int ix = ©; ix < nx; ++ix)
i,
Tal 8*nx+ix]=al (ny-2)*nx+ix];
al{ny-1)*nx+ix]=a[ 1#nx+ix];
}
POP_RANGE
if ( @ == iter%lee )
std::cout<<iter<<std::endl;
iter++;
}

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

14
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VISUAL PROFILER - NEW UNIFIED MEMORY EVENTS

Page throttling, Memory thrashing, Remote map

% *unified-memory-new-events

.nwp &
0314s 0.315s 0316s 0317s 0.318s 03159s 032s 0321s 0322s

0323s 0.324s

=1 Process "systemwideAtomics...
[=| Thread 3922552640
- Runtime API
- Driver API
- Profiling Overhead
[=| Unified Memory
% CPU Page Faults
[=15F Thrashing-Throttling
- 5F Memory Thrashing
L 5F Page Throttling
L 5F Remote Map
=1 [0] Graphics Device
[=] Unified Memory
- ¥ Data Migration (DtoH)

- GPU Page Faults

[=I"F Thrashing-Throttling
- 5F Memory Thrashing
“%F Page Throttling
- °F Remote Map

[=] Context 1 (CUDA)

=] Compute
“5F 100.0% atomicKer..

[=] Streams
-~ Default

L 5F Data Migration (HtoD)

0312s 0313s

| I LT |
MR Page Throttiing Ml _Page Throttling BN |
| | | |

(. |
.
|

Page Throttling

a

Page Throttl.

atomickKe nel(int*)
atomicKern (int*)

atomicKernel(int \

Page Throttling | Page Throttling
Page Throttling Page Throttling

aball Remote map

throttling

ry
thrashing
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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
“ S 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

238.5ms 239 ms 239.5 ms 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 A.nalyzej

Read

Read

User

User

Write

write

Coherence

Coherence

Aktomic

& Prefetch

& Prefetch

Prefetch

Eviction
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OPTIMIZATION

OLD

4 )

int threadsPerBlock = 256;
int numBlocks = (length + threadsPerBlock - 1) / threadsPerBlock;

kernel<<< numBlocks , threadsPerBlock >>>(A, B, C, length);

g _/

NEW

int threadsPerBlock = 256;
int numBlocks = (length + threadsPerBlock - 1) / threadsPerBlock;

cudaMemAdvise(A, size, cudaMemAdyviseSetReadMostly, 0);
cudaMemAdvise(B, size, cudaMemAdviseSetReadMostly, 0);

\kernel<<< numBlocks , threadsPerBlock >>>(A, B, C, length); J

17 <NVIDIA.



OPTIMIZED APPLICATION

[= Thread 1669429056
L Runtime API
- Driver API
- Profiling Overhead
[=I Unified Memory

|=| [0] Graphics Device

© unoptimised.nwvp & *NewsSession3 = g
‘33.25 ms 233.5ms 233.75ms 234 ms 23425 ms 2345 ms 234.75ms 235 ms 23525 ms 2355 ms 235.75ms 236 ms
i i | f i f i i \ d
[=| Process "vecAdd_managed” (...
< I
< >

- 5F CPU Page Faults

cudaDeviceSynchronize

[=| Unified Memory

- Data Migration

- 5F GPU Page Faults

(HtoD)

GPU Page Faults GPU Page Faults GPU Page Faults GPU Page Faults GPU Page Faults
_. Data M... --- -.- ---.l.- Data Migration (HtoD) Data Migration (HtoD) Data Migration (HtoD)

: Context 1 ICUDA)

[=] Compute

- 57 100.0% ved
[=] Streams

- Default

A

orAdd...

vectorAdd(Float const #, Float const *, Float*, int)
vectorAdd(float const *, Float const *, Float*, int)

vectorAdd(Float const *, Float const *, Float*, int)

No DtoH Migrations and thrashing

Speedup 4x (2.9 vs 12.2)

18 <ANVIDIA.



Unguided Analysis

VISUAL PROFILER

NVLINK visualization

& Anglysis 32 B8 GPU Details (Summary) EH CPU Details ™ OpenACC Details B Console [ Settings

= = B

To enable kernel analysis stages select a hosk-
launched kernelinstance in the timeline.

Reset All [y Analyze All

Application
Data Movement And Concurrency (]
Compute Utilization @
Kernel Performance @
Dependency Analysis

[ah
NVLink

Option to collect
NVLink information

Color codes for
NVLink

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 pl
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 NVLin

* 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

Static

properties

Runtime .

values 8

20-30%
10-20%
0-10%

Topology

GPU1 GPU3
Tesla PLOO-SX... Tesla P100-SX...
[
1382 0Bis 0B T MEB/s
90.78 MB/s 96.86 MBS
G082 MBS 96.6;
0Bis 0Bis
A 4
138.06 MBJ/s GPUD GPUZ 1418 MEJ;
Tesla PLOO-SX... Tesla P100-SX...
NVLink version 1.0
Y NVLink

Selected

NVLink

in
Logical NVLink Properties L 4

Logical NVLINk EEo it mviinks Access Arcoss Aromic Atomic]Utization idle time %

GPUO<—>CPUO 80 GB/s 2i No Yes No No 0 10

GPUO<—>GPU1 80 GB/s 2 Yes No Yes No nfa 100

GPU1<->=CPUO 80 GB/s 2 No Yes No No 0 10

GPU2<—->CPU1 80 GB/s 2 No Yes No No ] 10

GPU2<—>GPU3 80 GB/s 2} Yes No Yes No nfa 100

GPU3<->CPU1 80 GB/s 2i No Yes No No 0 10
Logical NVLink Throughput

Logical NVLink Avg Throughput Max Throughput Min Throughput

GPUO->CPUO 90.917 MB/s 36.085 GB/s 5.691kB/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 o8/s|

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 |

GPU2->CPU1 96.692 MB/s 14.798 GB/s 14.791kB/s |

GPU2<—CPU1 141.799 MB/s 16.495 GB/s 5.764 kB/s |

GPU2->GPU3 0B/s 0B/s 0B/s

GPU2<-GPU3 0B/s 0B/s or:vs|

GPU3—=CPU1 96.856 MB/s 14.786 GB/s 13.863 kB/s

GPU3<-CPU1 142.063 MB/s 16.497 GB/s 1.764 kB/s |

19 <A NVIDIA.



NVLink events on timeline - Segment mode

VISUAL PROFILER

% *pzpNVvLinkP2zPBandwidthLatency PASCAL_DGX.pdm

l

11s

115s

12 s

125s

=

8

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

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

- [3] Graphics Device

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

-5 MemCpy (DtoD)

L F MemCpy (PtoP)

NVLnk Events on

Timeline

= Properties

NVlink
Start 71064 s (4,710,644,316 ns)
End 2.713765(72,713,757,702 ns)

Duration; 68.00311s (68,003,113,386 ns)

4

The nvlink interval color legend
I Transmit Throughput
I receive Throughput

}

N
|

MemCpy API

Color Coding of

NVLink Events

20 <ANVIDIA.



-

Visual Profiler

Host

VISUAL PROFILER

Multi-hop remote profiling

ssh

(4 )

ssh

/

CUDA
Application

\_ lLogin Node /

SCp

\_ Compute Node /

Script available on github: https://github.com/NVIDIA/cuda-profiler/tree/master/one_hop_profiling

21 <ANVIDIA.



VISUAL PROFILER

Multi-hop remote profiling - One-Time Setup

Configure script on the Q Connect Visual Profiler e Use the custom script

login node to the login node option

Configure CUDA Toolkit

Remote Connections
Manage available connections

b

tk@10.24.204.242 | Add | () Toolkit path: Browse... | | Detect...
| Remove | S Browse...
Delete

Hostname: |10.24.204.242

|
User name: [tk| ]
|

Label: |.tk@10'24'204'242 @® Custom Script: [fhomeftkfremoteyroﬁling.pll ] | Browse... |

SYSEMEEE || Sk, | POTE UMD EE |£ — Temporary Location: |:ftmp | | Browse... |

\_ lLogin Node /

22 <ANVIDIA.



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: [/home/compute_node/apps/matrixmul Browse...

Working directory:
Arguments:
Profile child processes

Environment: Name WValue Add

Delete

Next > Cancel

VISUAL PROFILER

Multi-hop remote profiling - Application Profiling

Application transparently runs on compute node and
profiling data is displayed in the Visual Profiler

NVIDIA Visual Profiler

h

Hm@ @ e

EE W&y ® & B FIEEZL A~
% *NewsSession1 2 = 7 =
0365 03655 037s 03755 o B
=] Process "matrixmul” (27514)
[=| Thread 1003218752
L Runtime API cudaMalloc cudaMalloc cudaFree cudaFrd
- Driver API

- Profiling Overhead | ||
[=| [0] GeForce GTX TITAN X
[=] Context 1 (CUDA)
L 5F MemCpy (HtoD) |
L 5F MemCpy (DtoH) |
=] Compute |
-5 100.0% dmaktrixmu... |
[=| Streams
- Default | |

23 <ANVIDIA.



VISUAL PROFILER

CPU Sampling (post CUDA 9)

[ Analysis [ GPU Details (Summary) [ CPU Details 12 @ OpenACC Details [ Console [ Settings @) Error Log

Range of time

spent across

Selected thread
is highlighted in

all threads

Allthreads -0

Event %

p _mp_barrier_tw 32.578% 389.9 ms
x_solve 11.513% 210 ms
compute_rhs 9.063% 210 ms 3599 ms
z_solve 4.776% 90 ms 210 ms
y_solve 3.735% 100 ms |110 ms

[ tzetar 0.551% 10 ms |20 ms

100 ms v

Bar chart of the

amount of time

Percentage of time spent collectively by all threads

spent by thread

24 <ANVIDIA.




VISUAL PROFILER - PC SAMPLING

Option to select sampling period (post CUDA 9)

Analysis B8 GPU Details (Summary) E4 CPU Details ™ OpenACC Details & Co

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 2*n cycles

25 <ANVIDIA.



VISUAL PROFILER

PC SAMPLING Ul

Pie chart for sample distribution for a CUDA

function

Sample distribution

memary dependency

T HEEn
execution dependency
B4z
instruction fetch
9695
constant
139
memory throttle
0.0

not selected

1663
pipe busy
046 3
other
939
instruction issued

343

synchronization ="

il

D B 0O 0 O OOO O &

instruction fetch
i1t 1

memarny dependency
HEEH

execution dependency
1842 %

synchronization
33TEH

inztruction izsued
348

other
jict: I
pipe busy
045

not selected
163

memiarny throttle
0.0%

constant
129

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 + threadldx.x, =~
189
\ Stack bar with stall reasons Fhiﬁ =0; coteots |
191 . “or (iﬂt i=0;i<6; "’i)
192 {
193 #pragma unroll
194 for (int) =i | <&+ cols+ b =
195
196 ~_syncthreads (); S
197 | smem(tid] = row(i] * row[j]; :o t:p;)tt sour;):: l";e W|th|
198 __syncthreads (); ki Bl i
199
200 reduce<CTA_SIZE>(smem);
201 -
< ’ . m 3
Warp State Disassembly v e
LUL R4, R4 A
MOV R5, R3;
| MOVRZ R4
L_8:
BAR.SYNC 0x0;
| FMULFTZ R?7, R4, R7;
STS [RO]. R7;
BAR.SYNC 0x0;
: e TOoE AND PO, PT, R13, 0x7f, PT:
Total Sample Count = 1288 }
synchronization = 847 (65.8%) , [RO+0x200), | Tooltip with distribution of stall
other = 263 (20.4%) REFR7, RG, I reasons
instruction fetch = 69 (5.4%) ;
execution dependency = 36 (28%) R I
memory dependency = 32 (2.5%) ! ¥ - )
instruction issued = 23 (1.8%) ,' PT, R13, 03t PT: -
- 5 - b, [RO+0x100];
pipe busy = 9 (0.7%) ba R7 RE:
not selected = 8 (0.6%) ki o
memory throttle = 1 (0.1%) 5:9; .
< »

Source-Assembly view 26 <INVIDIA



MPI PROFILING



MPI PROFILING

$ LD PRELOAD=“libnvtx_pmpi.so mpirun -n 4

Running on 4 nodes
==21977== NVPROF 1is
==21983== NVPROF 1is
==21979== NVPROF 1is
==21982== NVPROF is
<program output>

==21982== Generated
==21977== Generated
==21983== Generated
==21979== Generated

./simpleMPI

profiling process
profiling process
profiling process
profiling process

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

21977,
21983,
21979,
21982,

command:
command:
command:
command :

./simpleMPI
./simpleMPI
./simpleMPI
./simpleMPI

28
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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 N Nvprof profile files /home/apoorvaj/sw/gpgpu/bin/x86_64_Linux_debug/timeline.2.pdm —
) P | ) . /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 - = = -
Select animport source: () single process
™ @® |Multiple processes
Command-line Profiler
Nvprof —
["] Normalize each profile file independently
["] Use fixed width segments for Unified memory timeline
< Back [ Next > J Cancel Finish <Back [ Next > J Cancel Finish <Back Nexkt > Cancel [ Finish J
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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

Bl

Dol @agae=

NVIDIA Visual Profiler

© *timeline.0.pdm 2

N

MPI PROFILING

Visual Profiler

04s 05s 06s
. v !

0.7s 0.
.

8s
\

[=I Process "MPI Rank 1" (10274)
|=| Thread MPI Rank 1
- Runtime API
- Driver API
[=| Markers and Ranges
- Default Domain
L Profiling Overhead

[=| Process "MPI Rank 0" (10278)
[=1 Thread MPI Rank 0
- Runtime API
" Driver API
[=] Markers and Ranges
" Default Domain

L] Profiling Overhead

[=| Process "MPI Rank 3" (10280)
I=| Thread MPI Rank 3
- Runtime API
- Driver API
[=| Markers and Ranges
- Default Domain
= Profiling Overhead
[=| Process "MPI Rank 2" (10283)
[=I Thread MPI Rank 2
' Runtime API
" Driver API
|=| Markers and Ranges

cudaMalloc

- Default Domain
- Profiling Overhead
[=I [MPI Rank 0] GeForce GTX Tl...
|=] Context MPI Rank 0 (CUDA)
L 5F MemCpy (HtoD)

tip

-track-mpi-calls-nvidia-visual-

|
MPI_Scatter |
MPI_Scatter |
1 | [ ]
|
| [MPI_...
i (MPI_..
(N .
. cdamallc | |
|
|
|
I |
. adaMallc | []
|
N |
. |
|| |

brofiler

See: https://devblogs.nvidia.com/parallelforall/gpu-pro-
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MPI PROFILING

MPI + NVTX
Manual mode Interception mode
nvtxEventAttributes t range = {0}; o Auto-generate mpi interception.so
range.message.ascii = "MPI Scatter"; https://devblogs.nvidia.com/parallelforall/gpu-
nvtxRangePushEx ( r‘ange) ; pro-tip-track-mpi-calls-nvidia-visual-profiler/
int result = MPI_Scatter(...);
nvtxRangePop(); a LD PRELOAD=mpi interception.so

Run your MPI app with nvprof.
MPI calls will be auto-annotated using NVTX.
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/ MPI app \

int res = MPI Scatter(...);

\_ /

MPI PROFILING

Interception

Interception library
(LD_PRELOAD)

int MPI Scatter(...) {
nvtxRangePushEx(range);
int res = PMPI Scatter(...);
nvtxRangePop();
return res;

o

//"

int PMPI Scatter(...)

MPI library \

/
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FOR MORE INFORMATION ...

CUDA 9 Features Revealed Parallel Forall Blog Post :
https://devblogs.nvidia.com/parallelforall/cuda-9-features-revealed/

CUDA Documentation: http://docs.nvidia.com/cuda/

Download CUDA Toolkit: https://developer.nvidia.com/cuda-downloads
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DGX-1V NVLINK TOPOLOGY

42.46 MBis

X
34.38 MBis

34.38 MB/s

[ 3
42.94 MBis

32.58 MBis l

GPU 1

Graphics Device

33

333 MBis GPUS3
Graphics Device

5 MBis

X
MB/s | 40.25 MB/s

MB/s | 40.34 MB/s

GPU D

Graphics Device

35.

3498 MBis GPU2
Graphics Device

19 MB/s

34.71 MBis T

l 32.12 MBis

GPUT 32 59 MB/s
Graphics Device

42.19 MBis

33.06

X
41.94 MB/s

42.02 MB/s

GPUG 3516 MB/s
Graphics Device

Graphics Device

Bis

GPU 5

MB/s

X
MB/s | 35.13 MB/s

35.6 MB/s

35.49

T 34.37 MBis

Graphics Device

Bis

GPU 4

[ 3
42.8 MBis

Bandwidth usage by NVvLink

Logical NVLink Properties

Logical NVLink

GPUO=—->GPU1

GPUO<—>GPU2
GPUO=—>GPU3
GPUO=—>GPU4
GPU1=—>GPU2
GPU1<—->GPU3
GPU1<—>GPUS
GPU2<—>GPU3
GPU2<—->GPUG
GPU3<—>GPU7
GPU4<—>GPUS
GPU4=—>GPUG6
GPU4<=—>GPU7
GPU5<—>GFPUG6
GPU5<—->GPU7
GPU6<—>GPU7

Logical NVLink Throughput

Logical NVLink
GPUO—->GPU1
GPUO<—-GPU1
GPUO—>GPU2
GPUO<-GPU2
GPUO—>GPU3
GPUO<-GPU3
GPUO—->GPU4
GPUO<—-GPU4
GPU1—-—>GPU2
GPU1<=-GPU2
GPU1->GPU3
GPU1<—-GPU3
GPU1->GPUS
GPU1<-GPUS5
GPU2->GPU3

Peer System
Atomic Atomic
Yes Mo
Yes No
Yes No
Yes No
Yes No
Yes No
Yes No
Yes No
Yes No
Yes No
Yes No
Yes No
Yes No
Yes No
Yes MNo
Yes No

2.028 kB/s
2.088 kB/s
1.433 kB/s
1.911 kB/s
4.146 kB/s
4.176 kB/s
1.982 kB/s
2.644 kB/s
4.216 kB/s
4.088 kB/s
1.949 kB/s
1.462 kB/s
2.004 kB/s
2.672 kB/s

Peak Physical Peer System

Bandwidth NWVLinks Access Access
50 GBfs Yes No
50 GB/s 1 Yes No
100 GB/s 2! Yes No
100 GB/s 2! Yes No
100 GB/s 2iYes No
50 GBfs 1! Yes No
100 GB/s 2! Yes No
100 GB/s 2 Yes No
50 GBfs 1 Yes No
50 GBfs 1! Yes No
50 GB/s 1! Yes No
50 GB/s 1 Yes No
100 GB/s 2 Yes No
100 GB/s 2! Yes No
50 GBfs 1] Yes No
100 GB/s 2 Yes No

Avg Throughput  Max Throughput Min Throughput

34.381 MB/s 7.719 GB/s
34.376 MB/s 7.73 GB/s
34.98 MB/s 10.472 GB/s
35.494 MB/s 10.781 GB/s
40.665 MB/s 11.511 GB/s
40.79 MB/s 11.402 GB/s
42.801 MB/s 6.556 GB/s
42.938 MB/s 6.413 GB/s
44,221 MB/s 11.762 GB/s
44,429 MB/s 11.676 GB/s
33.301 MB/s 10.662 GB/s
33.651 MB/s 10.871 GB/s
42.189 MB/s 12.298 GB/s
42.455 MB/s 12.346 GB/s
40.25 MB/s 9.675 GB/s

3.422 kB/s

utilization %

o000 0C0O0O0Q0O0OOQCO0COO0OO0OQCOoOoO

Idle time %

51
50
a7
50
51

a7
a8
as
as
a6
50
50
a8
a9
a6
49
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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
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FILTER AND ANALYZE

a Select unified memory in the
unguided analysis section

Unified Memory

Cm Analysis 2 GPU Details (Summary) CPU Details OpenACC Details E
E | El T [ Reset All [ Analyze All
To enable kernel analysis stages select a host-launched kernel instance in the
timeline.
Application
Data Movement And Concurrency &
Compute Utilization [}
Kernel Performance [}
Dependency Analysis [}
NVLink [am)
s

a Select required events and click
on ‘Filter and Analyze’

Results
™ Filter Timelines

Start Address: 0%900000000 | End Address: |0x900141000

Virtual address range size: |0x141000

CPU Page Faults
Access Type: Read Write
GPU Page Faults
Access Type: Read Write Atomic Prefetch
@ HtoD Migrations
Reason: User ™ Coherence Prefetch
DtoH Migrations
Reason: User [ Coherence [ Prefetch Eviction

Filter and Analyze

The following table shows the summary of unified memory migrations and page faults after filtering

1311M8 | 1.704MB 0 0

Total HtoD migration size Total DtoH migrationsize Total CPU Page faults Total GPU Page faults Total different pages
: 5 | 68
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FILTER AND ANALYZE

Unfiltered

ZSE! ms 238.|5 ms 239| ms 239.‘5 ms 240| ms 24[].|5 ms 241‘ ms

236.‘5 ms ZSTI ms 23?.|5 ms

| 233.‘5 ms ?_34| ms 234.|5 ms 235‘ ms Z}S.IS ms 236: ms

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

L 5F GPU Page Faults

% Data Migration (HtoD)
[=| Context 1 (CUDA)
=] Compute
- F 100.0% vectorAdd...
[=| Streams.
- Default

N cudaDeviceSynchronize

[ TR L] ] | L - 1 I HEl I N NN B EE [ _Data__]

vectorAdd(Float const *, Float const *, Float*, int)
vectorAdd(Float const *, float const *, Float*, int)

vectorAdd(Float const *, float const *, Float*, int)
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CPU PAGE FAULT SOURCE CORRELATION

= E v | Reset All | [ 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 faults occurred
{Double-click to open the locationin source code)

Data Movement And Concurrency & i
CPU page faults Source location [}
Compute Utilization g, 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 _Z4initPFS_iiS_i@jacobi.cu:85
NVLink i 1 Unknown
v

41 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.
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