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AGENDA

A CUDA Profiling Tools

A Unified Memory Profiling
A NVLink Profiling

A PC Sampling

A MPI Profiling

A Multi-hop Remote Profiling
A Volta Support

A Other Improvements



CUDA PROFILING TOOLS

NVIDIA® Visual Profiler {) % &

nvprof I8 & 'W *

NVI DI AE NsightE Vi#8ual Studio Editi on

* Android CUDA APK profiling not supported (yet)
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3RP PARTY PROFILING TOOLS

i
b :-iﬂ:ﬂi-:-r
Tuning and Analysis Utilities &
TAU Performance System ® VampirTrace

PAPI CUDA Component HPC Toolkit 4 SAnvioia



UNIFIED MEMORY PROFILING



UNIFIED MEMORY EVENTS

| 168s 1695 170 171s

[=] Process "hpgmag-fv 7 27" (2684)
[=| Thread 1007548352
“ Runtime API
- Driver API
- Profiling Overhead
[=| Unified Memory
L 5F CPU Page Faulks
[=| [0] Quadro GP100
[=] Unified Memory
L 5F Data Migration (DtoH)

L 5F GPU Page Faults

- %F Data Migration (HtoD)
[=| Context 1 (CUDA)

L 5F MemCpy (DtoH)

L 5F MemCpy (DtoD)

=] Compute

L 5 42.6% void smooth...
L 5F 23.8% void axpy _v...

L 5F 7.4% void smooth_...
L 5F 4.3% void residual _...
L 5F 3.4% void copy blo...

|I IIIII||I II|||I|I||I|I|I|IIIII|i|I|n |Iﬁ IIH

|
Voidaxp... | || |

(voidaxp...| |

Data Migration (DtoH)

Start

End

Duration

Size

Migration Cause
Throughput
Virtual Address
Memory operations
Process

GPU Page Fault groups
Skart
End
Duration
Memory Acccess Type
Virtual Address
GPU Page Faults
Memory operakions
Process

170.8455 (170,844,511,496 ns)
170.845 s (170,844,671,976 ns)
160.48 ps

2.097 MB

Eviction

13.068 GB/s

0x4b2a00000

Browse for executable...
2684

170.925 s (170,924,798,600 ns)
170.9255(170,924,919,048 ns)
120.448 s

Write

0x34b680000

2

Browse for executable...
2684
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SEGMENT MODE TIMELINE OPTIONS

o

Create New Session
Profiling Options
Set the profiling options

Profiling Options | Timeline Options

Execution timeoukt:

seconds
B start execution with profiling enabled

& Enable concurrent kernel profiling
B Enable CUDA API tracing in the timeline
Enable power, clock, and thermal profiling
B Enable unified memory profiling
B Use Fixed width segments For Unified memory timeline
Number of segments

Track memory allocations

Profile execution on the CPU
B Enable OpenAcCC profiling

Enable CPU thread tracing
B Run guided analysis

Advanced...

| < Back Cancel Finish
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SEGMENT MODE TIMELINE

U sNeusessiont & - = Properties 52 = g
025 0.255 0.3s 0355 04s 0455 053 0555 0.65 0655 0.7s 0.75s 0853 0.859
=I Process "jacobi" (5267) ‘ ‘ ‘ ‘ ‘ ‘ ‘ I ‘ ‘ ‘ ‘ ‘ ‘ CPU Page Faults
= Thead 655341440 The segment mode is used For this timeline. In this mode the timeline is split
. Runtime APl I into equal width segments and only aggregated data values For each time
P segment are shown.
trofngoetesd [l | | Timestamp 268.60478 ms (268,604,778 ns)
= Unified Memary
S ——— ——
5 ] aptics Deice 2 uration 10.33095 ms (10,330,953 ns)
5 Unfied Memory Virtual Address Range i 0x900000000 - 0x9001FFO00
-7 DataMigration Dok 1! ' ! ' | | Process | 5267
Y cupse I S S S e B '
- Dagin o) I I S S R
= 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]
- Default A1 N [ O N I B 10-20% [30000-60000]
I 20-30% [60000-90000]
B 30-402% [90000-120000]
I 20-50% [120000-150000]
50-60% [150000-180000]
60-70% [180000-210000]
70-80% [210000-240000]
I 350-°50% [240000-270000]
I 50-100% [=270000]
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SWITCH TO NONSEGMENT VIEW

Select settings view

|

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

]
Executable [C] Use fFixed width segments for Unified memory timeline

Timeline Options | ., ,mber of segments | 100

[ (Load data For time range|

Starttime |225

ms to End time | 700

ms

Enable timelines in session view
v & All

¥ & Process

> & Thread
. Profiling Overhead

SGIECt thIS tab Markers and Ranges
OpenACC
Pthread
CPU Page Faulks
¥ & Device

> B Unified Memory

= & Context

Load data within a specific time range

B Openinnew session

Apply
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U Newsessiont | *NewSession1-clone 52

[=I Process "jacobi” (5267)
[=| Thread 655341440
“ Runtime API
- Driver API
“ Profiling Overhead
[=| Unified Memory
L ¥ CPU Page Faults
[=I [0] Graphics Device
[=] Unified Memory
- 5 Data Migration (DtoH)

- 5F GPU Page Faults

- 5F Data Migration (HtoD)
[=| Context 1 (CUDA)
|=| Compute

L 5F 100.0% jacobi_iter...

|=| Streams
- Default

D.25s
:

NON-SEGMENTED MODE TIMELINE

03s 0.35s
.

0455 05s

& Load data for time range

Starttime | 225

ms to End time | 700

ms
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CPU PAGE FAULT SOURCE CORRELATION

© *NewsSession1 © *NewsSessioni-clone 52 = g

b.25 s 03s 035s 05s 0.65s 07s

[= Process "jacobi” (5267)
[=I Thread 655341440
" Runtime APl O A O
- Driver API
L Profiling Overhead
|=I Unified Memory
v cpursoermats | NN AR ONRARIL R A
[=I [0] Graphics Device
[=I Unified Memory

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

L ¥ GPU Page Faults |

7 Data migration (HeoD) || O O O 0 A R

|~ Context 1 (CUDA)

00 00

=/ Compute B O A0 00O
= 100.0% jacobiiter... || 00 OG0 A
[=| Streams
- Default B O 0 O
E Properties 22 = g

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

= Properties 22 = g

CPU Page Faults

Timestamp 440.45958 ms (440,459,581 ns)
Memory Acccess Type write
Virtual Address 0x900100000
[ Sourcelocation | mein@jacobicuizo |
Process | 25684

© *NewsSession1 |=| jacobi.cu =2

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

CUDA_CALL (cudaMallocManaged (&a, nx*ny*sizeof(float)));
CUDA_CALL (cudaMallocManaged (& new, nx*ny*sizeof(float)));
CUDA_CALL (cudaMallocManaged (&welghts, 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 = 8;

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(cudaGetlLastError()};
CUDA CALL(cudaDeviceSynchronize());
POP_RANGE
std::swap(a,a new);
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];
al{ny-1)*nx+ix]=al 1#nx+ix];
}
POP_RANGE
if ( @ == iter%lee )
std::cout<<iter<<std::endl;
iter++;
}

CUDA CALL(cudaEventRecord(stop));
CUDA CALL(cudaDeviceSynchronize());
POP_RANGE
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CPU PAGE FAULT SOURCE CORRELATION

= E o | 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 iy
Kernel Performance iy,
Dependency Analysis iy
NVLink iy

Results

The Following table shows the top locations where CPU page faults occurred
{Double-click to open the location in source code)

CPU page faults Source location

1001
1001
4

2
1
1

main@jacobi.cu:130 The location in source code where the CPU Fault occurred

main@jacobi.cu:130
Unknown

Unknown
_ZAinitPf5_iiS_i@jacobi.cu:85
Unknown
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NEW UNIFIED MEMORY EVENTS

Page throttling, Memory thrashing, Remote map

§ *unified-memory-new-events.nwp %

0.3125 0_3“135 0_3“145 0.3‘IISS D.3‘IIGS

0.3‘|I 7s

0_3185 0.3“195 0_3‘25 0.3|2‘I 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 F 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

| |

a

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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FILTER AND ANALYZE

0 Select unified memory in the
unguided analysis section

e Select required events and click
on OFilter

and

An al

[ Analysis 23 GPU Details (Summary) CPU Details

E=l |

| ¢ [a] Reset All [ Analyze All

(i

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

Application
Data Movement And Concurrency
Compute Utilization [ald
Kernel Performance [ald
Dependency Analysis S
NVLink LS
Unified Memory

OpenACC Details E

<

Results
™ Filter Timelines

Start Address: 0x900000000 | End Address: |0x900141000

Virtual address range size: |0x141000

| CPU Page Faults

AccessType: [ | Read | Write
| GPU Page Faults

AccessType: | | 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

1.311MB 1.704 MB 0 0

Total HtoD migrationsize Total DtoH migrationsize Total CPU Page faults Total GPU Page faults Total different pages
E E 68
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FILTER AND ANALYZE

Unfiltered

238 ms 238.5ms 239 ms 2395 ms 240 ms 2405 ms 241 ms

237 ms 237.5ms

| 2335 ms 234 ms 2345 ms 235ms 235.5ms 236 ms 236.5ms

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

L 5F GPU Page Faults

%I Data Migration (HtoD)
|=| Context 1 (CUDA)
=] Compute
- 5F 100.0% vectorAdd...
[=| Streams
- Default

cudaDeviceSynchronize

([ TR ]| En I - 1 I HENl NN 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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FILTER AND ANALYZE

Filtered

| 233.‘5 ms 234. ms 234.|5 ms 23% ms 235.|5 ms 236: ms 236.|5 ms 23?I ms 23?.|5 ms 23q ms 238.|S ms 239I ms 239.‘5 ms 240I ms Zdl].‘S ms 24 1‘ ms
[=] Process "vecAdd_managed" (...
=] Thread 3890149184
L Runtime API - cudaDeviceSynchronize
- Driver API
- Profiling Overhead
[=] Unified Memory
7 cPUPage Fauls | | | L1 | |
[=| [0] Graphics Device
[=I Unified Memory
* T Data Migration (DtoH) [ [Data... | | [ | [ | ] ] Data...
et el GP) Page Faults 1
" T Data Migration (HtoD) ] A ]| 1 [ [ ] || 1 I HEl I N NN BN
|=| Context 1 (CUDA)
= Compute vectorAdd(Float const *,float const *, float*, int)
- F 100.0% vectorAdd... vectorAdd(Float const *, fFloat const *, Float*, int)
[=| Streams
- Default vectorAdd(Float const *, float conzk *, Float*, int)

Filtered intervals
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