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TAU: Quickstart Guide

Profiling:

MPI: % srun -nl1l6 tau exec -ebs ./ a.out

A Pthread : % srun -n 16 tau exec 1T mpi,pthread i ebs ./ a.out
A CUDA: % srun in16 tau exec 1T cupti Tcupti . a.out

A ROCM: % srun in16 tau exec Trocm ./ a.out

Analysis: % pprof Ta im|more; % paraprof  (GUI)

Tracing:
A Vampir : MPI: % export TAU_TRACE=1; export TAU_TRACE_FORMAT=0tf2
% srun -n 16 tau exec ./ a.out ; vampir traces.otf2 &

A Chrome/ Jumpshot : % export TAU_TRACE=1; srun -n 64 tau exec ./ a.out

% tau_treemerge.pl ;
A Perfetto.dev : % tau_trace2json tau.trc tau.edf T chrome T7ignoreatomic I 0 app.json

Perfetto.dev or Chrome browser: chrome://tracing (Load -> app.json )
A Jumpshot : tau2slog2 tau.trc tau.edf T o app.slogz; jumpshot app.slog?2




TAU Performance System®

A

To

o o To Iw

0 Paratools

. . _ . UNIVERSITY
Versatile profiling and tracing toolkit that SUPPOItS: ;i aasslities ~ OF OREGON

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

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

Supports PAPI, Likwid for hardware performance counter information

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

Supports Grace-Grace and Grace-Hopper (SVE aarch64) systems
A single tool (tau_exec) is used to launch un-instrumented, un-modified binaries
T A U pasaprof, pprof, perfexplorer for profile analysis; Vampir, Jumpshot, Perfetto.dev for traces

http://tau.uoregon.edu
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®
TAU Performance System
http://tau.uoregon.edu

A Tuning and Analysis Utilities (30+ year project)

A Comprehensive performance profiling and tracing
Integrated, scalable, flexible, portable
Targets all parallel programming/execution paradigms

A Integrated performance toolkit
Instrumentation, measurement, analysis, visualization
Widely-ported performance profiling / tracing system
Performance data management and data mining
Open source (BSD-style license)

A Integrates with application frameworks




Performance Optimization Cycle

A Expose factors

A Collect performance data
A Calculate metrics

A Analyze results

A Visualize results

A Identify problems

A Tune performance

Instrumentation

1

Measurement

Analysis

l

Presentation

=

Optimization




Direct Performance Observation

A Execution actions exposed as events

d In general, actions reflect some execution state

Apresence at a code location or change in data
Aoccurrence in parallelism context (thread of execution)

0 Events encode actions for observation

A Observation is direct
d Direct instrumentation of program code (probes)
d Instrumentation invokes performance measurement
d Event measurement = performance data + context

A Performance experiment
d Actual events + performance measurements




Usi ng TAUOsSs Runti me taBrexe¢t oadi ng

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

0 MPI

0 OpenMP

o0 POSIX /O

0 Memory allocation/ deallocation routines

O Wrapper library for an external package

A No modification to the binary executable!

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




Profiling and Tracing

Profiling Tracing

ece TAU: ParaProf: node 0 - fundd_d19 ppk e TimeLine : Helmsolve_Trace.slog2 <ldentity Map>
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A Profiling shows you how much A Tracing shows you when the events take
(total) time was spent in each routine place on a timeline

A Profiling and tracing
Profiling shows you how much (total) time was spent in each routine
Tracing shows you when the events take place on a timeline




Inclusive vs. Exclusive values

vy Inclusive
y Information of all sub-elements aggregated into single value

vy Exclusive
vy Information cannot be subdivided further

- !{nt foo()
Int a,;
’{ a=1+1;
Inclusive < Exclusive | < bar();

L a=a+1;
return a;




How much data do you want?

Limited Loop Callpath
Profile Profile Profile

O(KB)

Flat Callsite
Profile Profile

Trace

O(TB)

10




Performance Data Measurement

Direct via Probes

Call

START dotential 0)
// code

Call

STOH (otential 0)

A Exact
measurement

Fine-grain control

Calls inserted
Into code

To I

Indirect via Sampling

o To o

No code modification
Minimal effort

Relies on debug
symbols (-0)
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Sampling

t, t, t, t, i ts t, tg ty
v v v v v v v v v
= W Ir 0|l s .
- foo(0) foo(1) foo(2) i{nt main() :

Running program is periodically interrupted to take

measurement

Timer interrupt, OS signal, or HWC overflow

Service routine examines return-address stack
Addresses are mapped to routines using symbol

table information

Statistical inference of program behavior

Not very detailed information on highly volatile

metrics

Requires long-running applications
Works with unmodified executables

int i;
for( 1=0; I <3; |++)
foo( 1);
return O;
}
void foo(int 1)
if I >0
| (fool( |> '|') 1);
}

12




Instrumentation

7t8

t t t,t t
N f.f Vi

foo(0) foo(1) foo(2) Measurement int main()
il | [semmaen |

—4
o1

—4
e

— 4—©f_|'

int 1 ;
Measurement code is inserted such that every event of TAU_START(main );
interest is captured directly forfgo ! i_g)-' boss vy
Can be done in various ways TAU_gTO’P( main );
Advantage: } return O;
Much more detailed information
Disadvantage: void foo(int i)
Processing of source-code / executable ¢ TAU_START(foo );
>
necessary if (fOOI( i O_I_) D

Large relative overheads for small functions TAU_STOP(foo ):

13




TAU Execution Command (tau_exec)

Uninstrumented execution
% srun -n 256 ./a.out

Track GPU operations
% srun -n 256 tau exec i rocm ./a.out (-rocm_pc for PC sampling on GPU)
% srun -n 256 tau exec i cupti ./a.out
% srun -n 256 tau exec i cupti -um ./a.out (for Unified Memory) (-cupti_pc for PC sampling on GPU)
% mpiruninp 256 tau exec110  ./a.out

% mpirun T np 256 tau_exec T opencl ./a.out
% mpirun i np 256 tau_exec T openacc ./a.out
Track MPI performance
% srun -n 256 tau exec ./a.out
Track 1/0, and MPI performance (MPI enabled by default)
% srun -n 256 tau_ exec -io ./a.out
Track OpenMP and MPI execution (using OMPT for Intel v19+ or Clang 8+)
% export TAU_OMPT_SUPPORT_LEVEL=full;
% mpirun i np 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 I memory debug ./a.out (bounds check)
Use event based sampling (compile with T g)
% mpirun T np 256 tau_exec T ebs ./a.out
Al so export TAU_ METRI CS =ebd mddolutibrix£file | flndtiond) i dsé
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Lumi@CSC

On lumi.csc.fi

% module use /project/project 465002387/ paratools /modules
% module load tau
% module load LUMI partition/G rocm/6.2

# View configurations of TAU that are installed
% Is $TAU/ Makefile *

/project/project_465002387 paratooldtau-2.34.1/craycnllib/ Makefile.tau-cray-papi-pthread

Iproject/project_465002387 paratoolstau-2.34.1/craycnllib/ Makefile .tau-phiprof-cray-papi-mpi-pthread

Iproject/project_465002387 paratoolstau-2.34.1/craycnllib/Makefile .tau -rocm-rocprofiler-phiprof-rocmvé-cray-papi-mpi-pthread

Iproject/project_465002387 paratoolstau-2.34.1/craycnllib/Makefile .tau -rocm-rocprofiler-phiprof-rocmvé-cray-papi-pthread

Iproject/project_465002387 paratoolstau-2.34.1/craycnllib/Makefile .tau -rocm-rocprofiler-phiprof-rocmvé-cray-rocm603papi-mpi-pthread
Iproject/project_465002387 paratoolstau-2.34.1/craycnllib/Makefile.tau -rocm-rocprofiler-phiprof-rocmvé-cray-rocm603papi-pthread
Iproject/project_465002387 paratoolstau-2.34.1/craycnllib/Makefile .tau -rocm-rocprofiler-phiprof-rocmvé-cray-rocm603papi-ompt-mpi-pthread-openmp

% srun Tn4 tau exec 1T rocm irocm 1ebs ./foo [For ROCin

To use with /opt/rocm -6.0.3

% srun in4 tau exec 1Trocm603,rocm iTrocm 1ebs ./foo [For ROCin

15




Tags in tau_exec and other tools

% cd $TAU; Is Makefile .*

Makefile.tau - cray - papi - mpi- pdt

% srun - n 4 ./matrix

% tau_exec 1T cray,mpi,pdt J a.out

Chooses Makefile.tau - cray - papi - mpi,pdt
libraries.

% tau_exec 1T serial,pdt [/ a.out
Chooses Makefile.tau - pdt or the shortest
without T mpi.

- T < list_of_tags > is used in several TAU tools:

A tau_run

A tau_python

A tau_rewrite

A tau_exec

A tau_gen_wrapper

and associated

Makefile

name

16




TAU Configurations available on Frontier

% |s/project/project_465002387paratoolgtau-2.34.1craycnllib/ Makefile*
/project/project_465002387paratooldtau-2.34.1/craycnilib/ Makefile.taucray-paprpthread
/project/project_465002387paratooldtau-2.34. 1icraycnilib/ Makefile.tauphiprof-cray-paprmpi-pthread
/project/project_465002387paratooldtau-2.34.1/craycnilib/Makefile tau-rocmrocprofiler-phiprof-rocmveé-cray-papr-mpi-pthread
/project/project_465002387paratooldtau-2.34. 1/craycnllib/Makefile tau-rocmrocprofiler-phiprof-rocmvé-cray-papipthread
/project/project_465002387paratooldtau-2.34. 1icraycnilib/Makefile tau-rocmrocprofiler-phiprof-rocmvé-cray-rocm603pap-mpi-pthread

/project/project_465002387paratooldtau-2.34. 1icraycnilib/Makefile tau-rocmrocprofiler-phiprof-rocmvé-cray-rocm603papipthread
/project/project_465002387paratoolgtau-2.34.1/craycnllib/Makefile.tau-rocmrocprofil er-phiprof-rocmvéecray-rocm603paprompt-mpi-pthread-openmp

For anuninstrumentedbinary:

%sallocch m X

%srunc¢n 16¢T cray,mpi,papi,pdt/a.out

Picks the configuration represented by
Iproject/project_465002387paratooldtau-2.34.1craycnllib/ Makefile.taucray-papipthread
To use OpenMP instrumentation:

% export TAU_OMPT_SUPPORT_LEVEL=full

% export OMP_NUM_THREADS=<N>

%srun¢n 16tau_execcT ompt,mpicompt ¢ebs./a.out

% pprof ¢a | more
%paraprof #DOES NOT WORK FROM A COMPUTE NODE, ugkésscestpute>

% paraprof--packfoo.ppk
# Copy it to your local machine and launchp&taproffoo.ppk

L/




TAU Hands -On




TAU EXxercise #1:

Event Based Sampling (EBS)




Using ParaTools Pro for E4S™ image on AWS with Heidi AI/ODDC

Login to: | |
https://paratools.adaptivecomputing.com

with the credentials. Firefox private window

recommended.
Click on Student tab and use code: 70034

20



https://paratools.adaptivecomputing.com/

Connect to https://paratools.adaptivecomputing.com
A Use Student tab and enter name, email, session code 70034

& Heidi Cloud On-Demand Data C X + ©a Private browsing

(] 08 tools.adaptivecomputing.com/c 120% ¥ @ & =

¢ 0

INSTRUCTOR STUDENT

G U]

// / LOGIN TO WORKSHOP SESSION

Full Name *

Sameer Shende

Email *

sameer@uoregon.edu

Workshop Session Code *
{700344
of all ages, from elementary school to university, Heidi Al provides a unique

opportunity to explore and harness the power of supercomputing.
LOGIN TO WORKSHOP SESSION

Learn. Create. Innovate. Whether you're solving complex problems, running

Heidi Al is your gateway to the world of advanced computing! Designed for students

simulations, training Al models or exploring data science, Heidi Al empowers you to

turn your ideas into reality.

Version 8.61.1




Connect to https://paratools.adaptivecomputing.com

A Click cluster

) @  Heidi Cloud On-Demand Data C X + ©3 Private browsing
C @ v adaptivecomputing.com @ g =

Session 22271

uosameer@gmailcom

Workshop Dashboard

Welcome to E4S-TAU-Demo

Save this session code for future access: | 22211

ParaTools Pro for E4S ‘
\ development environment for HPC anc :

— e T —

Access your shop resources, practice labs, and course materials all in one place. Get started by exploring the sections below.

& Computing Cluster: it Applications Course Materials
== e4s-25-06-aws-1
’ Quick Actions
[J  Access Terminal & Deploy App B Study Materials © GetHep
Copyright © 2025. Adaptive Computing Enterprises, Inc., All rights reserved.
o yrigl P! 9 9
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Connect to https://paratools.adaptivecomputing.com

A Click Remote Desktop

& Heidi Cloud On-Demand Data C X + ~ ©3 Private browsing
[C) adaptivecomputing.com g & =
Session 22271
uosameer@gmail.com
Rack

- Cluster Actions ]
M e4s 05-06-aws-1 . 1+ ovalie
) Amoazon Web Se. .

7/26/25
21:19:37

Access Configuration

@ Connection Information <% Access Methods

Public IP Address Graphical Access (VNC)
44.253.102.18 [ [ REMOTE DESKTOP -
Username SSH Access
Password
tya7xtjf [

(@ Connection Instructions

SSH Connection

1. Download the SSH key

2. Open your terminal

3. Use the SSH key to connect with the following command:

chmod 600 training@-SSH-Key.pem && ssh -i training@-SSH-Key.pem training@@44.253.102.18 |_D

Note: This command sets the correct permissions on your key file and connects in a single step

VNC Connection

1. Click the "Remote Desktop" button above
2. A new browser tab or window will open

3. If prompted, accept any security warnings

Note: VNC provides a graphical desktop interface to your cluster

Copyright © 2025. Adaptive Computing Enterprises, Inc., All rights reserved.




Connect to https://paratools.adaptivecomputing.com

A You may have to enable pop-up windows and accept

@0 ® [[J]Private ¢ @ paratools.adaptivecomputing.com (O] [B + O

o . Reload this page
_%._ Heidi - Empowering — Session 77946
Minds uosameer@gmail.com

o=
88 Dashboard & Back

Cluster Actions
COMPUTE / IDE - eds-25-06-aws o45-25

Amazon Web Services

9, Heidi Lab

=
= Cluster Manager 7/8/25

15:26:43

Nodes Access Configuration
CONTENT LIBRARY

Applications

&) Connection Information ¢ Access Methods
€ Courses

Public IP Address Graphical Access (VNC)
54.70.253.146 ] [ OPEN VNC VIEWER -
Username SSH Key Authentication
trainingd [u] @2 DOWNLOAD SSH KEY
Password
VPN Access
7y19fquw )

(@ Connection Instructions

SSH Connection
1. Download the SSH key

Copyright © 2025. Adaptive Computing Enterprises, Inc., All rights reserved.




Connect to Students tab with code 70034 at
https://paratools.adaptivecomputing.com

A You should see this jellyfish. Click on Activities.

To copy text from
other windows
click on the

this button to
access the
clipboard

25




Connect to https://paratools.adaptivecomputing.com

A Click on Activities, nine dots, and then select the Terminal application

@@@® [ rrivate < @ paratools.adaptivecomputing.com @4 O ®© h + D

e4s-25-06-awsfitraining0) - noVNC

2 Heidi Cloud On-Demand Data Center
Activities Jul 8 22:27

Q Type to search

2 A
Calculator Terminal Utilities Cheese

=

2/ " 4 i ~

Additional... AisleRiot ... Byobu Ter... Hardware... Jupyter N...

—_—
~ S5 VX

L)
JupyterLab Language... LibreOffice LibreOffic... LibreOffic... Mahjongg

¢ B QB O




To increase font size right click and choose preferences

® @ 5 | &2 HPC Cloud On-Demand Data ¢ X [ TurboVNC: e4s-24-05-aws:1 (1 X | + v

C O E] https://vnc-paratools.adaptivecomputing.com/vnc/vnc.htmi?resize=remote&path=novnc/websockify?token=6626dd00a6069602bd75 w @@ &=
e} F P puting F Y

() Terminal Jun 13 01:57

Il Terminal

Copying examples into /home/tutoriali®/examples
Setting up local Spack instance in /home/tutorialie/spack
This may take a moment the first time...

Read-Only

Preferences
New Window
New Tab

Show Menubar




Choose font size after clicking
Custom Font for Terminal

eve 5 | 2 HeC Cloud On-Demand Data ¢ X @ TurboVNC: eds-24-05-aws:1 (1 X | +

C O E‘) https://vnc-paratools.adaptivecomputing.com/vnc/vnc.html?resize=remote&path=novnc/websockify?token=6626dd00a6069602bd75 Dd N2
Activities () Terminal Jun 13 01:58

Preferences - Profile “Unnamed”

Cancel Choose A Terminal Font Select

Text Appearance

DejaVu Sans Mono

FreeMono

u d @ v i i
nname Liberation Mono

Cursor

Mitra

Monospace
Nimbus Mono PS

Noto Color Emoji

Nntn Mnann

The quick brown fox jumps over the |

Size 9 hs +




Running your first MPI application on the allocated cluster

% cd ~/exampleshpi-procname

% .compile.sh

% ./runsinglenode.sh  # on the login node
% catmpiprocname.qsub
%qgsubmpiprocname.qsub

%qstatcu SUSER

% cat mpiprocname.o*

% cd ~/examples/osu-benchmarks

% cat bw.qsub

% qgsub bw.qsub

% cat bw.o* # How close did you get to 50
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CoMD: TAU with event -based
sampling (EBS)

€] @ =l &2 HPC Cloud On-Demand Data ¢ X [ TurboVNC: eds-24-05-aws:1 (1 X +

C O 8 https://vnc-paratools.adaptivecomputing.com/vnc/vnc.htmi?resize=remote&path=novnc/websockify?token=6626dd00a6069602bd75

Jun 13 02:33

tutorial 10@e4s-24-05-aws: ~/examples/CoMD/src-mpi

:$ cd examples/CoMD/src-mpi
- $ make ; cd ../bin

% cd examples€JoMD srcmpi
% make; cd ../bin

30




CoMD: TAU with event -based sampling (EBS)

o @ = &2 HPC Cloud On-Demand Data ¢ X B TurboVNC: e4s-24-05-aws:1 (1. X + %

© QO B https://vnc-paratools.adaptivecomputing.com/vnc/vnc.html?resize=remote&path=novnc/websockify?token=6626dd00a6069602bd75 w © L ©® 9
Activities ) Terminal Jun 13 02:33

1 tutorial 10@e4s-24-05-aws: ~/examples/CoMD/bin

$ cat tau.qsub
#!/bin/bash
#PBS -1 nodes=2:ppn=2,walltime=2:00
#PBS -1 naccesspolicy=singlejob
#PBS -N comd

cd $PBS 0 WORKDIR

mpiexec tau exec -ebs ./CoMD-mpi --xproc 4 --yproc 1 --zproc 1 --nx 80 --ny 40 --nz 40
: $ qsub tau.qsub
11540004 .e4s5-24-05-aws
$ qstat -u $USER

%qsubtau.qsub
%qstatcu SUSER

31




CoMD: T A phtaprof visualizer

o0 (5 | &2 HPC Cloud On-Demand Data ¢ X [ TurboVNC: e4s-24-05-aws:1 (t X |+ v
C O & https://vnc-paratools.adaptivecomputing.com/vnc/vnc.html?resize=remote&path=novnc/websockify?token=6626dd00a6069602bd75 bokd U] i/, ® i] =
Activities () Terminal Jun13 02:34

ol tutorial 10@e4s-24-05-aws: ~/examples/CoMD/bin

$ 1s

. profile.1.0. Y% paraprof&
CoMD-mpi.2024:06:13-02:33:42.yaml profile.2.0.

profile.0.0.0 profile.2.0.
comd.ell540004 profile.0.0.1 profile.3.0. select.tau
comd. 011540004 profile.1.0.0 profile.3.0. tau.qsub
2 $ paraprof &




CoMD: T A phtaprof visualizer

[ XN } (5 | &2 HPC Cloud On-Demand Data ¢ X [ TurboVNC: e4s-24-05-aws:1 (t X |+ v
C O & https://vnc-paratools.adaptivecomputing.com/vnc/vnc.html?resize=remote&path=novnc/websockify?token=6626dd00a6069602bd75 ks @ iﬁ ® i] =
Activities () Terminal Jun13 02:34 !

ol tutorial 10@e4s-24-05-aws: ~/examples/CoMD/bin

$ 1s

. profile.1.0. Y% paraprof&
CoMD-mpi.2024:06:13-02:33:42.yaml profile.2.0.

profile.0.0.0 profile.2.0.
comd.ell540004 profile.0.0.1 profile.3.0. select.tau
comd. 011540004 profile.1.0.0 profile.3.0. tau.qsub

$ paraprof & ; i
s # if you see black windows

on a Mac with a buggy
Xquartzwith
ssh-Y directly in a terminal
% paraprof

cfix-xquartz
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CoMD: T A phtaprof visualizer

o ® = &2 HPC Cloud On-Demand Data C- X a TurboVNC: eds-24-05-aws:1 (11 X e v

C O 3 https://vnc-paratools.adaptivecomputing.com/vnc/vnc.html?resize=remote&path=novnc/websockify?token=6626dd00a6069602bd75 Dk

@
«
®
(b
If

Activities Jun 13 02:35

$* +1 tutorial 10@e4s-24-05-aws: ~/examples/CoMD/bin

TAU: ParaProf Manager

" File Options Help TAU: ParaProf: /home/tutorial10/examples/CoMD/bin nght CIICk On NOde O, Thread O
Applications TrialField File Options Windows Help

+ st sppicatons o — and choose Show Thread
Statistics Table (third option)

¢ (=] Default Exp Experiment ID /alue: Exclusive
¢ @ bin/CoMD/examples/tutoriall 0/hon ‘|trial ID I

Bl F Std. Dev.

CPU MHz

:Genulng ng
000000 Min
0-1 node 0O, thread N

@ 2 = 1 22 Mean
: :

/homeftll node O, thrf Show Thread Bar Chart

% e Sz |36608 K| hnqe 1, thr Show Thread Statistics Text Windg

a e ./CoMD+ :
Ending Timestamp 171824l node 1, thrl Show Thread Statistics Table
Executat |/homefti Node 2, thr Show Thread Call Graph
it || node 2, thr| Show Thread Call Path Relations
? SR »TAUS;’B% node 3, thr| Show User Event Bar Chart
L ac-!
t = n 3, thr y / \
|2024-0€ ode 3, Show User Event Statistics Window
ac-5901 Show Context Event Window
1000000} Show Metadata for Thread
0 - Add Thread to Comparison Window
1130390]
ac-5901
[x86 64
\Linux
15.19.0-1029-aws
|#30~22.04.1-Ubuntu SMP Thu Jul ...
Starting Timestamp 1718246022396106 =




T A U ®a&araProf Profile Browser:
Thread Statistics Table

® ® = 2 HPC Cloud On-Demand Data ¢ X ’ TurboVNC: ed4s-24-05-aws:1 (11 X -

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

Activities n edu-uoregon-tau-paraprof-ParaProf Jun 13 02:35

TAU: ParaProf: Statistics for: node 0, thread 0 - /home/tutorial10/examples/CoMD/bin

File Options Windows Help

¢} {199 Show In Statistics Table

B [SAMPLE] ljForce [ {/home/tutorial10/examples/CoMD/src-mpi/liForce.
Show Function Histogram

B [SAMPLE] ljForce [ {/home/tutorial10/examples/CoMD/src-mpi/liForce.c} {189

; , e Show Function Bar Chart
B [SAMPLE] ljForce [ {/home/tutoriall0/examples/CoMD/src-mpi/liForce.c} {202 Assign Function Color
M [SAMPLE] liForce [{/home/tutorial1l0/examples/CoMD/src-mpi/ljForce.c} {193 paset to Default Color
W [SAMPLE] |jForce [ {/home/tutorial10/examples/CoMD/src-mpi/liForce.c} {2087F] 1.47

B [SAMPLE] ljfForce [ {/home/tutoriall10/examples/CoMD/src-mpi/liForce.c} {207}] 1.38
W [SAMPLE] ljForce [ {/home/tutoriall0/examples/CoMD/src-mpi/liForce.c} {224}] 0.66
M [SAMPLE] liForce [ {/home/tutoriall0/examples/CoMD/src-mpi/liForce.c} {206} ] 0.63
W [SAMPLE] ljForce [ {/home/tutoriall0/examples/CoMD/src-mpi/liForce.c} {223}] 0.39
M [SAMPLE] ljForce [ {/home/tutoriall0/examples/CoMD/src-mpi/liforce.c} {185}] 0.27
W [SAMPLE] ljForce [ {/home/tutorial10/examples/CoMD/src-mpi/liForce.c} {210}] 0.24
M [SAMPLE] liForce [{/home/tutoriall0/examples/CoMD/src-mpi/liForce.c} {220}] 0.18
M[SAMPLE] ljForce [ {/home/tutoriall10/examples/CoMD/src-mpi/liForce.c} {214}] 0.15
M [SAMPLE] liForce [{/home/tutorial10/examples/CoMD/src-mpi/liForce.c} {181}] 0.12
M [SAMPLE] liForce [ {/home/tutoriall0/examples/CoMD/src-mpi/liforce.c} {175}] 0.09
Il [SAMPLE] ljForce [ {/home/tutoriall0/examples/CoMD/src-mpi/liForce.c} {159} 1] 0.06
B [SAMPLE] |lfForce [{/home/tutoriall0/examples/CoMD/src-mpi/liForce.c} {187}] 0.06
M [SAMPLE] ljForce [ {/home/tutoriall0/examples/CoMD/src-mpi/liForce.c} {156} 1] 0.03
o Il [SUMMARY] getBoxFromCoord [ {/home/tutorial10/examples/CoMD/src-mpi/linkCells.c} 0.36

Il [SAMPLE] UNRESOLVED /usr/lib/x86_64-linux-gnu/libc.so.6
o [l [SUMMARY] sortAtomsInCell [ {/home/tutorial10/examples/CoMD/src-mpi/haloExchange

o BRICLIMMADN ) adhiancaDaocition [Llbanoo/tutaciall Olosvcamanloac/CablAD lece conilticoocton o1 1

w ©

Name Exclusive TIME Inclusive TIME V Calls
W . TAU application 0 26.582 1
¢ Mtaupreload_main 26.174 26.582 1
¢ I[CONTEXT] taupreload_main 0 25.65 855
¢ M [SUMMARY] lfForce [{/home/tutoriall0/examples/CoMD/src-mpi/liForce.c} ] 24.27 24.27 809
E[SAMPLE] liForce [ {/home/tutoriall0/examples/CoMD/src-mpifjForce.c} {1981 4.8 160
@ [SAMPLE] iForce [{/home/tutorial10/examples/CoMD/src-mpifljForce.c} {209 Show Source Code 3.78 126

1.47 49
1.38 46
0.66 22
0.63 21
0.39 13
0.27 9
0.24 8
0.18 6
0.15 5
0.12 4
0.09 3
0.06 2
0.06 2
0.03 1
0.36 12

7

7

2

LU E LR [[[I[II]] [ RN EEENNENNNNENNNNNENENEEER

Child Calls

1|4
1,255

O O0O0OO0O0O0Oo

D OO O0OO0OO0OO0OO0O0O0O0O0O0 00O O Y

Click on columns to sort (e.qg.,
Inclusive)

Expand nodes and right click on
sample and

{ STt SO0 G{Kz2g {2
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T A U ®a&araProf Profile Browser:
Source Code Browser

[ N ) (5 | &2 HpPc Cloud On-Demand Data ¢ X [ TurboVNC: eds-24-05-aws:1 (1 X =+ v
C O B https://vnc-paratools.adaptivecomputing.com/vnc/vnc.html?resize=remote&path=novnc/websockify?token=6626dd00a6069602bd75 {} © i, @ ﬁ =
Activities [ 7 | edu-uoregon-tau-paraprof-ParaProf Jun 13 02:36 o
+9
166 . B U EEEENENENENENENNNENEENEENR
i int nbrBoxes[27]; — - . .
é o7 g g oLl L Exclusive TIME ] GG Calls == The appllcatlon Spent
¢ for (int iBox=0; iBox<s->boxes->nLocalBoxes; iBox++) 2 I
169 { 26.174 26.582 1 1,255 . .
170 i s o .
L int nIBox = s->boxes->nAtons[iBox] ; 0 25.65 855 0 48 Seconds at ||ne 198 18]
a s 1f ;]tIJBg.\' =0 ) cantlg:@;e . i 24.27 24.27 809 0 . .
int nNbrBoxes = getNeighborBoxes(s->boxes, iBox, nbrBoxes); 4.8 4.8 160 0 | k O
iZj // loop over neighbors of iBox 3.78 3.78 126 0 JForce'Gn MPI ran " TAU
: for (int jTmp=0; jTmp<nNbrBoxes; jTmp++) . . " "
175 3.66 3.66 122 0
{ collected 160 samples at this line
@ i;g int jBox = nbrBoxes[jTmp]; 2.76 2.76 92 0
X 1.98 1.98 66 0 f d
1;2 assert(jBox>=0); 1.56 1.56 52 0 OT code.
180 . R 1.47 1.47 49 0
B mt'nJBo,a = >->bo,fes->QA,toms[JBO‘-']; 1.38 1.38 46 0
- ™ if ( nJBox == 0 ) continue; 0.66 0.66 22 o . . . .
? &= iy aoaios: Eau iy it 0.63 0.63 21 o | It is within five levels of for
- for (int i0ff=iBox*MAXATOMS,ii=0; ii<nIBox; ii++,i0ff++) 0.39 0.39 13 o | |
{ 0.27 027 s o | loops!
67 int iId = s->atoms->gid[i0ff]; 0.24 0.24 8 0
// loop over atoms in jBox 0.18 0.18 6 0
188 ) R mr R Rl i g - . ‘
Ha Ior (int jOff=MAXATOMS*jBox,ij=0; ij<nJBox; ij++,jOff++) 0.15 0.15 5 0
- 8 real_t dr{3]; 4 ° | There was no change to
Hei int jId = s->atoms->gid[jOff]; 0.09 0.09 3 0
if (jBox < s->boxes->nlLocalBoxes && jId <= ild ) 0.06 0.06 2 0 d
a i:j continue; // don't double count local-local pairs. 0.06 0.06 D 0 Source CO e!
real_t r2 = 0.0; H
195 T CAVIRGAS i) B8 - L b Id h
o DNFIATE WREOS N ¢} 0.36 0.36 12 0 ul SyStem’ or the
197 : dr[m] = s->atoms->r[i0ff][m]-s->atoms->r[jOff][m]; [ 9:21 - - - | t b I
Lot r2+=dr[ml*dr(m]; e 0.21 0.21 7 0 app Ication |nary-
199 } 1 N 19 N 19 2 Fathedl|
200
L 01 ate s ST R
::: o2 if ( r2 > rCut2) continue;
203 < »
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TAU EXxercise #2:

Instrumenting PETScappl i cati on wusir
Perfstubs Interface




Launching the binary using
tau exec T ebs

eve (5 &2 HpC Cloud On-Demand Data ¢ X B TurboVNC: eds-24-05-aws:1 (1 X = + v
C O 6 https://vnc-paratools.adaptivecomputing.com/vnc/vnc.html?resize=remote&path=novnc/websockify?token=6626dd00a6069602bd75 T O L ® ﬁ =
Activities () Terminal Jun 13 02:00 L]

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

cd ~/examplegpetsccpu

cd $PBS_0_WORKDIR Jcompile.sh

export MV2_HOMOGENEOUS CLUSTER=
export MV2_SUPPRESS JOB_STARTUP_PERFORMANCE_WARNING=

gsubtau.qsub
da_grid x 120 \ gstatqu $USER

-da grid y \

-pc_type lu \

-pc_factor mat solver type superlu dist \
-ksp_monitor \

-ksp_view pprof i a | more
paraprof &

mpiexec ./ex50 \
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T A U ®a&araProf Profile Browser:
Source Code Browser

Activities

N

££

=
1o
5

=] %2 HPC Cloud On-Demand Data ¢+ X TurboVNC: eds-24-05-aws:1 (1 X + v
O E} https://vnc-paratools.adaptivecomputing.com/vnc/vnc.html?resize=remote&path=novnc/websockify?token=6626dd00a6069602bd75 ﬁ? © :J_/, @ i] =
() Terminal Jun 13 02:03 q

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

gsub ex50.gsub
$ gstat -u $USER gstat i u SUSER

00:02:00 R 00:00:26

ed4s-24-05-aws:

Req'd # After it completes

Job ID Username Queue Jobname
Is

paraprof &

00:02:00 --

- ls
ex50.011540000 profile.0.0. profile.
profile.0.0. profile.
profile.1l.0. profile.
ex50.c makefile profile.1.0. profile.
ex50.e11540000 profile.0.0.0 profile.l1.0. profile.
- paraprof
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T A U paaprof browser with PETSc

performance profile

[ N ) () | & HPc Cloud On-Demand Data ¢ X B TurboVNC: eds-24-05-aws:1 (1 X = +

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

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

|ERmE
Name
EMPI_init_thread()
¢ @ Main Stage
¢ [l [CONTEXT] Main Stage
[l [SAMPLE] MatLUFactorNumeric_SeqBAlj_7_NaturalOrdering_inplace [{/tmp/ubt
Ml [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-stage
[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_SeqMAl_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 MPI_Test()
W MatView
W MPI_Recv()

8.0
7.8
Main Stage

L]

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 Child C...
0~
284

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¢
node 3, thr¢

Show User Event Statistics Window

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 O, thread O.

40




Using pprof: TAUOS

profile browser

{ N ) 5 | & HPC Cloud On-Demand Data - X TurboVNC: eds-24-05-aws:1 (1 X + v

C @ B https://vnc-paratools.adaptivecomputing.com/vnc/vnc.htmi?resize=remote&path=novnc/websockify?token=6626dd00a6069602bd75 ks ® ¥ ©®

Activities

£ 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 ©;CONTEXT O;THREAD 0O:

Inclusive
usec/call

Inclusive
total msec

Exclusive

20080268

20080002

13095901

3629490

2700776

1756523

; 1754558

8. 36527

] MatLUFactor
8.0
7:8

Main Stage

36527
130617

.TAU application
taupreload main

MPI Finalize()

Main Stage

MPI Init thread()
PCSetUp

MatLUFactor

MatLUFactor => [CONTEXT

[CONTEXT] MatLUFactor
Main Stage => [CONTEXT]

Home

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!
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TAU EXxercise #3:

Instrumenting PETScappl i cati on usi
Perfstubs Interface and generating callpath profiles




Generatina callpath profiles

Edit ex50.qsub

# add
export TAU _CALLPATH=1

export TAU_CALLPATH_DEPTH=100

export TAU PROFILE_ FORMAT=merged
mpirun &

% qgsub ex50.gsub
% paraprof  tauprofile.xml




TAU EXxercise #4:

Instrumenting PETScappl i cati on usi
Perfstubs Interface and generating traces




Generating Traces

# cd ~/examples/ petsc - cuda; vi ex50.gsub
# Comment out previous CALLPATH options

export TAU TRACE=1

% qgsub ex50.gsub
% tau_treemerge.pl

% tau_trace2json tau.trc  tau.edf Tchrome \
- Ignoreatomic I 0 ex50.json
Open Firefox, load Perfetto.dev

trace visualizer and open ex50.json
wasd keys to widen/shrink/left/right




TAU EXxercise #5:

CUDA instrumentation using CUPTI
(CUDA Profiling Tools Interface)




PETSc CUDA: What it was doing

% cd ~/examples/  petsc - cuda

% ./ compile.sh

Edit the gsub file, increase wallclock
time to 5 mins:

spack load tau+mpi+cuda

export TAU PROFILE_ FORMAT=merged
mpiexec tau exec 1T cupti,mpi I cupti
% qsub *. gsub

% paraprof  tauprofile.xml &

iebs ./ kspeé




PETSc CUDA:

training0@eds-25-06-aws-1:~/examples/petsc-cuda$ cat tau.qsub
#!/bin/bash

#PBS -1 nodes=2:ppn=2,walltime=5:00

#PBS -1 naccesspolicy=singlejob

#PBS -N bench kspsolve

cd $PBS 0 WORKDIR

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

spack load tau+mpi+cuda
mpiexec tau exec -T cupti,mpi -cupti -ebs ./bench kspsolve \
-n 128 \
-its 1000 \
-matmult \
-mat type aijcusparse \
-use gpu aware mpi ©
training0@ed4s-25-06-aws-1:~/examples/petsc-cuda$ l

Increase wallclock time to 5 mins
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Generating Traces

% cp/ tmp/trace - cuda.gsub
% qsub trace - cuda.qsub
% gstat

% firefox https://perfetto.dev &
Click ->Trace Viewer - > Open the Ul - >

Open Trace File - > navigate to app.json
Open the four trace rows (one for each rank)

Use wasd keys to widen/shrink/left/right

scroll



https://perfetto.dev/

Visualizing Traces with https://Perfetto.dev

[ J & HPC Cloud On-Demand Data Ce X we eds-24-11-aws-2:1 (training0) - X T ©3 Private browsing
C O 8 adaptivecomputing.com @ & =
Activities ) Firefox Feb 27 15:52 W O
5 @ app.json (16 MB) - Per' x [l Firefox Privacy Notice - X  + v x
€« C (=) perfetto.dev/ " . : i )3b8d32f69 & @ @ & =
1 Perfetto | -

Navigation

e wasd

4 —Defaull Workspace v i W - Wlden
S = Shrink
- | PLFinalize) A= Left

PCApply | PCApply MPI_Allreduce() _ .
(T VTV e witsae | sl D = Right

.TAU application

taupreload_main

Current Trace

16 MB

.TAU application

MPI_Finalize()
PCSetUp MatView

PCApply PCApply
AL AU [RAT A

| MatSolve MatSolve
Q wit 3 ega . i

Convert trace

L

m] TAU applicat._.
or
Example Traces 127804 O
o
3 Curent Selection T ~
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