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Motivation and Challenges

A With growing hardware complexity, it is getting harder to accurately measure and optimize the
performance of our HPC and Al/ML workloads.

A TAU Performance System®:
& Deliver a scalable, portable, performance evaluation toolkit for HPC and Al/ML workloads.
& https://tau.uoregon.edu
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Motivation: Improving Productivity

A TAU Performance System®:

s Deliver a scalable, portable, performance evaluation toolkit for HPC and
Al/ML workloads

5 https://tau.uoregon.edu




TAU Performance System®

A Tuning and Analysis Utilities (25+ year project)
A Comprehensive performance profiling and tracing
A Integrated, scalable, flexible, portable
A Targets all parallel programming/execution paradigms

A Integrated performance toolkit

A Instrumentation, measurement, analysis, visualization

A Widely-ported performance profiling / tracing system

A Performance data management and data mining

A Open source (BSD-style license)

A Uses performance and control variables to interface with MVAPICH2
A Integrates with application frameworks

A https://tau.uoregon.edu




TAU Performance System®

O Para¥tools

_ . _ _ UNIVERSITY
A Versatile profiling and tracing toolkit that SUPPOItS: . mameedies ~ OF OREGON

d MPI, CUDA, ROCm, DPC++/SYCL (Level Zero), OpenCL,
OpenMP (OpenMP Tools Interface for Target Offload), OpenSHMEM

A Scalable, portable, performance evaluation toolkit for HPC and Al/ML workloads that supports:
d C++/C/DPC++, Fortran, Python

A Supports PAPI, Likwid for hardware performance counter information

A Instrumentation includes support for PETSc (Perfstubs), GPTL, PhiProf, XGC (CAMTIMERS),
Kokkos, MPI, pthread, event-based sampling, GPU runtimes

A A single tool (tau_exec) is used to launch un-instrumented, un-modified binaries
A T A U pasaprof, pprof, perfexplorer for profile analysis; Vampir, Jumpshot, Perfetto.dev for traces

A https://tau.uoregon.edu
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Application Performance Engineering
using TAU

A How much time is spent in each application routine and outer loops? Within loops, what is the
contribution of each statement? What is the time spent in OpenMP loops? In kernels on
GPUs and at the level of each statement inside GPU kernels.

A How many instructions are executed in these code regions?
Floating point, Level 1 and 2 data cache misses, hits, branches taken? What is the extent of
vectorization for loops? Accessing counters on both CPUs and GPUSs.

A How much time did my application spend waiting at a barrier in MPI collective operations?

A What is the memory usage of the code? When and where is memory allocated/de-allocated?
Are there any memory leaks? What is the memory footprint of the application? What is the
memory high water mark?

A How much energy does the application use in Joules? What is the peak power usage?

A What are the 1/0 characteristics of the code? What is the peak read and write bandwidth of
iIndividual calls, total volume?

A How does the application scale? What is the efficiency, runtime breakdown of performance
across different core counts?




TAU: Quickstart Guide

Profiling:

MPI: % mpirun -np 16 tau exec -ebs ./ a.out

A Pthread : % mpirun  -np 16 tau exec 1T mpi,pthread i ebs ./ a.out

A CUDA: % mpirun inp1l6 tau exec i T cupti,mpi icupti -ebs ./ a.out

A ROCm% mpirun -np 16 tau_exec i T rocm,mpi 7irocm -ebs ./ a.out

A Intel Level Zero: % mpirun  Tnp 16 tau exec 1T I0,mpi 110 Tebs ./ a.out

A Python: % tau_python ./ foo.py
Analysis: % pprof Ta Tm| more; % paraprof  (GUI)
Tracing:

A Vampir : MPI: % export TAU_TRACE=1; export TAU_TRACE_FORMAT=o0tf2
% mpirun -np 16 tau exec ./ a.out ; vampir traces.otf2 &

A Chrome/ Jumpshot : % export TAU_TRACE=1; mpirun  -np 64 tau exec ./ a.out
% tau_treemerge.pl ;

Perfetto.dev :% tau_trace2json tau.trc tau.edf T chrome 7 ignoreatomic I 0 app.json
Chrome browser: chrome://tracing (Load -> app.json )or Perfetto.dev

A Jumpshot : tau2slog2 tau.trc tau.edf 10 app.slog2; jumpshot app.slog2




TAU Performance System®

Parallel performance framework and toolkit

Supports all HPC platforms, compilers, runtime system
Provides portable instrumentation, measurement, analysis

TAU Architecture




TAU Performance System®

Instrumentation
A Fortran, C++, C, UPC, Java, Python, Chapel, Spark
A Automatic instrumentation
Measurement and analysis support
A MPI (MVAPICH), OpenSHMEM, ARMCI, PGAS, DMAPP
A Supports Intel oneAPI compilers
A pthreads, OpenMP, OMPT interface, hybrid, other thread models
A GPU: OpenCL, oneAPI DPC++/SYCL (Level Zero), OpenACC, Kokkos, RAJA
A Parallel profiling and tracing
Analysis
A Parallel profile analysis (ParaProf), data mining (PerfExplorer)
A Performance database technology (TAUdD)
A 3D profile browser




Instrumentation

A Source instrumentation using a preprocessor

Add timer start/stop calls in a copy of the source code.

Use Program Database Toolkit (PDT) for parsing source code.

Requires recompiling the code using TAU shell scripts (tau_cc.sh, tau_f90.sh)

Selective instrumentation (filter file) can reduce runtime overhead and narrow instrumentation
focus.

o ox Ox Ox

A Compiler -based instrumentation
d Use system compiler to add a special flag to insert hooks at routine entry/exit.
8 Requires recompiling using TAU compiler scripts (tau_cc.sh, tau_f90.shé )

A Runti me preloading of TAUb6s Dynamic Shared
d No need to recompile code! Use mpirun tau_exec ./app with options.




TAUOs Support ffor

MPI

A PMPI profiling interface

A MPI_T tools interface using performance and control variables

A MPI Collective Sync time: time in an implicit barrier in MPI collective operations
Pthread

A Captures time spent in routines per thread of execution
OpenMP

A OMPT tools interface to track salient OpenMP runtime events

A Opari source rewriter

A Preloading wrapper OpenMP runtime library when OMPT is not supported
Intel Level Zero

A Captures time spent in kernels on GPUs using oneAPI Level Zero

A Captures time spent in Intel Level Zero runtime calls
OpenACC

A OpenACC instrumentation API

A Track data transfers between host and device (per-variable)

A Track time spent in kernels

Runt

me




TAUOsSs Support

OpenCL

A OpenCL profiling interface

A Track timings of kernels
CUDA

A Cuda Profiling Tools Interface (CUPTI)

A Track data transfers between host and GPU

A Track access to uniform shared memory between host and GPU
ROCm

A Rocprofiler and Roctracer instrumentation interfaces

A Track data transfers and kernel execution between host and GPU
Kokkos

A Kokkos profiling API

A Push/pop interface for region, kernel execution interface
Python

A Python interpreter instrumentation API

A Tracks Python routine transitions as well as Python to C transitions
Julia

A Julia instrumentation at the compiler/IR level to rewrite code, manual

A Tracks time spent in Julia code

f

Or

Runt

me




Examples of Multi-Level Instrumentation

MPI + OpenMP

MPI_T + PMPI + OMPT may be used to track MPI and OpenMP
MPI + CUDA

PMPI + CUPTI interfaces
OpenCL + ROCm

Rocprofiler + OpenCL instrumentation interfaces
Kokkos + OpenMP

Kokkos profiling APl + OMPT to transparently track events
Kokkos + pthread + MPI

Kokkos + pthread wrapper interposition library + PMPI layer
Python + CUDA

Python + CUPTI + pthread profiling interfaces (e.g., Tensorflow,

PyTorch)

MPI + OpenCL

PMPI + OpenCL profiling interfaces




Usi ng TAUOsSs Runti me taBreet oadi ng

Preload a wrapper that intercepts the runtime system call and substitutes with another
MPI

OpenMP

POSIX I/0

Memory allocation/ deallocation routines

Wrapper library for an external package

No modification to the binary executable!

Enable other TAU options (communication matrix, OTF2, event-based sampling)




TAU Execution Command (tau_exec)

Uninstrumented execution
% mpirun -np 256 ./a.out

Track GPU operations
% mpirun -np 256 tau exec i rocm ./a.out (-rocm_pc for PC sampling on GPU)
% mpirun -np 256 tau exec i cupti ./a.out (-cupti_pc for PC sampling on GPU)
% mpirun -np 256 tau exec i cupti -um ./a.out (for Unified Memory) (-cupti_pc for PC sampling on GPU)
% mpirun T np 256 tau exec 110  ./a.out (-I0_pc for PC sampling on GPU)

% mpirun T np 256 tau_exec 1 opencl ./a.out
% mpirun T np 256 tau_exec 1 openacc ./a.out
Track MPI performance
% mpirun -np 256 tau_ exec ./a.out
Track 1/0, and MPI performance (MPI enabled by default)
% mpirun -np 256 tau_exec -io ./a.out
Track OpenMP and MPI execution (using OMPT for Intel or LLVM compilers that support OMPT)
% export TAU_OMPT_SUPPORT _LEVEL=full;
% mpirun Tnp 256 tau_exec 1 T ompt,mpi -ompt ./a.out
Track memory operations
% export TAU_TRACK_MEMORY_LEAKS=1
% mpirun T np 256 tau_exec 1 memory debug ./a.out (bounds check)
Use event based sampling (compile with i g)
% mpirun T np 256 tau_exec 1 ebs ./a.out
Al so export TAU_ METRI CS =ebsl res&lytibhA<Rle | fubclion DikeM é
export TAU_METRICS=ROCM_|LO|CUPTI_<GPU_metric> for access to GPU counters




Example: TAU Configuration on Aurora

% module use /softhodulefiles module load tau; Is $TAMakefile

Isoft/ perftoolstau/tau-2.35.2/x86_64/lib/Makefile.tatlevel _zeregptl-icpxpaprompt-mpi-python-pdt-openmplOmetrics

Isoft/ perftoolstau/tau-2.35.2/x86_64/lib/Makefile.tatlevel zereicpxpaprompt-python-pdt-openmplOmetrics

Isoft/ perftoolstau/tau-2.35.2/x86_64/lib/Makefile.tatlevel zeraittnotify -gptl-icpxpaprompt-mpi-python-pdt-openmplOmetrics

For anuninstrumentedbinary:

%mpiexeccn 4gpu_tile_compact.skau_exe;lO ./a.out

Picks the configuration represented by

[soft/ perftoolstau/tau-2.35.2/x86_64/lib/Makefile .tatlevel zeregptl-icpxpaprompt-mpi-python-pdt-openmplOmetrics
To use OpenMP instrumentation:

% export TAU_OMPT_SUPPORT _LEVEL=full

% export OMP_NUM_THREADS=<N>

%mpiexeccn 4gpu_tile_compact.skau_exea; T ompt,mpicompt ¢lO ./a.out

%pprof ca | more
%paraprof

% paraprof--packfoo.ppk
# Copy it to your local machine and launchpétaproffoo.ppk




Using TAU on Aurora at ALCF

% tar xf /soft/perftools/tau/tar/workshop.tgz ; cd workshop; cat README
% qgsub -1 -1lwalltime=0:29:00 - Ifilesystems=home:flare I A ATPESC2026 1qATPESC -|select=1 - X
% module use /soft/modulefiles; module load tau;
A Un- instrumented run with MPI % mpiexec T np N ./a.out
A Profiling an un - instrumented application (use tau_exec I ebs with any of the following for event - based
sampling):
A MPI without GPUs: % mpiexec -np N tau_exec -ebs ./a.out
A DPC++/SYCL with MPI: % mpiexec T np N gpu_tile_compact.sh tau_exec i T level _zero - 10 ./a.out
A #Use 110 pcinstead of 10 for sampling on GPU. export TAU_METRICS=L0_ComputeBasic (see tau_I0_avalil)
A DPC++/SYCL without MPI: % tau_exec i T serial i 10 ./a.out
A OpenMP: export TAU_OMPT_SUPPORT_LEVEL=full
A OpenMP with MPI: % mpiexec -np N gpu_tile_compact.sh tau_exec tau_exec T ompt ./a.out
A OpenMP without MPI: % tau_exec 1T serial - ompt./a.out
Analysis: % pprof iTa i m| more; % paraprof (GUI)
Tracing:
Perfetto.dev: % export TAU_TRACE=1; export TAU_FORMAT=perfetto; mpiexec i np N tau_exec ./a.out;
Jumpshot: % export TAU_TRACE=1; mpiexec T np N gpu_tile_compact.sh tau_exec [Options]./a.out;

% tau_treemerge.pl; tau2slog?2 tau.trc tau.edf I 0 app.slog2; jumpshot app.slog2 &




Using TAU on Frontier at OLCF

tar xf /sw/frontier/ums/ums002/ paratools /tar/ workshop.tgz

cd workshop; cat README

salloc -n4 -A<ACCOUNT>-N1 -t0:55:00 -gdebug -C nvme -- gpus 2
module load ums ums002 tau

srun -n4./ a.out

srun -n4 tau exec -rocm -ebs ./ a.out

srun -n4 tau exec Trocm _pc -ebs ./ a.out

export TAU_METRICS=ROCM_SQ WAVES # see rocprofv3 I L for a complete
list of counters

srun -n4 tau exec -rocm -ebs ./ a.out

pprof -a | more
paraprof -- pack foo.ppk
On your desktop: % paraprof  foo.ppk




Using TAU on ParaTools Pro for E4S™ cloud images with
MVAPICH on AWS, GCP, OCI, Azure, and IBM Cloud

{ N ) (5 &2 Hpc Cloud On-Demand Data ¢ X [ TurboVNC: eds-24-05-aws:1 (1 X +

C O B https://vnc-paratools.adaptivecomputing.com/vnc/vnc.html?resize=remote&path=novnc/websockify?token=6626d

1d00a6069602bd755¢ ¥ 9 & ® & =
Activities () Terminal Jun 13 02:00 q4

tutorial 10@e4s-24-05-aws: ~/examples/petsc-cpu

x50 cd ~/examplegpetsccpu
cd $PBS 0 WORKDIR cattau.sbatch

export MV2_HOMOGENEOUS CLUSTER= ./COmp”e.Sh

export MV2_SUPPRESS_JOB_STARTUP_PERFORMANCE_WARNING=
sbatchtau.sbatch

WISl tau exec -ebs WASGTE
-da_grid x 120 \ pprof ca

-da _grid y \

-pc_type lu \ paraprof&
-pc_factor mat solver type superlu dist \

-ksp_monitor \

-ksp view




T A U ®araProf Profile Browser: Source Code Browser

[ XN ) ) | 2 HPC Cloud On-Demand Data ¢+ X | [ TurboVNC: eds-24-05-aws:1 (1 X |+ v

(@) O [5 https://vnc-paratools.adaptivecomputing.com/vnc/vnc.html?resize=remote&path=novnc/websockify?token=6626dd00a6069602bd75 w Y ® ﬁ)

Activities () Terminal Jun 13 02:03

$s + tutorial 10@e4s-24-05-aws: ~/examples/petsc-cpu

sbatch tau.sbatch

00:02:00 R 00:00:26 .
: $ gstat -u $USER squeue i u SUSER

Req'd # After it completes

Job ID Username Queue Jobname
Is

paraprof &

é
il
@ e4s-24-05-aws:
=

tutoriall® eds-24-0 ex50
00:02:00 --

- 1s
ex50.011540000 profile.0.0. profile.
profile.0.0. profile.
profile.1.0. profile.
ex50.c makefile profile.1.0. profile.
ex50.e11540000 profile.0.0.0 profile.l.0. profile.
: paraprof




T A U pagaprof browser with PETSc

performance profile

e0e (5 2 Hpc Cloud On-Demand Data ¢ X [ TurboVNC: eds-24-05-aws:1 (1 X = +

C O ﬁ https://vnc-paratools.adaptivecomputing.com/vnc/vnc.htmi?resize=remote&path=novnc/websockify?token=6626dd00a6069602bd75 S:}

Activities edu-uoregon-tau-paraprof-ParaProf

Jun 13 02:06

TAU: ParaProf: Statistics for: node 0, thread 0 - /home/tutorial10/examples/petsc-cpu

File Options Windows Help

i [ ] | Al
Name
EMPLinit_thread()
¢ [ Main Stage
¢ [l [CONTEXT] Main Stage
[l [SAMPLE] MatLUFactorNumeric_SeqBAIl|_7_NaturalOrdering_inplace [{/tmp/ubt
[l [SAMPLE] DMLabelView_Concrete_Ascii [{/tmp/ubuntu/spack-stage/spack-stac
[l [SAMPLE] PetscDualSpaceSetUp_Lagrange [{tmp/ubuntu/spack-stage/spack
[l [SAMPLE] MatPreallocatorPreallocate_Preallocator [{/tmp/ubuntu/spack-stagr
[l [SAMPLE] PCSetUp_GAMG [{/tmp/ubuntu/spack-stage/spack-stage-petsc-3.21
[l [SAMPLE] DMPlexCreateSubmeshGeneric_Interpolated [{/tmp/ubuntu/spack-s
[l [SAMPLE] MatMult_MatMultAdd_SeqMAIj_Template [{/tmp/ubuntu/spack-stage,
[l [SAMPLE] MatAXPY_Basic_Preallocate [{/tmp/ubuntu/spack-stage/spack-stage
[l [SAMPLE] ISView_General_HDFS [{/tmp/ubuntu/spack-stage/spack-stage-pets
[l [SAMPLE] MatColoringCreateBipartiteGraph [{/tmp/ubuntu/spack-stage/spack
[l [SAMPLE] ScatterAndBOR_SignedChar_2_0 [{/tmp/ubuntu/spack-stage/spack-
[l [SAMPLE] ScatterAndinsert_SignedChar_2_1 [{/tmp/ubuntu/spack-stage/spac
¢ I MatLUFactor
o [l [CONTEXT] MatLUFactor
o [ltaupreload_main
o [l MPI_Wait()
o [l MatSolve
o [l DMCreateMat
o [l MPI Collective Sync
M pthread_join
W MPI_Bcast()
W MPI_Allreduce()
W VPl Test()
W MatView
W MPI_Recv()

8.0
7.8
Main Stage

il |

Exclusive TIME V Inclusive TIME

2,701
1.615
0
0.206
0.2
0.165
0.125

File Options Windows

Metric: TIME
Value: Exclusive

Std. Dev.

Mean

Max

Min

node 0, thre===

2,701
3.629
1.567
0.206

0.2
0.165
0.125

Help

Calls

TAU: ParaProf: /home/tutorial10/examples/petsc-cpu

node 0, thr¢ Show Thread Bar Chart
node 0, thr¢ Show Thread Statistics Text Wing
node 1, thr¢ show Thread Statistics Table

node 1, thr¢
node 1, thr¢

Show Thread Call Graph

node 2, thr{ Show Thread Call Path Relations
node 2, thr¢ Show User Event Bar Chart
node 2, thr{ goy User Event Statistics Window

node 3, thr¢
node 3, thr¢

Show Context Event Window

node 3, thr¢ Show Metadata for Thread
Add Thread to Comparison Window

paraprof

Choose

Show thread statistics table by
right clicking on

node 0, thread O.




Using pprof :

Activities

TAUO S

3 | & HPC Cloud On-Demand Data ¢ X [ TurboVNC: e4s-24-05-aws:1 (1 X = =+

O [5 https://vnc-paratools.adaptivecomputing.com/vnc/vnc.html?resize=remote&path=novnc/websockify?token=6626dd00a6069602bd75

£ Terminal Jun 13 02:04

tutorial 10@e4s-24-05-aws: ~/examples/petsc-cpu

$ paraprof &

[1] 152885
$ pprof -a | more

Reading Profile files in.profile.*

NODE 0;CONTEXT O;THREAD 0O:

Inclusive
usec/call

Inclusive
total msec

%Time Exclusive

20080268

20080002

13095901

3629490

2700776

1756523

1754558

: 36527

MatLUFactor
8.0
7.8

Main Stage

36527
130617

t e xt

w @ & ® A =
p

.TAU application
taupreload main

MPI Finalize()

Main Stage

MPI Init thread()
PCSetUp

MatLUFactor

MatLUFactor => [CONTEXT

[CONTEXT] MatLUFactor
Main Stage => [CONTEXT]

based

prof i |

pprof T a | more

Here we see PETSc timers
translated into TAU timers using
the Perfstubs library.

No modification to the source,
build system, or the binary!




PETSc CUDA with Perfetto Traces generated with TAU

[ ON ] () | 2 VNC Connection - e4s-25-11-av X =+

]
/T\

C O D & paratools.adaptivecomputing.com/clusters/696fdfeefcba3c11819bffel X
Feb17 02:10

paratoolsadmin@e4s-25-11-aws: ~/examples/petsc-cuda

paratoolsadmin@ed4s-25-11-aws:~/examples/petsc-cuda$ ./compile.sh ~C
paratoolsadmin@eds-25-11-aws:~/examples/petsc-cuda$ cat tau.sbatch
#!/bin/bash

--job-name=bench kspsolve

--nodes=2

--ntasks=4

--ntasks-per-node=2

--exclusive

-t 0-0:06

export MV2 HOMOGENEOUS CLUSTER=1
export MV2 SUPPRESS JOB STARTUP PERFORMANCE WARNING=1

v

W-EeX: N NENCN

spack load tau+mpi+cuda

export TAU TRACE FORMAT=perfetto
mpiexec tau exec -T cupti,mpi -cupti -ebs ./bench kspsolve \
-n 128 \
-its 1000 \
-matmult \
-mat_type aijcusparse \
-use gpu aware mpi 0

N
o

paratoolsadmin@eds-25-11-aws:~/examples/petsc-cuda$ sbatch tau.sbatch i
paratoolsadmin@eds-25-11-aws:~/examples/petsc-cuda$ ls tau.perfetto.gz
tau.perfetto.gz

paratoolsadmin@eds-25-11-aws:~/examples/petsc-cuda$ firefox https://perfetto.dev I

@ Sign in

O

Add

export TAU_TRACE=1

export TAU_TRACE_FORMAT=
perfetto




Visualizing PETSC CUDA Traces with https://Perfetto.dev

&2 VNC Connection - eds-25-11-av X =~

®
)}

v

T
Q

O [ &2 paratools.adaptivecomputing.com/clusters/696fdfeefcba3c11819bffel

5:? @ Sign in i’ =

q)
(7] tau.perfetto.gz (3 MB) - P X B Firefox Privacy Notice — | % -+

C QO 8 uiperfetto.dev.
Perfetto

7] 0 1 .

Q_ Search or type >' for commands or "' for SQL mode

Current Trace

B{rE N

wasd
TAU application W = W Id en
t.aupleload_mam S = S h rl nk
Main
Step2 -mmt A = Left
3 New Trace MatMult MatMult MatMult .
: VecScatteiBegin Veceat. VecScatterBegin chsu VecScatterBegin D= R|ght
cudaMemcpyAsync mp. |[e=fTYY cudaMemcpyAsyne MP. cudaMemcpyAsync

AR A
A
----- .TAU application
[PTHREAD) addr=<0x6a0a5b06910> [{(unknown)} {0, 0}]

.TAU application

Settings

= TAU application

taupreload_main
Main Stage

Step2 - MatMult

MatMult MatMult MatMult

e VecScatterEnd mmu‘ VecScatterEnd Wecseatll] || vecscatterend
PO ) MPI_Waitall() [} (5 MPI_Waitall() cuda.. MPI_Waital
AR AR
A A
Convert trace 9 h

“““ .TAU application
[PTHREAD] addr=<0x91e0d506910> [{(unknown)} {0, 0}]

.TAU application

MM

~ Rank 0 27849

£ Current Selection




Visualizing AWP-ODC traces on Vista (TACC)

eoe [~ <

i1 Perfetto

Navigation

Current Trace

awp_iwan_9n.json.gz (89 MB)

334339

main thread

& ui.perfetto.dev & ©@ @ + O

e awp_iwan_9n.json.gz (89 MB) - Perfetto Ul

.TAU application
Memory copy Device to Device

23438
434345 .TAU application
dstrqc_iwan(float*, float*, fl... dstrg... dstrqc_iwan(float*, float*, float*, float*, float*,... j2calc_iwan(float*, float*, fl... SHress_ov... void dvelc..  void ...
534351
|
634357 _TAU application
j2cale_iw...
734363 .TAU application
dstrqc_iwan(float*, float*, float*, float*, float*,.. dstrgc...
Thread 34365
934375 - g
134381 TAU application
[PTHREAD] addr=<0x400049c8d564> [{(unknown)} {0, 0}}
0361
i Current Selection T~
Slice dstrqc_iwan(float*, float*, float*, float*, float*, float*, float*, float*, float*, float*, float*, float*, float*, float*, float*, float*, float*, float*, float*, float*, float*, float*, float*, float*, float*, float*, float, float*, float*, int*, float*, int, int, int, int, int, int, int, int, int, int, int) Contextual Options ~
Details

Name dstrqc_iwan(float*, float*, float*, float*, float*, float*, float*, float*, float*, float*, float*, float*, float*, float*, float*, float*, float*, float*, float*, float*, float*, float*, float*, float*, float*, float*, float*, float*, float*, int*, float*, int, int, int, int, int, int, int, int, int, int, int)

Category TAU

Start time  00:01:10.067 867 000

v Duration  35ms 176us

Thread 4[34345]

Process 3(34339]

sqQLiIp slice[2785936] -




TAU Profiling Results for AWP-ODC on Vista@TACC

Y
Name: dstrqc_iwan(float*, float*, float*, float*, float*, float*, float*, float*, float*, Name: [CALLSITE] MPI Collective Sync [@] [inimesh]
float*, float*, float*, float*, float*, float*, float*, float*, float*, float*, float*, float*, [{/homel/00494/tg457572/scr/packages/AWP/AWP-ODC-YFSWP-Iwan/mesh.c} {588}]
float*, float*, float*, float*, float*, float*, float*, float*, int*, float*, int, int, int, int, int, | Metric Name: TAUGPU_TIME
int, int, int, int, int, int) Value: Exclusive
Metric Name: TAUGPU_TIME Units: seconds
Value: Exclusive
Units: seconds 1.233 | ] max
0.007 | min
108.06]1 esSSSESEEES— T AX 0.477 | | std. dev.
98,205 Il min 0.716 | | mean
3.082 @ std. dev. 1.002 | ] node 0, thread 0
102.772 s Mean 1.162 | | node 1, thread 0
106. 020 |l node 0, thread 2 1.233 | | node 2, thread 0
102.157 e node 1, thread 2 0.92 | | node 3, thread 0
08.82 ] [ node 2, thread 2 1.001 | | node 4, thread 0
108.06] [ node 3, thread 2 0.962 | | node 5, thread 0
105.47] @ node 4, thread 2 0.093 [ node 6, thread 0
101,438 | node 5, thread 2 0.063 [ node 7, thread 0
102.9083 e node 6, thread 2 0.007 | node 8, thread 0
08,205 ] mode 7, thread 2
101784 e 1 node 8, thread 2

Profiling AWP-ODC Iwan testcase on Vista at TACC with TAU showing the distribution of performance of a key GPU kernel across
multiple GH200 GPUs (left) and the time spent in a collective operation stalled at an MPI_Barrier call (right) across multiple MPI ranks.




TAU Results for HeFFTeusi ng MVAPI CHOs Dat

@ @ ParaProf: Comparison Window
Metric: TAUGPU_TIME sweep_c2c_nocompression_dyn_32/perf_1024x1024x1024_n_32_cufft_double_a2a_no_reorder_pencils_gpu_aware_zfp_16/pencils_zfp_16.ppk - node 0, thread 0
Value: Inclusive &= sweep_c2c_compression_dyn_32/perf_1024x1024x1024_n_32_cufft_double_a2a_no_reorder_pencils_gpu_aware_zfp_16/pencils_zfp_16.ppk - node 0, thread 0

Units: seconds

3.61 o
2.917 (80.809%) .TAU application
3.604 )
2.913 (80.845%) taupreload_main
3.603

e .
Oy ——————————————————————————————————————————— [y

Epgge———-—_==———————=——=——————————— . “
2L (70,621 e DenchmarkfTt<heffte::baclend:culft

202 |
08 (72,7 ey 111-AltoRI0

0.392 ] |0y (o
0.325 (82.802%) [ =~ -

0.272 ] .
0.271 (99.741%) [ make_data<std::complex<double>

0.261 [—
0.08 (30.725%) [

0.122 (] .
0.127 (103.683%) [ MPI_Finalize()

0.125
0.041 (32.705%) H

9.2E-5 |
0.11 (120077.174%)

0.084 [
0.084 (100.199%)

0.013 |
0.014 (105.314%) |

0.009 |
0.01 (113.879%) |

0.002 |
0.008 (481.311%) |

0.007 |
0.008 (116.683%) |

heFFTe performance data viewed in TAU's paraprof for sweep c2c testcase on 32 MPI ranks on Vista at TACC shows performance
improvement with compression enabled in MVAPICH.

MPI Collective Sync

cudaMalloc

cudaStreamCreateWithFlags

cudaStreamSynchronize

MPI_Allreduce()

heffte::fft3d<heffte::backend::cufft

MPI_Barrier()

MPI_Allgather()




Integrating TAU with MVAPICH through MPI_T Interface

BEACON / PYCOOLR |

Observe PVARs

Tune CVARs

Pubnshv\
Performance

\/ariables

User (Non-interactive and interactive report analysis modes)

Publish
Control
\Variables

MPI Applications (P3DFFT, HPCG, Amber, 3DStencil)

'

TAU

Report and
recommendations

v

Interactive
User
Dashboard

'

Control
policies

i

Interf
Get
Performance Variables
Variables
Set Control
Control Variables
Variables

i

a Ce Counters
Performance
Topology

MVAPICH

Advanced
Performance

*——__ Information

C/R, Migration

and
compaction
Communication
Mechanisms/

s

Multi/many-cores, hierarchy and heterogeneity, RDMA networks
(HW Performance counters: CPU, Memory and Network)

Enhance existing support for MPI_T in

MVAPICH2Z2 to expose a richer set of
performance and control variables

Get and display MPI Performance

Variables (PVARs) made available by

the runtime in TAU

Contr ol t hhe runt

Control Variables (CVARS)

Add support to MVAPICH2 and TAU
for interactive performance
engineering sessions

I




TAU Performance Measurement Model
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TAU Plugin Architecture

Extend TAU event interface for plugins
Events: interval, atomic
Specialized on event ID
Synchronous operation
Create TAU interface for trigger plugins
Named trigger
Pass application data
Synchronous
Asynchronous using agent plugin

event-specific

interval
plu gins
- enter
; =
— S
atomic @% -E—>
)
o
— | exit
—!7 atomic
. plugins
event-specific
triggerl
plugins
- triggerl
trigger 2

) b 4
| trigger3
= T

plugins

trigger 3
plugins

performance

____ltrigger2 » @




Plugin-based Infrastructure for Non-Interactive Tuning

ATAU supports a fully-customizable plugin
Infrastructure based on callback event
handler registration for salient states inside
TAU:

Function Registration / Entry / Exit
Phase Entry / Exit

Atomic Event Registration / Trigger
Init / Finalize Profiling
Interrupt Handler
MPI_T

AAppI l cation <c
and associated plugins

Pass arbitrary data to trigger state plugins

an def

n e

READ
PVARs

MVAPICH2

MPL_T Interface

TE

AUTOTUNING PLUGIN

WRI
CVARs
/—
-

h J

void autotuning_chb {
/I Perform
/I Autotuning through
f MPI-T

h J

}

void register_callback {

| Plugin
\ Registration

. -
/" TAU_Event: \

TAutotumng plugin

TALU_EVENT. interrupt_handler
= autotuning_cb;
TAU_EVENT.end_of_profiling
= NULL;

}

o

Interrupt

\\ Handler _/f'dispatch

—

/ TAU_Event:

End of dispatch

\\ Profiling _/»"

~
Recommendation plugin

~

p

RECOMMENDATION PLUGIN

TAU_EVENT. interrupt_handler
= NULL;
TAU_EVENT.end_of_profiling
= recommend_ch;

void recommend_cb { [
»| //Generate
[{Recommendations
}
void register_callback { [~

~

O/




TAU Runtime Control of Plugin

A TAU defines a plugin API to deliver access control to the
internal plugin map
A User can specify a regular expression to control plugins
executed for a class of named states at runtime
Access to map on a process Is serialized: application is
expected to access map through main thread




TAU Customization

A
A

TAU states can be named or generic

TAU distinguishes named states in a way that allows for separation of occurrence of a
state from the action associated with it

Function entry

f or Nf ooo

and

Nnbar o

represent

TAU maintains an internal map of a list of plugins associated with each state

APPLICATION N

Enter “foo”

i

——t

Enter "bar”

PLUGIN MAP

PLUGIN 1, PLUGIN 3, PLUGIN 4

PLUGIN 2

d




PVARs Exposed by MVAPICHZ2

File Options Help

x| TAU: ParaProf Manager

@ Applications

¢ 3 Default App
¢ 1 Default Exp
¢ @ lulesh.ppk
@TIME

¢+ I Standard Applications

o3 Default {jdbc:h2:/hom

TrialField

Value

MPI_T PVARI[OD]: mem_allocated

Current level of allocated memory within the MPI library

MPI_T PVAR[10]:

mv2_num_2level_comm_success

Number of successful 2-level comm creations

MPI_T PVAR[11]:

mv2_num_shmem_coll_calls

Number of times MV2 shared-memory collective calls were invoked

MPI_T PVAR[12]:

mpit_progress_poll

CH3 RDMA progress engine polling count

MPI_T PVAR[13]:

mv2_smp_read_progress_poll

CH3 SMP read progress engine polling count

MPI_T PVAR[14]:

mv2_smp_write_progress_poll

CH3 SMP write progress engine polling count

MPI_T PVAR[15]:

mv2_smp_read_progress_poll_success

Unsucessful CH3 SMP read progress engine polling count

MPI_T PVAR[16]:

mv2_smp_write_progress_poll_succ...

Unsucessful CH3 SMP write progress engine polling count

MPI_T PVAR[17]:

rdma_ud_retransmissions

CH3 RDMA UD retransmission count

MPI_T PVAR[18]:

mv2_coll_bcast_binomial

Number of times MV2 binomial bcast algorithm was invoked

MPI_T PVAR[19]:

mv2_coll_bcast_scatter_doubling_all...

Number of times MV2 scatter+double allgather bcast algorithm was invoked

MPI_T PYAR[1]: mem_allocated

Maximum level of memory ever allocated within the MPI library

MPI_T PVAR[20]:

mv2_coll_bcast_scatter_ring_allgather

Number of times MV2 scatter+ring allgather bcast algorithm was invoked

MPI_T PVAR[21]:

mv2_coll_bcast_scatter_ring_allgath...

Number of times MV2 scatter+ring allgather shm bcast algorithm was invoked

MPI_T PVAR[22]:

mv2_coll_bcast_shmem

Number of times MV2 shmem bcast algorithm was invoked

MPI_T PVAR[23]:

mv2_coll_bcast_knomial_internode

Number of times MV2 knomial internode bcast algorithm was invoked

MPI_T PVAR[24]:

mv2_coll_bcast_knomial_intranode

Number of times MV2 knomial intranode bcast algorithm was invoked

MPI_T PVAR[25]:

mv2_coll_bcast_mcast_internode

Number of times MV2 mcast internode bcast algorithm was invoked

MPI_T PVAR[26]:

mv2_coll_bcast_pipelined

Number of times MV2 pipelined beast algorithm was invoked

MPI_T PVAR[27]:

mv2_coll_alltoall_inplace

Number of times MV2 in-place alltoall algorithm was invoked

MPI_T PVAR[28]:

mv2_coll_alltoall_bruck

Number of times MV2 brucks alltoall algorithm was invoked

MPI_T PVAR[29]:

mv2_coll_alltoall_rd

Number of times MV2 recursive-doubling alltoall algorithm was invoked

MPI_T PVAR[2]: num_malloc_calls

Number of MPIT_malloc calls

MPI_T PVAR[30]:

mv2_coll_alltoall_sd

Number of times MV2 scatter-destination alltoall algorithm was invoked

MPI_T PVAR[31]:

mv2_coll_alltoall_pw

Number of times MV2 pairwise allteall algorithm was invoked

MPI_T PVAR[32]:

mpit_alltoallv_mv2_pw

Number of times MV2 pairwise alltoallv algorithm was invoked

MPI_T PVAR[33]:

mv2_coll_allreduce_shm_rd

Number of times MV2 shm rd allreduce algorithm was invoked

MPI_T PVAR[34]:

mv2_coll_allreduce_shm_rs

Number of times MV2 shm rs allreduce algorithm was invoked

MPI_T PVAR[35]:

mv2_coll_allreduce_shm_intra

Number of times MV2 shm intra allreduce algorithm was invoked

MPI_T PVAR[36]:

mv2_coll_allreduce_intra_p2p

Number of times MV2 intra p2p allreduce algorithm was invoked

MPI_T PVAR[37]:

mv2_coll_allreduce_2lvl

Number of times MV2 two-level allreduce algorithm was invoked

MPI_T PVAR[38]:

mv2_coll_allreduce_shmem

Number of times MV2 shmem allreduce algorithm was invoked

MPI_T PVAR[39]:

mv2_coll_allreduce_mcast

Number of times MV2 multicast-based allreduce algorithm was invoked

MPI_T PVAR[3]: num_calloc_calls

Number of MPIT_calloc calls

MPI_T PVAR[40]:

mv2_reg_cache_hits

Number of registration cache hits

MPI_T PVAR[41]:

mv2_reg_cache_misses

Number of registration cache misses

MPI_T PVAR[42]:

mv2_vbuf_allocated

Number of VBUFs allocated

MPI_T PVAR[43]:

mv2_vbuf_allocated_array

Number of VBUFs allocated

MPI_T PVAR[44]:

mv2_vbuf freed

Number of VBUFs freed

MPI_T PVAR[45]:

mv2_ud_vbuf_allocated

Number of UD VBUFs allocated

MPI_T PVAR[46]:

mv2_ud_vbuf_freed

Number of UD VBUFs freed

MPI_T PVAR[47]:

mv2_vbuf free_attempts

Number of time we attempted to free VBUFs

MPI_T PVAR[48]:

mv2_vbuf free_attempt_success_time

Average time for number of times we sucessfully freed VBUFs

MPI_T PVAR[49]:

mv2_vbuf free_attempt_success time

Average time for humber of times we sucessfully freed VBUFs

MPI_T PVAR[4]: num_memalign_calls

Number of MPIT_memalign calls

MPI_T PVAR[50]:

mv2_vbuf allocate_time

Average time for nhumber of times we allocated VBUFs

MPI_T PVAR[51]:

mv2_vbuf allocate_time

Average time for number of times we allocated VBUFs

a




CVARSs EX

nosed

ece
File Options Help

5y MVAPICH2

X| TAU: ParaProf Manager

@ Applications
¢ 3 Standard Applications
+ 1 Default App
+ 1 Default Exp
+ @ lulesh.ppk
@ TIME
o3 Default {jdbc:h2:fhom

TrialField

Value

Local Time

2016-08-16T10:11:04-07:00

MPI Processor Name

cerberus. nic.uoregon.edu

MPIR_CVAR_ABORT_ON_LEAKED_HANDLES

If true, MPI will call MPI_Abort at MPI_Finalize if any MPI object handles have been leaked. For example,...

MPIR_CVAR_ALLGATHERV_PIPELINE_MSG_SIZE

The smallest message size that will be used for the pipelined, large-message, ring algorithm in the MPI_...

MPIR_CVAR_ALLGATHER_LONG_MSG_SIZE

For MPI_allgather and MPI_Allgatherv, the long message algorithm will be used if the send buffer size is ...

MPIR_CVAR_ALLGATHER_SHORT_M5G_SIZE

For MPI_allgather and MPI_Allgatherv, the short message algorithm will be used if the send buffer size is...

MPIR_CVAR_ALLREDUCE SHORT M5G_SIZE

the short message algorithm will be used if the send buffer size is <= this value (in bytes)

MPIR_CVAR_ALLTOALL_MEDIUM_MSG_SIZE

the medium message algorithm will be used if the per-destination message size {sendcount*size{sendtyp...

MPIR_CVAR_ALLTOALL_SHORT_MSG_SIZE

the short message algorithm will be used if the per-destination message size {sendcount*size{sendtypel) ...

MPIR_CVAR_ALLTOALL_THROTTLE

max no. of irecvs{isends posted at a time in some alltoall algorithms. Setting it to 0 causes all irecvsfisen...

MPIR_CVAR_ASYNC_PROGRESS

If set to true, MPICH will initiate an additional thread to make asynchronous progress on all communicati...

MPIR_CVAR_BCAST_LONG_M5G_SIZE

Let's define short messages as messages with size < MPIR_CVAR_BCAST_SHORT_MSG_SIZE, and mediu...

MPIR_CVAR_BCAST_MIN_PROCS

Let's define short messages as messages with size < MPIR_CVAR_BCAST_SHORT_MSG_SIZE, and mediu...

MPIR_CVAR_BCAST SHORT_MS5G_SIZE

Let's define short messages as messages with size < MPIR_CVAR_BCAST_SHORT_MSG_SIZE, and mediu...

MPIR_CVAR_CH3_EAGER_MAX_MSG_SIZE

This cvar controls the message size at which CH3 switches from eager to rendezvous mode.

MPIR_CVAR_CH3_ENABLE_HCOLL

If true, enable HCOLL collectives.

MPIR_CVAR_CH3_INTERFACE_HOSTNAME

If non-NULL, this cvar specifies the IP address that other processes should use when connecting to this pr...

MPIR_CVAR_CH3_NOLOCAL

If true, force all processes to operate as though all processes are located on another node. For example,...

MPIR_CVAR_CH3_ODD_EVEN_CLIQUES

If true, odd procs on a node are seen as local to each other, and even procs on a node are seen as local t...

MPIR_CVAR_CH3_PORT_RANGE

The MPIR_CVAR_CH3_PORT_RANGE envirohment variable allows you to specify the range of TCP ports ...

MPIR_CVAR_CH3_RMA_ACC_IMMED

Use the immediate accumulate optimization

MPIR_CVAR_CH3_RMA_GC_NUM_COMPLETED

Threshold for the number of completed requests the runtime finds before it stops trying to find more co...

MPIR_CVAR_CH3_RMA_GC_NUM_TESTED

Threshold for the number of RMA requests the runtime tests before it stops trying to check more reques...

MPIR_CVAR_CH3_RMA_LOCK_IMMED

Issue a request for the passive target RMA lock immediately. Default behavior is to defer the lock reque. ..

MPIR_CVAR_CH3_RMA_MERGE_LOCK_OP_UNLOCK

Enable/disable an optimization that merges lock, op, and unlock messages, for single-operation passive ta...

MPIR_CVAR_CH3_RMA_NREQUEST_NEW_THRESHOLD

Threshold for the number of new requests since the last attempt to complete pending requests. Higher ...

MPIR_CVAR_CH3_RMA_NREQUEST THRESHOLD

Threshold at which the RMA implementation attempts to complete requests while completing RMA oper...

MPIR_CVAR_CHOP_ERROR_STACK

If =0, truncate error stack output lines this many characters wide. If 0, do not truncate, and if <O use a ...

MPIR_CVAR_COLL_ALIAS_CHECK

Enable checking of aliasing in collective operations

MPIR_CVAR_COMM_SPLIT_USE_QSORT

Use gsort(3) in the implementation of MPI_Comm_split instead of bubble sort.

MPIR_CVAR_CTXID_EAGER SIZE

The MPIR_CVAR_CTXID_EAGER_SIZE environment variable allows you to specify how many words in th...

MPIR_CVAR_DEBUG_HOLD

If true, causes processes to wait in MPI_Init and MPI_Initthread for a debugger to be attached. Once the ...

MPIR_CVAR_DEFAULT_THREAD_LEVEL

Sets the default thread level to use when using MPI_INIT.

MPIR_CVAR_DUMP_PROVIDERS

If true, dump provider information at init

MPIR_CVAR_ENABLE COLL_FT_RET

DEPRECATED! Will be removed in MPICH-3.2 Collectives called on a communicator with a failed process...

MPIR_CVAR_ENABLE_SMP_ALLREDUCE

Enable SMP aware allreduce.

MPIR_CVAR_ENABLE_SMP_BARRIER

Enable SMP aware barrier.

MPIR_CVAR_ENABLE_SMP_BCAST

Enable SMP aware broadcast {See also: MPIR_CVAR_MAX_SMP_BCAST_MSG_SIZE)

MPIR_CVAR_ENABLE_SMP_COLLECTIVES

Enable SMP aware collective communication.

MPIR_CVAR_ENABLE SMP_REDUCE

Enable SMP aware reduce.

MPIR_CVAR_ERRQOR_CHECKING

If true, perform checks for errors, typically to verify valid inputs to MPI routines. Only effective when M...

MPIR_CVAR_GATHERV_INTER_SSEND_MIN_PROCS

Use Ssend (synchronous send) for intercommunicator MPI_Gatherv if the "group B" size is > = this value....

MPIR_CVAR_GATHER_INTER_SHORT_MS5G_SIZE

use the short message algorithm for intercommunicator MPI_Gather if the send buffer size is < this value...

MPIR_CVAR_GATHER_VSMALL_MSG_SIZE

use a temporary buffer for intracommunicator MPI_Gather if the send buffer size is < this value (in bytes...

MPIR_CVAR_IBA_EAGER_THRESHOLD

0 {old} -> 204800 {new), This set the switch point between sager and rendezvous protocol

MPIR_CVAR_MAX_INLINE_SIZE

This set the maximum inline size for data transfer

MPIR_CVAR_MAX_SMP_ALLREDUCE_M5G_SIZE

Maximum message size for which SMP-aware allreduce is used. A value of '0' uses SMP-aware allreduce ...|




Using MVAPICH2 and TAU with Multiple CVARs

A To set CVARs or read PVARs using TAU for an uninstrumented binary:
% export TAU_TRACK_MPI_ T _PVARS=1
% export TAU_MPI_ T_CVAR_METRICS=

MPIR_CVAR VBUF _POOL REDUCED VALUE[1],
MPIR_CVAR IBA EAGER THRESHOLD
% export TAU_MPI_T_CVAR_VALUES=32,64000

% export PATH=/path/to/tau/x86 64/bin:$PATH
% mpirun -np 1024 tau_exec -T mvapich,mpit ./a.out
% paraprof




MPI Collective Sync in TAU: Time wasted in barrier

L ] [ ] TAU: ParaProf: node 2517, thread 0 - e3sm_512n.ppk

Metric: TAUGPU_TIME
Value: Exclusive
Units: seconds

428.246 MPI Collective Sync
365.011 MPI Collective Sync <= MPI_Bcast()

146.869 [ | MPI_Bcast()

138.194 [ MP!_Waitall()
119.426 [E=] MPI_Bcast() <= a_i:EAMxx::create_grids
104.823 [l Kokkos::parallel_reduce Kokkos::Impl::CombinedFunctorReducer<(lambda at /home/bsingh/e3sm/1src_tau_nick_chngs/nick_version/E3SM-nchaimov-tau/components/
104.823 [ Kokkos::parallel_reduce Kokkos::Impl::CombinedFunctorReducer<(lambda at /home/bsingh/e3sm/1src_tau_nick_chngs/nick_version/E3SM-nchaimov-tau/components/
94.778 [ ] Kokkos::parallel_for call_function_dropmixnuc [type = SYCL, device = 0]
94.778 2] Kokkos::parallel_for call_function_dropmixnuc [type = SYCL, device = 0] <= a:EAMxx::mam4_aci::run
78.668 [ MPLInit()
78.668 L] MPL_Init() <= int taupreload_main(int, char **, char **)
76.219 [ Kokkos::parallel_reduce caar loop pre-boundary exchange [type = SYCL, device = 0]
76.219 [ Kokkos::parallel_reduce caar loop pre-boundary exchange [type = SYCL, device = 0] <= a:caar compute
75.136 [l Kokkos::parallel_reduce Kokkos::Impl::CombinedFunctorReducer<(lambda at /home/bsingh/e3sm/1src_tau_nick_chngs/nick_version/E3SM-nchaimov-tau/components/
65.526 [ MPI_Startall()
61.811 [0 MPI_Allreduce()
60.472 [__] MPI Collective Sync <= MPI_Allreduce()
55.412 [_] MPI_Allreduce() <= a_i:EAMxx::create_grids
51.688 [Eaa] Kokkos::parallel_for caar loop dp3d limiter [type = SYCL, device = 0]
51.688 [ | Kokkos::parallel_for caar loop dp3d limiter [type = SYCL, device = 0] <= a:caar limiter
39.44 @ MPI_Startall) <= a:caar_bexchV
31.037 2 MPI_Waitall) <= a:caar_bexchV
27.834 [@ MPI_Waitall() <= a:hvf-bexch
27.264 [[] Kokkos::parallel_reduce Kokkos::Impl::CombinedFunctorReducer<(lambda at /home/bsingh/e3sm/1src_tau_nick_chngs/nick_version/E3SM-nchaimov-tau/components
24.909 [] MPI_Wait()
24.741 @ Kokkos::parallel_for (lambda at /home/bsingh/e3sm/1src_tau_nick_chngs/nick_version/E3SM-nchaimov-tau/components/homme/src/share/cxx/mpi/BoundaryExchan
23.888 B MPI_Waitall() <= a_i:PIO:pio_swapm
229 H

Kokkos::parallel_for (lambda at /home/bsingh/e3sm/1src_tau_nick_chngs/nick_version/E3SM-nchaimov-tau/components/homme/src/share/cxx/mpi/BoundaryExchan
22.89 [] MPI_waitall() <= a:compose_hypervis_scalar

20.291 [J MPI_Startall) <= a:hvf-bexch

17.148 [ Kokkos::parallel_for vertical remap [type = SYCL, device = 0]

16.118 [] Kokkos::parallel_for (lambda at /home/bsingh/e3sm/1src_tau_nick_chngs/nick_version/E3SM-nchaimov-tau/components/homme/src/share/cxx/mpi/BoundaryExchan
15.169 B Kokkos::parallel_for (lambda at /home/bsingh/e3sm/1src_tau_nick_chngs/nick_version/E3SM-nchaimov-tau/components/homme/src/share/cxx/mpi/BoundaryExchan
15.103 § Kokkos::parallel_for (lambda at /home/bsingh/e3sm/1src_tau_nick_chngs/nick_version/E3SM-nchaimov-tau/components/homme/src/share/cxx/mpi/BoundaryExchan
14.262 W Kokkos::parallel_for MAMWetscav [type = SYCL, device = 0]

14.262 [ Kokkos::parallel_for MAMWetscav [type = SYCL, device = 0] <= a:EAMxx::mam4_wetscav::run

13.817 § Kokkos::parallel_for (lambda at /home/bsingh/e3sm/1src_tau_nick_chngs/nick_version/E3SM-nchaimov-tau/components/homme/src/theta-1_kokkos/cxx/DirkFuncto
13.817 @ Kokkos::parallel_for (lambda at /home/bsingh/e3sm/1src_tau_nick_chngs/nick_version/E3SM-nchaimov-tau/components/homme/src/theta-|_kokkos/cxx/DirkFuncto
13.386 [ Kokkos::parallel_reduce Kokkos::Impl::CombinedFunctorReducer<(lambda at /home/bsingh/e3sm/1src_tau_nick_chngs/nick_version/E3SM-nchaimov-tau/components/
12.631 [] Kokkos::parallel_for vertical remap [type = SYCL, device = 0] <= a:Remap Compute Remap Functor




MPI Collective Sync in TAU: Time wasted in an implicit barrier

eoe
A 4

TAU: ParaProf: Call Path Data n,c,t, 2517,0,0 - e3sm_512n.ppk

Metric Name: TAUGPU_TIME

Sorted By: Exclusive
Units: seconds

Exclusive Inclusive Calls/Tot.Calls Name [id]

365.011 365.011 1292216/1610353 MPI_Bcast()

3.0E-4 3.0E-4 1/1610353 MPI_Scan()

60.472 60.472 317955/1610353 MPI_Allreduce()
1.073 1.073 71/1610353 MPI_Reduce()
0.565 0.565 5/1610353 MPI_Allgather()
0.333 0.333 25/1610353 MPI_Comm_dup()
0.573 0.573 51/1610353 MPI_Gather()
0.173 0.173 20/1610353 MPI_Scatterv()
0.046 0.046 9/1610353 MPI_Allgatherv()

-—> 428.246 428.246 1610353 MPI Collective Sync

0.046 0.974 519/1292216 1_i:PIO0:pio_ing_varid_file_vid
0.01 0.028 122/1292216 1_i:PIO0:get_var_0d_double
0.839 1.705 9864/1292216 PI0O:PIOc_write_darray
0.203 0.22 6/1292216 1_i:comp_init

4.4E-4 0.035 5/1292216 PIO:put_varl_double
0.053 0.148 630/1292216 1_i:PIO0:pio_ing_vardimid_file_vid
0.006 0.036 67/1292216 CPL:seq_timemgr_clockInit
2.865 6.205 25889/1292216 a_i:EAMxx::initialize_fields

1.1E-4 0.036 1/1292216 CPL:seq_hist_write
0.013 0.08 154/1292216 1_i:PI0:get_var_1d_int
0.007 0.031 86/1292216 CPL:comp_init_cc_atm2

7.6E-4 0.001 9/1292216 i:PI0:pio_ing_varndims_file_vid
0.003 0.007 38/1292216 CPL:comp_init_cc_esp

3.4E-4 7.3E-4 3/1292216 i:cice_pice_readlLBUB_UB_readpio
1.82 4.426 108/1292216 i_i:cice_mct_init
0.156 6.196 1438/1292216 CPL:02c_infoexch




HeFFTe:

Comparing

c ol

ect

Il ve sync ti me wi

ParaProf: Comparison Window

t h

Metric: TAUGPU_TIME
Value: Exclusive
Units: seconds

] sweep_c2c_nocompression_dyn_32/perf_1024x1024x1024_n_32_cufft_double_a2a_no_reorder_pencils_gpu_aware_zfp_16/pencils_zfp_16.ppk - node 0, thread 0
1] sweep_c2c_compression_dyn_32/perf_1024x1024x1024_n_32_cufft_double_a2a_no_reorder_pencils_gpu_aware_zfp_16/pencils_zfp_16.ppk - node 0, thread 0

Iy
R e

055 b

0.55 (100.03%) e — benchmark_fft<heffte::backend::cufft
0.391

e | ;
0.213 (54.528%) () -0
0.272 ]

0.271 (99.741%) — make_data<std::complex<double>

0.261 ]
0.08 (30.725%) [l

0.125 1]
0.041 (32.721%) =

0.122 1] -
0.123 (100.232%) [ - nalize0

9.2E-5 |
0.11 (120077.174%) [

0.084 1
0.084 (100.199%) [l

0.011 ||
0.01 (99.933%) [

0.002 |
0.008 (481.311%) |

0.007 |
0.004 (61.887%) |

2.9E-5 |
0.004 (14700%) |

0.004 |
0.004 (100.69%) | CudaMemcpyAsync

0.003 |
0.003 (102.056%) |

0.002 I cudaFree
0.002 (100.609%) |

MPI Collective Sync

cudaMalloc

cudaStreamCreateWithFlags

cudaStreamSynchronize

main

MPI_Barrier()

.TAU application

cudaStreamDestroy

cudalaunchKernel

TAUO s




MPI Collective Sync in TAU: Time wasted in an implicit barrier

@ @ TAU: ParaProf: Function Data Window: nqmcc.ppk

Name: MPI Collective Sync
Metric Name: TIME

Value: Exclusive

Units: seconds

123,424 R 12X
———— peoppeeR
12324 | ) n0dte 3 thread 0

4230 ] . node 5, thread 0
422,08 | | aaaaaaaaaa n0de 7, thread 0
4243 e aaaaaaaaeea node 11, thread 0

412.743 [ ————— Od e 1, thread O
225, 584 |y mean
195.657 — std. dev.
33.654 [ node 10, thread 0
33.602 W node 4, thread 0
33.509 W node 6, thread 0
33.483 [ node 2, thread 0
33.415 [ node 8, thread O
12.486 [ min
12.486 [ node 0, thread 0




AWP-ODC: Callsite location of MPI Collective Sync

Name: dstrqc_iwan(float*, float*, float*, float*, float*, float*, float*, float*, float*,
float*, float*, float*, float*, float*, float*, float*, float*, float*, float*, float*, float*,
float*, float*, float*, float*, float*, float*, float*, float*, int*, float*®, int, int, int, int, int,
int, int, int, int, int, int)

Metric Name: TAUGPU_TIME

Value: Exclusive

Units: seconds

max
min

3.082 W std. dev.

mean

node 0, thread 2
node 1, thread 2
node 2, thread 2
node 3, thread 2
node 4, thread 2
node 5, thread 2
node 6, thread 2
node 7, thread 2
node 8, thread 2

108.061
98.205

102.772
106.029
102.157
98.821
108.061
105.471
101.438
102.983
98.205
101.784

Name: [CALLSITE] MPI Collective Sync [@] [inimesh]
[{/homel/00494/tg457572/scr/packages /AWP/AWP-ODC-YFSWP-lwan/mesh.c} {588}]
Metric Name: TAUGPU_TIME

Value: Exclusive

Units: seconds

1.233 | max

min

std. dev.

mean

node 0, thread 0
node 1, thread O
node 2, thread 0
node 3, thread O
node 4, thread 0
node 5, thread 0
node 6, thread O
node 7, thread O
node 8, thread 0

0.007

0.477 |

0.716 |

1.002 |
1.162 |
1.233 |

0.92 |
1.001 |
0.962 |

0.093
0.063
0.007

export TAU_CALLSITE=1; aprun i n 64 tau_exec ./a.out




AWP-ODC: Tracing with TAU and Perfetto.dev




