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GPU Analysis using the

SCORE-P ECOSYSTEM
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SCORE-P GPU MEASUREMENTS

e OpenACC

e Prefix compiler and linker command with scorep --openacc
export ACC_PROFLIB=$SCOREP_ROOT/lib/libscorep_adapter _openacc_event.so
export SCOREP_OPENACC_ENABLE=yes

yes refers to: regions, wait, enqueue

Full list of options in User Guide

e CUDA
e Prefix compiler and linker command with scorep --cuda
e export SCOREP_CUDA ENABLE=yes
e yes refers to: runtime, kernel, memcpy

e Full list of options in User Guide

e OpenCL similar (use SCOREP_OPENCL_ENABLE=yes)
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EXAMPLE: OPENACC

File Display Plugins Help

synchronize state of ... - Restore Setting ~ Save Settings Delete Settings

Absolute ~ | | Absolute ~ | B Advisor | B score-P configuration | ¥ scorepion | [@ source 'ﬁ:
- Metric tree - Call tree Flat view 72 for (intj = 1;j <n; j++) %
1.00e4 Visits (occ) ~= 0.04 laplace2d _acc i _ _ -
0.00 ..acc_cuda_funcreg_constructor_1 Z; inewu_][o]q:zfmé];_ . . o
0.00 Minimum Inclusive Time (sec) ~m 0.05 main s ) e et e e g
6.61 Maximum Inclusive Time (sec) 0.05 acc_init 84 [
o O bytes_put (bytes) 0.00 StartTimer 85tpragma acc data copy(A, Anew) i
o O bytes_get (bytes) >m 0.05 acc_data_enter@laplace2d.c:85 8 while ( error > tol && iter < iter_max ) S
o 0 ALLOCATION_SIZE (bytes) : 77«
o O DEALLOCATION_SIZE (bytes) >o 2.21 acc_compute@laplace2d.c:103 :: error = 0.f;
o O bytes_leaked (bytes) >m 0.05 acc_data_exit@laplace2d.c:85 .
. . pragma omp parallel for shared(m, n, Anew, A)
o 0.00 maximum_heap_memory_allocate 0.00 GetTimer s1tpragma acc kernels
B2 for(intj=1;j<n-1; j++)
93 {
94 for(inti=1;i<m-1;i++)
95 {
96 Anewl ]jI[i] = 0.25f * ( A[jI[i+1] + A[jI[i-1]
97 + A[J-1101 + AL+110);
28 error = fmaxf error, fabsfAnew[jI[i1-A[jI[iD);
99
100 } }
101
102¢pragma omp parallel for shared(m, n, Anew, A)
103kpragma acc kernels
Lo for(intj=1;j<n-1; j++)
105 {
106 for(inti=1;i<m-1; i++)
107 {
0.00 6.61 (100.00%) 6.61 ‘o.oo 4.16 (62.04%) 6.61‘ ros A[JI[] = Anewl[jI[i];
b 4

Pure OpenACC measurements contain host-side events only
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EXAMPLE: OPENACC + CUDA

File Display Plugins

Synchronize state of ... . u

Absolute

Help

Restore Setting ~ Save Settings

- Metric tree
1.30e4 Visits (occ)
0.00 Minimum Inclusive Time (sec)
5.86 Maximum Inclusive Time (sec)
O bytes_put (bytes)
O bytes_get (bytes)
O ALLOCATION_SIZE (bytes)
O DEALLOCATION_SIZE (bytes)
O bytes_leaked (bytes)
0.00 maximum_heap_memory_allocated (t

&

B 0O

0O0OO0OO0OO¢GoQ0aG O

Delete Settings

Absolute

- Call tree Flat view

~ | | Absolute

- System tree - Statistics |- Sunburst

~m 0.05 laplace2d_acc

0.00 ..acc_cuda_funcreg_constructor_1

~m 0.03 main

0.09 acc_init
0.00 StartTimer
0.04 acc_data_enter@laplace2d.c:85
3.62 acc_compute@laplace2d.c:91
.03 acc_compute@laplace2d.c:103
.05 acc_data_exit@laplace2d.c:85
.00 GetTimer
0.00 BUFFER FLUSH
51 main_94 gpu
05 main_98_gpu__red
99 main_106_gpu

[

I O[O

Wy

2
0]
0]

I

[

3.
0.
1.

u]

= 0.00 machine Linux

~o 0.00 node zamQ098
~o 0.00 Process
= 3.62 Master thread
= 3.51 CUDA[0:14]

sa!qudoJ_| B0 MBI Wa)shs

All (2 elements)

‘0.00 11.47 (100.00%) 11 ‘47‘ ‘0.00 7.13 (120.529%) 5.92‘ ‘0.00 0.00 (0.00%) 7.13
_——— T
b 4
Enabling CUDA also shows kernels on the GPU
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VAMPIR CUDA EXAMPLE

W File Edit Chart Filter Window Help

Timeline

ElEE

0]

EXBULEEPIERRLBE B4V e B DRI

86.925s 86.975s 87.025s

e

CUDA[0:7]:1
CUDA[0:13]:1 : :
CUDA[0:15]:1
¥ Master thread:2
CUDA[0:7]:2
CUDA[0:13]:2
CUDA[0:15]:2
v Master thread:3
CUDA[0:7]:3
CUDA[0:13]:3
CUDA[0:15]:3
¥ Master thread:4
CUDA[0:7]:4
CUDA[0:13]:4
CUDA[0:15]:4
¥ Master thread:5
CUDA[0:7]:5
CUDA[0:13]:5
CUDA[0:15]:5
w Master thread:6
CUDA[0:7]:6
CUDA[0:13]:6
CUDA[0:15]:6
w Master thread:7
CUDA[0:7]:7
CUDA[0:13]):7
CUDA[0:15]:7

86.950s

¥ Master thread:0
CUDA[0:7]:0
CUDA[0:13]:0
CUDA[0:15]:0

¥ Master thread:1

Mitglied der Helmholtz-Gemeinschaft

87.050s

Function Summary
Filter, Accumulated Exclusive Time per Function

0.8s 0.6s 0.4s 0.2s 0.0s

[OOSR buildKKRMatri... x<double> >&)

0.261s

9.762 ms
9.753 ms
9.128 ms
3.53ms
2.292 ms
1.577 ms
1.375 ms
1.327 ms
711.018 ps
610.78 ps
537.445 ps
425.693 ps
419.585 ps
85.947 s
63.137 ps
50.386 ps
8.737 us
7.957 ps
7.737 us

Detailed view on host-device
communication

fermizgemm_v3_... double2, int)
zblock_lu

[62638 ™ cudaEventSynchronize
46.171 ms [B] cudaMemcpy

maxwell_zgem..._raggedMn_nn
cudalaunch
cudaSetupArgument
cudaMemcpy2DAsync
cudaBindTexture
cudaMemcpyAsync
cudaUnbindTexture
cudaEventRecord
cudaGetLastError
cudaConfigureCall
maxwell_zgem..._raggedMn_nn
tau_inv_postproc_nrel
cudaStreamWaitEvent
calculateTauMa...uble> >§&, int)
block_inv

trgtol

clock_time_

cmtruni

!$somp for @cal...Matrix.cpp:450

Material science code
LSMS

CUDA is utilized for heavy
computations

CUDA streams are child's
of the owning Process

Allows an in-depth
analysis of host-device
communication
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VAMPIR CUDA EXAMPLE

W File Edit Chart Filter Window Help

EvRLER OIERALEEBAV [~ -
0s 595 100s S— 150s 200s 250s -

er, Accumulated Exclusive

w Master thread:0
CUDA[0:7]:0
CUDA[0:13]:0
CUDA[0:15]:0

w Master thread:1
CUDA[0:7]:1
CUDA[0:13]:1
CUDA[0:15]:1

v Master thread:2
CUDA[0:7]:2
CUDA[0:13]:2
CUDA[0:15]:2

¥ Master thread:3
CUDA[0:7]:3
CUDA[0:13]:
CUDA[0:15]:

¥ Master thread

CUDA[0:7]:4

CUDA[0:13]::

CUDA[0:15]:4

¥ Master thread:5
CUDA[0:7]:5
CUDA[0:13]:5
CUDA[0:15]:5

¥ Master thread:6
CUDA[0:7]:6
CUDA[0:13]:6
CUDA[0:15]:6

¥ Master thread:7
CUDA[0:7]:7
CUDA[0:13]:7
CUDA[0:15]:7

iew on the general host-device
communication pattern

Number of Messages

4

v Maste...ead:0

CUDA[0:7]:0

CUDA...31:0

Sender

CUDA...5]:0

v Maste...ead:1

Mitglied der Helmholtz-Gemeinschaft

EE)E]

Function Summary
Time per Function
250s 0Os

buildKKRMatri...x<double> >&) *
fermiZgemm_v3_... double2, int)
209.767s | zblock_lu
170.183s E cudaEventSynchronize
[EBZ07E MP1_init
1533355 | rwave
85.165 1 MPI_Wait
42.418s | cnewint
37.334s E cudaMemcpy
35.276s [1] cudaFree
27.769s [] MPI_Allreduce
2146535H cudaMalloc
20.467s [ solveSingleScat...ution> >§&, int)
13.358s B cudaMemcpy2DAsync
8.66s || int main(int, char**)
8.58s | cudaLaunch
7.228s | cudaSetupArgument
6.555! intphi -
Communication Matrix View

Receiver

S o S
-5 S 5 S
-eka:n Q"\\ Qf;] Q";?
& 5 & 5
5 N S N
§ G 9 9]

=13k

9k
8k
7k
6k
5k
4k
3k
2k
= 1k
» 0k

e Communication Matrix
best for analyzing the
general communication
pattern

e Expectation: balanced
communication,
represented by a
symmetric matrix

Problem: communication
with stream 7 is different
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VAMPIR CUDA EXAMPLE

W File Edit Chart Filter Window Help
EvRuEmed

89,2s

Timeline

89.4s 89,5s

Master thread:0
CUDA[0:13]:0

Master thread:1
CUDA[0:13];

- I

Per device view on the CUDA kernel
execution

Master thread:5
CUDA[0:13]:5
Master thread:6
CUDA[0:13]:6
Master thread:7
CUDA[0:13]:7

GPU Events over Tig

T T

v ... summitdev.ges. ik | ]j}ﬂ]m[! ”:”;
~ ... summitdev-roc2n05 ] Tnmi HI;MJMJH]WH m=
~ Device 0 | —rmi J_JHJJ i i
» Stream 7
» Stream 13 0 1 HLJ]H TN amm i
s sweamis | JJQIJITU_ETXJ\ 0 _n=
~ ... summitdev-r0c2n06 | T ! Tl P —
~ Device 0 T H":ﬂ” H:U_
> Stream 7
» Stream 13 JJgu i 3 =
» Stream 15 ”:‘ l]J

‘ﬂ]] m "TII—WW il

Mitglied der Helmholtz-Gemeinschaft

rsffesc

0.435s

ERA2ES89 B2V

Communication Matrix View

Number of Messages

Receiver
4 ) )
> S 5 S
ég? Q;\\ 5 Q’i?
$ o‘} o% Q‘>
5 N} N N
& G G G

w Maste...ead:0

CUDA[0:7]:0

CUDA...31:0 m

w Maste...ead:1

Sender

CUDA[0:7]:1

Context View

— B shared Resource Timeline 3¢

Property Value

Display Shared Resource Timeline
Type Function

Interval Begin 89.261313s

Interval End  89.261988s

Duration 675.166738 us

W

= 35

28

21

14

Time Range  Set Zoom
Function [Tlfermizgemm_v3_kernel<false, false, false, false, 16, 24, 8, 8, 8>(int, int, int, doubl
Value 16.622748%

Function [P maxwell_zgemm_32x32_raggedMn_nn

Value 0.984043%

N

Shared Resource Timeline
offers a per device view
on kernel executions

Best suited for analyzing
multi GPU per node
scenarios

Allows a dedicated
analysis of kernel
execution patterns

Yields insights of the
actual hardware usage
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WHAT ABOUT SCALASCA AND GPUS?

 The Scalasca trace analyzer aborts if it encounters non-CPU locations, e.g. GPU streams
 However, GPU events are not too important for the analysis performed by Scalasca
e To enable a Scalasca analysis of a GPU application, either:

e set SCOREP_CUDA_ENABLE=0 to disable all GPU events

e set SCOREP_CUDA ENABLE=runtime to get host-side events from the runtime

Attention:

e Due to the asynchronous execution of GPU kernels, some advanced Scalasca analysis
can be misleading, e.g. Critical-path analysis

e Host side might be idle, while GPU can still be busy

JULICH
SUPERCOMPUTING
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GPU Analysis using

NVIDIA NSIGHT
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LEGACY TRANSITION

T~ i

—

&ndalone Ul

o\

9 Standalone GUI+CLI Q Standalone GUI+CLI

CPU-GPU interactions & triage GPU CUDA kernel analysis & debug
Low overhead capture Very high freq GPU perf counters
GPU compute & graphics Compare results (diff)

Faster GUI + more data Incredible statistics & customizable
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NSIGHT SYSTEM

e System-wide application tuning
e Locate optimization opportunities
e Visualize millions of events on a timeline
e See gaps of unused CPU and GPU time
e Balance workloads across multiple CPUs and GPUs
e CPU utilization and thread state
 GPU streams, kernels, memory transfers, etc.
e Multi-platform support
e Linux, Windows and Mac OS X (host-only)
e X86-64, Power9, ARM server, Tegra (Linux & QNX)

Mitglied der Helmholtz-Gemeinschaft Seite 12 J Forschungszentrum
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File View Tools Help

tf2-r50.qdrep report.qdrep X profile_circe-n011_506451_0.qdrep.qdrep X tealeaf.qdrep X

| = Timeline View -

T p— .
®m Qix ; /A 21 warnings, 31 messages
- 1505 160s 170s 180s 190s 200s 210s 2205 2304
'} A A ] A i i i A
| :

» CPU(24)

~ Processes (5)
v (®) [757] python

Thread/core

v Threads (115)

~ |V [847] python ~

CPU/Core

migration

utilization .

Profiler overhead

v |V [813] python ~

OS runtime libraries
tensorflow-core C U DA ) Ccu D N N
S and Tensorflow SeesiEes

ntan e A8

Bhiamak b ] 8 ] b B b e ot

. mh;— o ams d e ande L Bt

A B0 05 N hnad Jh M N dadt dd

Bl mlbe Bt b ol Wb o M st B e s st B ol Bt B e T st 1 Bttt ] B0 b Bl S oL 2t B i e o M

AN

0S runtime libraries

~ |V [846] python ~

OS runt1me
llbrary calls

95.9% Kernels

i mamsimmmsssumSllessssidNing stdm

4.1% Memory

SM Warp Occupancy

x .~ [NV O L R AR AR AN

EmssLimsussslisussSSl Iuss IENSlssssusianunnian

3l ],’ A """" " "l"ﬂ"'ﬂ'mumxwlmmwu A S mwtwm

| GPU act1v1ty

-

.,

Mitglied der Helmholtz-Gemeinschaft
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USAGE OF CLI

e Basic profiling session: nsys profile ./app
e Interactive session (scriptable): nsys start|launch|stop|cancel
o Useful flags:
e APl tracing: -t, —--trace={cuda,nvtx,mpi,openacc,openmp,none,...}
» Overwrite existing report: -f, --force-overwrite=[true|false]
e Summary statistics (profile output on command line): —-stats=[true|false]
e Report file name: -o, --output=report//pattern for hostname, PID, etc//
e Callstack sampling:

 CUDA memory usage: -—cuda-memory-usage=[true|false]
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CLI PROFILING — MPI PROGRAMS
Single Node

nsys profile [nsys args] mpirun [mplirun args] your executable

> This creates one report file.

Multiple Nodes

mpirun [mpirun args] nsys profile [nsys args] your executable

Set output report name with -o report name %gq{OMPI_COMM WORLD RANK}
(for OpenMPI, PMI_RANK for MPICH and SLURM PROCID for Slurm)

= This creates one report file per MPI rank. 1 7bin/bash

# OMPI_COMM_WORLD_LOCAL_RANK for node local rank
if [ SOMPI_COMM_WORLD_RANK -eq 0 ]; then
Profile only specific ranks. = Rk profile -t mpi "$e"
else

||$@||
fi

JULICH
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CPU CORES WORKLOAD

See CPU core utilization by application’s threads

Locate idle time on CPU cores

Time

5 ruler

Average
utilization

()

Cores Color

JULICH
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CPU THREAD ACTIVITY

Average
Thread CPU core CPU core

state utilization

~ v [846] python ~

b

OS runtime libraries | pthread_cond_wait ® Running .:":' pthread_cond_wait

Time: 193,832s

i Waiting (with callchain) Sampling point
Time: 193,75s ‘
Call stack at 193,84s:
[ 3 L60.32.03{10 Frames)
: 5 2. 03culaunchKernel
bcudart 11.2.14610x7fa%47b 1028
L art 1.2.746cudalaunchKernel
flow nal.solvoid Eigenzinternal:EigenMetaKernel<..>(...)

Call stack of first coincident event at 193,75s:
libe-2.31 solpthread cond wait
libstdc ).6.0.281std::.condition_variablezwait(...)
11.solEigen::ThreadPoolTempl<...>:WaitForWork(.
1l.solEigen:ThreadPoolTempl<..>::WorkerLoop(...) wra nse W Inte
iternal.solstd:_Function_handler<...>::_M_invoke(...) tensorflow:-functor:CastFunctor<...>;.operator()...)
v framewor ). 2itensorfiow: ... ) PThread: ThreadFnd...) ywrap_tensorflow_internal. solstd:_Function_handler<..>::_M_invoke(
1.solstart_thread ywrap tensorflow Internal soltensorflow:CastOpBasezCompute(...)
!_clone Max depth][Max depth]

IJ JULICH | 255 e

Forschungszentrum CENTRE
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CUDA API

Trace CUDA API Calls on OS thread
See when kernels are dispatched

See when memory operations are initiated
Locate the corresponding CUDA workload on GPU

4 /| [181] python -~

OS runtime libraries pthread mutex_lock

CUDA API cudaMalloc

Mitglied der Helmholtz-Gemeinschaft Seite 18
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GPU UTILIZATION

i15s »

~ CUDA HW (0000:65:00.0 - A100-

~ [All Streams)

* 095,9% Kernels ¥ &

» 60.1% wgrad2d_grouped_

~ 7.2% dgrad2d_grouped_d

57.5% void cudnn::cnn:

42.5% void cudnn:cnn:

4.1% Memory

@) JULICH | i
SUPERCOMPUTING
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GPU UTILIZATION IN DETAIL

g avs. CUDA kernel coverage

avg. no. of memory operations

CUDA (Tesla V100-SXM2-16GB

... reveals gaps where there were valleys.

& ) JULICH | &2
SUPERCOMPUTING
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CUDA MEMORY TRANSFERS

E Timeline View - A 1 warning, 15

255 USRS bins HUBE L) HOBE B s D by UGS S 255 SRR ED3Ems [ HUEE. Bl s

R LR

05 runtime libraries pthreact_spir_lock
FONVTX
CLDA AP | Cleab ImepyAsnc

e e —— - — -P'.!

= CUDA (Quadro G100 T T

= Stream Ph
b Eernels
P Memaory
*  Stream 23
= biream 23
b Kernels
= Memary
Memzst
HioD memcpy
DitoH memcpy

Stream 13 Beqing: 75.9806s
Stream 19 Endz 25.9886s (+1.184 ps]
DtoH memcpy Memcpy B bugs

e Source memory kind: Degfte
stream 17 Destination memary kin: Pageable
Stream 21 Throughput G.T5676 Mid

Lomrelabon I 227265

cudaMemcpyAsync behaving synchronous
Device to host pageable memory
Mitigate with pinned memory

Mitglied der Helmholtz-Gemeinschaft Seite 21 J
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UNIFIED MEMORY ANALYSIS

= Timeline View - |

Q1x
18w +B897ms —392 SMNS +B98me ~89§Iv‘u -3991 Sms +900ms
» CPU(12)
~ Threads (8)
+ v [22032] Uumvectorada - L & A L N | AL 'F_ 1 | . !_
| | mmap | sem _timedwait
0S runtime libraries
CUDA API =i (€2 eudafree
Profiler overhead ( CUDA profiling data flush overhead
+ v [22038] UvmVectorAdd v! !
-~ -
0S runtime libranes sem_ti medwait poll
6 threads hidder -
~ CUDA HW (0000:02:00.0 - Gel = my v " W
» 85.7% Context 1
~ 14.3% Unified memory &
GPU Page Faults VM GPU page fault @ 0x7#4fa4000...] UVM GPU page fault @ ...
i 5 - _aadd
~ 100.0% Memory - - UVM GPU page fault
Begins: 1.89844s
69.8% HtoD transfer | N BEID  |enos 1s0es6s (+118.112 ps)
30.2% DtoH transfer Virtual address: 0x7f4fa4080000
# of page fault groups: 5
CUDA UVM CPU Page Faults Memory access type: Write
1.074
1
Events View -
Name v |
# ~ Name Start Duration GPU Description:
1 UVM GPU page fault @ 0x7{4fa4000000 1.89747s | 564.124 ys GPU D UVM GPU page fault
2 UVM GPU fault @ 0x7i4fa4010000 1.89804 397.469 GPU 0 ins: 1.897475
pgsfaet® b a e Ends: 1.89804s (+564.124 yis)
3 UVM GPU page fault @ 0x7f4fa4080000 1.89844s 118,112 us GPU D Virtual address: 0x7f4fa4000000

# of page fault groups: 1
Memory access type: Read

CUDA Unified Memory CPU & GPU Page Fault Trace

&) JULICH
Mitglied der Helmholtz-Gemeinschaft Seite 22 J Forschungszentrum
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USER ANNOTATIONS WITH NVTX

CPU (8)

v Threads (19)

v [] [9695] vnd _LINUXAMDES. ~

OS runtime libranes

‘;q;-n.-r-wt.sbnn tast soopt [1.7783]

Segmentation (Al Steps) [987.535 ms]

Segmentat
0 [347.785 ma] 11000
.. Sementaton:me | |

CUDA AP

Example: Visual Molecular Dynamics (VMD) algorithms
visualized with NVTX on CPU

@) JULICH | i
SUPERCOMPUTING
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STATISTICAL SAMPLING

Bottom-Up View ~ Process [9695] vmd_LINUXAMDG4. 11 (3 of 15 threads)

{ Filter... = 99.82% (23,250 samples) of data is shown due to applied filters,

Symbol Name Self, % Maodule Name
l P Sam p le = =l  VolumetricData:compute_volume_gradient() 20.14 /nome/johns/vmd/src/gtcbuilds/vmd_LINUXAMDS4.11
— v VolumetricData::compute_volume_gradient() 20.14 /home/johns/vmd/src/gtcbuilds/vmd_LINUXAMDS4.11
ﬁ v BaseMolecule::add_volume_data(char const*®, double const®, double const®, double const®, double const®, int, int, int, float™) 18.30 /home/johns/vmd/src/gtcbuilds/vmd_LINUXAMDS4, 11

C Od e p at h 1 — v VMDApp:molecule_add_volumetric(int, char const®, double const®, double const®, double const®, double const’, int, int, int, float®) 18.30 /home/johns/vmd/src/gtcbuilds/vmd_LINUXAMDG4, 11
H v obj_segmentation(void*, Tcl_Interp™, int, Tcl_Obj* const*) 1830 /home/johns/vmd/src/gtcbuilds/vmd_LINUXAMDS4,11

. [Max depth] 18.30 [Max depth]
pa— v BaseMolecule::add_volume_data(char const®, float const®, float const*, float const®, float const®, int, int, int, float*, float”, float”) 1.84 /home/johns/vmd/src/gtcbuilds/vmd_LINUXAMDS4.11
‘ v MolFilePlugin:read_volumetric(Molecule®, int, int const®) 1.84 /home/johns/vmd/src/gtcbuilds/vmd_LINUXAMDS4.11
v VMDApp:molecule_load(int, char const*, char const®, FileSpec const?) 1.84 /home/johns/vmd/src/gtcbuilds/vmd_LINUXAMDS4. 11
v text_cmd_mol(void®, Tcl_Interp®, int, char const™) 1.84 /home/johns/vmd/src/gtcbuilds/vmd_LINUXAMDS4, 11
v TclinvokeStringCommand 1.84 /home/johns/vmd/src/gtcbuilds/vmd_LINUXAMDS4,11
C O d e p a t h 2 v TclEvalObjvinternal 1.84 /home/johns/vmd/src/gtcbuilds/vmd_LINUXAMDS64.11
lead] no tO = v TcIExecuteByuCoc_ic 1.84 ,f’homcejohnsz'vmd-’srcn‘gtcbuTIds.v’vmd_LlNU.'(Al.’lD&l.11
S v TelCompEvalObj 1.84 /home/johns/vmd/src/gtcbuilds/vmd_LINUXAMD64.11
| P sam p le v TclEvalObjEx 1.84 /home/johns/vmd/src/gtcbuilds/vmd_LINUXAMDS4,11
v Tcl_RecordAndEvalObj 1.84 /home/johns/vmd/src/gtcbuilds/vmd_LINUXAMDS4,11
v TclTextInterp::evalFile{char const®) 1.84 /home/johns/vmd/src/gtcbuilds/vmd_LINUXAMDS4,11
v VMDApp::logfile_read(char const®) 1.84 /home/johns/vmd/src/gtcbuilds/vmd_LINUXAMDS4.11
v VMDreadStartup(VMDApp™) 1.84 /home/johns/vmd/src/gtcbuilds/vmd_LINUXAMDS4,11

[Max depth] 1.84 [Max depth]

Ox7f10ca7022d6 5.13 fusr/lib64/libcuda,s0.390.25

obj_segmentation(void®, Tcl_Interp®, int, Tcl_Obj* const®) 344 /home/johns/vmd/src/gtcbuilds/vmd_LINUXAMDE4.11

shows statistics from periodic call-stack backtraces
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EVENTS VIEW

\ Events View - ‘
Name - [ Y
ld ~ Name Start Duration TID = Description:
| 149153 device_tea_leaf_ppcg_solve_calc_sd_new 11,4088s 3,265 ps 390019 ‘ Call to cudaMemcpy
149154 device_pack_bottom_buffer 11,4088s 3,247 ps 390019 | m Memory copies

149155 | cudaMemcpy 11,4088s 1,838 ms [ 390019 | Begins: 11,4088s
| Ends: 11,4106s (+1,838 ms)

[] 149174 D MPI_Isend 11,4106s 1,564 ps 390019 | Return value: 0
] 149175 [] MPL_irecy 11,41065 1,420 ps 390019 | Correlation ID: 40146

[] 149176 v [] mPLwaitall 11,41065 1,772 ms 390019 o
' | Call stack:

149199 * cudaMemcpy 11,4124s 77,788 ps 390019 | libcuda.s0.460.27.04{12 Frames]

149201 device_unpack_bottom_buffer 11,4125s 5,232 us 390019 } lIbcuda.s0.460.27 04lcuMemcpyDtoH v2
‘ , ' libcud A11.1.74(2 Fr
| 149202 device_tea_leaf_ppcg_solve_update_r 11,4125s 3,334 ps | 390019 ! nb::a::tl ;:1 117 4,[:“‘:3:]“"

149203 device_tea_leaf_ppcg_solve_calc_sd_new 11,4125s 3,268 ps 390019 i ;ea.'eacﬂ o

3 | TealeafCudaChunk::packUnpackAliBuffers(...)

| 149204 device_pack_bottom_buffer 11,4125s 3,031 ps 390019 _ ‘ tes leaficuda_pack buffers.

149205 * cudaMemcpy 11,4125s 1,853 ms 3‘.‘01 9  tea leall_tea_module MOD_tea_exchange
[ i i P | tea leafl
] 149224 [] MPLisend 11,4143s 2,081 ps 390019 | _update halo_module MOD_ update halo
[] 149225 (] MPLirecy 11,4143s 1,191 ps 390019 gl
] 149226 - [] MPLwaitall 11,4143 1,786ms 390019 e e

149227 libucp.s0.0.0.0!ucp_worker_progress 11,4144s - 390019  tea leall_tea leaf module MOD tea leaf
. : | tea leafidiffu

149228 libucp.50.0.0.0lucp_worker_progress 11,41445 . 390019 iy

149229 libopen-pal.s0.40.20.5!opal_progress 11,4145s - 390019 | [(Broken backtraces]/{Broken backtraces]
1 149230 libuct.s0.0.0.0luct_mm_iface_progress 11,4146s - - 390019 1

149231 lihnnen-nal sn 40 2N Slanal nroaress 11 4147s - 00010 i

e .
@ ) JULICH &
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GPU METRIC SAMPLING

s Tl e ici ids si

i e Is my GPU full? Sufficient grids size & streams? '

o N wasssd ® |s my instruction rate low (possibly 10 bound)?

e P o s ool @ Am | using tensor cores?

S l“. mw WW e Can | see GPU Direct RDMA/Storage or other transfers?
L : - | @ System-wide GPU observation

o Rerhildh ———— TR (no app required, but sudo or regkey) I

el e ——| 10kH.z default can be increased depending on GPU '

R e 1 , . e Metrics:

— wm WW SM utilizations 10 throughputs
o AT : e SMs active e PCle |
e — — e Instructions e NVLink ,
[y er— o T s T e TensorCores e DRAM .
cowes | MR MG | e Warp occupancy I
e I e i (including unallocated slots) '
CUDA MW (Urknown GR) 3 PR = K, )
[A Strewms] ¥ .- (L BRI b B N I N | RIS
¢ e ,_xnuxu;m;—_m_'__ — . ;
i 0y 0 o — | awsnsnes TensorFlow on 8xGA100 at 20kHz

' . JULICH JOLICH
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EXPERT SYSTEM

| CUDA Synchronous Memcpy

File View Tools Help

|
profile_circe-n011_506451_0.qdrep.qdrep | CUDA Synchronous Memset

: - | CUDA Synchronization APIs

= Timeline View v Qix |
55w +676.,05ms +676,1ms +6576, 1508 +576,2 ~676,25ms +676.3 | CUDA GPU Starvation
cuo AP » - O @ e e @) CUDA GPU Low Utizaton
OS runtime libraries | | pthread_cond_wait .| VULKAN GPU Starvation
= VULKAN GPU Low Utilization
~ CUDA HW {0000:34:00.0 - Te g ¥ .

+ [All Streams] ¥1 l I I I | I I

b 60.8% Default stream ~ } I ! 1 1 I

y 39.2% Stream 29 AN 2

“ »

Expert System View ~

@ Settings
CUDA Async Memcpy with Pageable Memory ~ | Duration ~ Start Src Kind Dst Kind Bytes PID Device 1D Context ID Stream ID APIName =
; 2,048 ps 6,38792¢ Device Pageable 8B 75475 0 1 7 cudaMemcpy
The following APIs use PAGEABLE memory -
which causes asynchronous CUDA memcpy 2,048 ps 6,8334s Device Pageable 4B 75475 0 1 7 cudaMemcpy
operations to block and be executed x
. 4 2
synchronously. This leads to low GPU 2,016 ps 2,5394s Device Pageable B 75475 0 1 7 cudaMemcp:
utilization, 2,016 ys 3,90617s Device Pageable 43B 75475 0 1 7 cudaMemcpy
Suggestion: If applicable, use PINNED 2016 ps 4,25257s Device Pageable 75475 0 7 cudaMemcp
memory instead. M 06| semes —-ZE_-_M
CLI command: 2016 ps ,9572s Device Pageable 75475 7 cudaMemcpy
nsys analyze -r cuda-async-memcpy /mnt/datal 2,016 ps 5,07088s Device Pageable 4B 75475 0 1 7  cudaMemep
traces/qdrep/nccl/profile_circe- -
n011_506451_0.sqlite ‘ ’

@ ) JULICH | 1u
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SHMEM, MPI AND UCX

* [1430905] SHMEM PE 1

OS runtime libraries

shmem_float_p [7,145

SHMEM

 [1430917)

[ shn‘e shmem_barrier_all [18.019 ps]
shmem float_p
Begins: 0,472616s
Ends: 0,472619s (+2,470 ps)
Thread: 1430905

shmem_finalize [1,279 s]

shmem_barrier_all [7,3... |

v V| [174635] MPI Rank 0 ~

MPI MPI_lsend [7.319 ps]
| ucp_tag _send_nbx | UCP tr... |
- UCX : " el |
ucp_tag_send_nbx
Begins: 0,177984s
Start & End

MPI_Irecy [7.585 ps] 'MPI_Waitall [11,493 ps]

ucp_tag_recv_nbx | UCP transf... | ucp_rkey

ucp_tag send nbx | UCP transfer processing [21,183 ps])

Ends: 0,177988s (+3,990 ps)
Thread: 174635
Categoryld: 2

Category: UCP transfer submit

ucp_tag_recv_nbx | UCP transfer processing [14,243 ps]

Completion tracking of non-blocking UCP communication operations

Mitglied der Helmholtz-Gemeinschaft
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NVSHMEM AND NCCL

| ® Timeline View - B Q 1x - — @ 23 messages
| 1s »+ +521.,52ms +521.54ms 4521,56ms +521,58ms Sl 1< 5214 N, 62ms +521.64ms +521,66ms +521,68ms +521,7ms +521,72ms +521,74ms | &
* [19621] NVSHMEM PEO
NCCL [nedAliReduce 26,3 |
' —[nvstmem_malioc (36690 ps] | (nvshmemx_int_sum r...| - nvshmem _free [91,979 pis]
NVSHMEM [EJ nvshmem _qulet [...|
1@w @ G | @ ) 6@ (e @) |

Profiler overhead

~ CUDA HW (0000:06:00.0 - 1" 3 —_— B
» [All Streams] | s [Bar) )
» 79.5% Default stream 7
;53¢ 19.8% Stream 22 H b4 Ber)

ncclKernel AllReduce RING LL Sum int32 t
Begins: 1,52161s G

Ends: 1,52165s (+41,504 ps)

i | nvshmemx_int_sum_reduce_on_stream

([ 731 * [] ncclaliReduce

732 ‘ cudaStreamIsCapturing

733 . cudaStreamWaitEvent

734 . ncclKernel_AllReduce_RING_LL_Sum_int32_t

Mitglied der Helmholtz-Gemeinschaft

y gn'd: <<<1, 1, 1>>>
block: <<<64, 1, 1>>>

Launch Type: Regular
Static Shared Memory: 41.472 bytes

Name

- | J
Dynamic Shared Memory: 0 bytes [ }
Registers Per Thread: 96 11D ~ | Description:
Local Memory Per Thread: O bytes e f
Local Memory Total: 251.658.240 bytes ' nvshmemx_int_sum_reduce_on_stream
Shared Memory executed: 98.304 bytes 19621 | Begins: 1,52158s
Shared Memory Bank Size: 4 B | Ends: 1,52161s (+28,855 ps)
Launched from thread: 19621 19621 - | Thread: 19621
Latency: +10,563 ps 19621 |
Correlation 1D: 4189
Stream: Stream 20 19621 o

@) JULICH | 22
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OPENMP

+ CPU(12)

* Threads (11)
0OS runtime libranes
OpenMP

CUDA API

0S runtime libraries
OpenMP

CUDA API

~ v [27841] OpenMP Initial -l

+332ms +332.5ms +333ms +333 S +334ns +334 Sis +335 s +335.5ms +336ms

L p— . «

“xp...| |[Explicit T...|

e R —
pehr pt. n p...| || &] ‘_J |p l_} _] [pt.. ] lpthr ’ [pthrN [m | [Z| P [ |p...| | pthread_rwiock_wrl
Paraiiel chuon | Paraflel Region ] Paraliel Region

Implicit Task &1 [[ Implicit Task ' implicit Task [Ewﬂ...] [Expﬁ,,,] [Expl.,.l Implicit Task ] Implicit Task

pUn:a s pthrea... | < p.. pthre...

[E,..u(&pl |;__] Impllcltl’as_k]
' (T3]

implicit Task

Implicit Task

Mitglied der Helmholtz-Gemeinschaft

OMPT-capable OpenMP runtime required

@) JULICH | us
SUPERCOMPUTING
Seite 30 Forschungszentrum CENTRE




LOADING MULTIPLE REPORTS

View Tools Help

New Project Ctrl+N
Open... Ctri+O e ——

s S P
Import... Qri+l - 2 L < - b RN, . P SN DR, PSR
Export jacobi_2mpi.qdrep [2 reports] Ctri+E -

Close jacobi_2mpi.qdrep [2 reports] X N, P — = =t
® Exit Crl+Q — == o=
wiIre bl |_|

NVTX

CUDA API

» CUDA HW (0000:06:00.0 - Teslz f—— e — ——
* prm-dgx-16 (0:0)
+ CPU(80)

* Threads (10)
* WV [19265] MPIRank0 ~

OS runtime libraries

MPI
NVTX l
2841 CUDAAPI S e L e l=fe- -

@) JULICH | i
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NSIGHT COMPUTE

e Interactive CUDA kernel profiler
e Targeted metric sections for various performance aspects

e Customizable data collection and presentation (tables, charts, ...
e GUI and CLI e T S— E— ——

Current Q. _init ( 01, 1)x(32,4,1) 217.63 usecond 297,114 40 0 - NVIDIA GeForce RTX 2080 Ti 1.36 cycle/nsecond 7.5 [15958] tea_leaf

] ]
. Pyt h O n - b aS e d A P I fo r g u I d e d an aIyS I S Time APICallID Function Name Demangied N: Proc Device Name Grid Size Block Size Cycles [cycle] Duration [msecond] Compute Throughput [%]  Memc
2021-Dec-— 43843 device_tea_leaf_ppcg.. device_te_ [15958] tea_leal NVIDIA GeForce_. 126, 1001, 297,114 0.22 77.89
43857 d q. device_tea_|_. [15958] tea_leaf NVIDIA GeForce RT 26,1000 492 094
 tea_|. [15958] tea_leaf NVIDIA GeForce RT.. 126,1001
- g Q. device_tea_|. [15' ) NVIDIA GeForce RT. 126, 1001
and post-processin
Page. Detalls * Launch: 0 343 - device_tea_leal_ppcg_sol ) Apply Rules | F Occupancy Calculator

Launch Cycles Regs GPU SM Frequency CC Process

Current 43843 - device_tea_leaf_ppcg_solve_init (126, 1001, 1)xi 297,114 40 0 - NVIDIA GeForce RTX 2080 Ti 1.36 cycle/nsecond 7.5 [15958] tea_leaf

e Support for remote profiling across et e

Compute (SM) Throughput [%]
Memory Throughput [%]
LI/TEXC
cle/nsecond]

= S
machines and platforms =
Compute is more heavily utiiized than Memory: Look at the ep C e spending their time doing

A High Compute Throughput iy . any computation is redundant and could be reduced or moved to look-up tables.

The ratio of peak float (fp32) to double (fp64) performance on this device is 32-1. The kernel achieved 0% of this device's fp32 peak performance and 19% of its fp64 peak performance. If
A FP64/32 Utilization determines that this kemel is fp64 bound, consider using 32-bit precision floating point operations to improve its performance. See the mode details on roofline

Busy [%]

JULICH | Lue
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PROFILER REPORT

Selected result

Current - device_tea_leaf_ppcg_solve_init

¢+ GPU Speed Of Light Throughput

ghput [%]
)
he Throughput [%]
& Throughput [%]
DRAM Throughput [%]

A FP64/32 Utilization

analysis.

Expandable
Sections

Mitglied der Helmholtz-Gemeinschaft

Metric values

Add Baseline ~ = Apply Rules & Occupancy Calculator Copy asImage =

Time Cycles Regs GPU SM Frequency CC Process

217.63 usecond 7114 40 0-NVIDIA GeForce RTX 2080 Ti 136 cycle/nsecond 7.5 [15958] tea_leaf

1secand]

% of it fp64 peak performa
he for

Expert Analysis
(Rules)

IJ JULICH

Forschungszentrum
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DATA TRANSFER ANALYSIS

e Detailed memory workload
analysis chart and tables

e Shows transferred data or
throughputs

e Tooltips provide metric
names, calculation formulas
and detailed background info

Mitglied der Helmholtz-Gemeinschaft

0.00 Inst

0.00 Inst

0.00 Inst

Instructions
ad
ad Matrix
ore
Shared Atomic
Other
Total

Instructions
Local Load

Seite 34

524.29 K Req

512.00 Req

0.00 Req

0.00 Req

0.00 Req

0.00 Reg

0.00 Req

49.15 K Req

49.15 KReg

Requests

64.00 MB

16.00 KB

Shared Memory

Bank Confli

49,152

0

49,152

Requests

0

sass__inst_executed_shared_loads

+smsp_inst_executed_op_ldsm.sum
+ sass__inst_executed_shared_stores
+smsp_inst_executed_op_shared_atom.sum

Hit Rate
0.16

e
o

0.00B

0.00B

n.ooBe

n.ooBe

Peer Memory

100%

shared: Shared memory is located on chip, so it has much higher bandwidth and much lower latency than either local or global

Shared memeory can be shared across a compute CTA.

il smsp: Each SM s partitioned into four processing blocks, called SM sub partitions.

The SM sub partitions are the primary processing elements on the SM.

A sub partition manages a fixed size pool of warps.
i 0 0

/.
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BASELINE COMPARISON

e Comparison of results directly
within the tool with "Baselines”
e Supported across kernels,

reports, and GPU architectures

Mitglied der Helmholtz-Gemeinschaft

Current 655 - reduceFinal (1,

Baseline 654 - reduc
= GPU Spead Of Light Throughput

Compute ( hroughput [%]

M Throughput

A

Small Grid  This kernel grid is too small to fill the available res

@ Roofline Analysis  The ratio c float

Compute

Memory [%]

0.0

» Compute Workload Analysis
@ Balanced No pipeline is over-utilized.
= Memory Workload Analysis

L2 Hit Rate [%]

Seite 35

16  NVIDIA GeForce
NVIDIA GeForce

GPU Throughput

0 60.0
Speed Of Light (SOL) [%]

Memory

/.

cond 7.5 [49 impleCudaGraphs

econd 7.5 [4969] simpleCudaGraphs

GPU Throughput Chart

for more details.

mance and cl of its fp64 pe

100.0

100%
0.00B
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SOURCE CORRELATION

pp 0 _half2

Sampling Data (All) C S L Sampling Data (Al viell&1m 172

Sarrpllng Sampling D g Sampllnﬁ Sampling Data
d

e Source/PTX/SASS — -
analysis and

correlation

B

e Source metrics per

N

5

I I d 1 _ _HO : m_ ( I ;I'-ulf r| - !;..;I]
I nStru Ctl On an 319  __CUDA_WOSTDEVICE_ _ half2(const _half2 &src) {
3 =( _he = =

__CUDA_ E h

I

S Total Sample Count: 1371
3.14% Selected (43)
aggregated (e.g. PC
[ [} 2 Y f 1 6.49% Branch Resolving (B9)
. R 5 e e 35.81% Long Scoreboard (491)
U JEY ( alf2_raw &h! 51.35% Walt (704)

h:

sampling data)

.NODEC

(] o o o o | 2 i i o

NOP
NOP
__half2float

e Metric heatmap 1 1 o s s ey e 0

@) JULICH | i
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OCCUPANCY CALCULATOR

 In-depth analysis of GPU
occupancy

e Quickly determine if
computational rescources

are wasted

Mitglied der Helmholtz-Gemeinschaft

Caompute Capability: Threads Per Blo

Shared Memory Size Config (bytes):

Registers Per Thread:
CUDA version: Shared Memory Per Bl

Global Load Cache Mode:

Apply Reset
RELES

Oco
Property Value
Threads per Multipro
ive Warps per Multiprocessor
ve Thread Blocks per Multiproc

Occupan each Multiproce

Allg ed Resources:

Resources Per Block  Limit Per SM able Blocks Per SM

Warps (Threads Per Block / Threads Per Warp) 4

er SM due to per-warp reg count) 4

Occupal Limiters:

Limited By Blocks per SM  Warps Per Block ‘Warps Per SM
per Multiprocessor 8 4 A

Reqgisters per Multiprocessor The pccupancy

Shared Memory per Mulip

Seite 37

Phy Limit of GPU

Threads per Warp

Max Warps per Multiprocessor

Max Thread Blocks per Mult

iprocessor

Max Threads per Multiprocessor

[t} num Thread Bloc

Registers per Multiprocessor

Max isters per Thread Bl

ared Memory per Blo
Register Allocation Uni
Reqister Allocation Granula
Shared Memory All
Warp Al tion Granularity

Shared Memary Per Blo

ck

n Unit Size

Limit

(CUDA runtime use)

/.

JULICH
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ROOFLINE ANALYSIS

11.05 Durat

e Determine whether the

application is memory

Memory is mo y utilized than Compute: Look at the C 0 identify the DRAM bottlene
bOU nd Or Compute bOU nd u're efficiently Iul.llizirlg the bytes Ua;mifened. Also consider whether it is to dlo more w:}rk. per mEL;nD.ry

Jcompute

e on this device is 2:1. The kernel achieved 0% of this device’s fp32 peak performance and 2% of its fp64 peak performance. See the

L] G u Id ed an alySIS pOI ntS ® Roofline Analysis The ratio of peak float : g:i_blle Efﬁ?d}fg}itrarforn
C etalls on roofline analy
Floating Point Operations Roofline

to detailed analysis of

the most severe problem

Performance [FLOP/s]
(1=1e+12)

100

Arithmetic Intensity [FLOP/byte]
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QUESTIONS? 9 JULICH

scalasca (3

e http://www.scalasca.org

e scalasca@fz-juelich.de

core-P

Scalable performance measurement
infrastructure for parallel codes

* http://www.score-p.org
* support@score-p.org




