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Motivation and Challenges

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

« TAU Performance System®:

- Deliver a scalable, portable, performance evaluation toolkit for HPC and Al/ML workloads.
- http://tau.uoregon.edu

« Itis getting harder to install our HPC and Al/ML tools.



http://tau.uoregon.edu/
http://tau.uoregon.edu/

Motivation: Improving Productivity

. TAU Performance System®:

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

- http://tau.uoregon.edu




TAU Performance System®

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

Integrated performance toolkit

Instrumentation, measurement, analysis, visualization

Widely-ported performance profiling / tracing system

Performance data management and data mining

Open source (BSD-style license)

Uses performance and control variables to interface with MVAPICH2
Integrates with application frameworks
http://tau.uoregon.edu




TAU Performance System®

0 Paratools

. . _ _ UNIVERSITY
Versatile profiling and tracing toolkit that supports: . maawsties  OF OREGON

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

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

o Supports PAPI, Likwid for hardware performance counter information

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

» A single tool (tau_exec) is used to launch un-instrumented, un-modified binaries
o Supports Grace-Grace and Grace-Hopper (SVE aarch64) systems
 TAU'’s paraprof, pprof, perfexplorer for profile analysis; Vampir, Jumpshot, Perfetto.dev for traces

e http://tau.uoregon.edu
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Application Performance Engineering
using TAU

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.

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?

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

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?

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

What are the I/O characteristics of the code? What is the peak read and write bandwidth of
individual calls, total volume?

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

 Pthread: $ mpirun -np 16 tau exec -T mpi,pthread -ebs ./a.out
* CUDA: % mpirun -np 16 tau exec -T cupti,mpi —-cupti -ebs ./a.out

* ROCm: % mpirun -np 16 tau exec -T rocm,mpi —-rocm -ebs ./a.out
 Python: % tau python ./foo.py

Analysis: % pprof —-a -m | more; % paraprof (GUI)

Tracing:

* Vampir: MPI: % export TAU TRACE=1l; export TAU TRACE FORMAT=otf2
$ mpirun -np 16 tau exec ./a.out; vampir traces.otf2 &

* Chrome/Jumpshot: % export TAU TRACE=1l; mpirun -np 64 tau exec ./a.out
% tau treemerge.pl;

Perfetto.dev:% tau trace2json tau.trc tau.edf -chrome -ignoreatomic -o app.Jjson
Chrome browser: chrome://tracing (Load -> app.json) or Perfetto.dev

e Jumpshot: tau2slog2 tau.trc tau.edf -o 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

Tuning and Analysis Utilities

TAU Architecture




TAU Performance System®

Instrumentation
Fortran, C++, C, UPC, Java, Python, Chapel, Spark
Automatic instrumentation

Measurement and analysis support
MPI (MVAPICH), OpenSHMEM, ARMCI, PGAS, DMAPP
Supports Intel oneAP| compilers
pthreads, OpenMP, OMPT interface, hybrid, other thread models
GPU: OpenCL, oneAPI DPC++/SYCL (Level Zero), OpenACC, Kokkos, RAJA
Parallel profiling and tracing

Analysis
Parallel profile analysis (ParaProf), data mining (PerfExplorer)
Performance database technology (TAUdb)
3D profile browser




Instrumentation

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

 Runtime preloading of TAU’s Dynamic Shared Object (DSO)
— No need to recompile code! Use mpirun tau_exec ./app with options.




TAU’s Support for Runtime Systems

MPI

« PMPI profiling interface

« MPI_T tools interface using performance and control variables

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

« Captures time spent in routines per thread of execution
OpenMP

«  OMPT tools interface to track salient OpenMP runtime events

« Opari source rewriter

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

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

« Captures time spent in Intel Level Zero runtime calls
OpenACC

*  OpenACC instrumentation API

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

« Track time spent in kernels




TAU’s Support for Runtime Systems (contd.)

OpenCL
« OpenCL profiling interface
« Track timings of kernels
CUDA
« Cuda Profiling Tools Interface (CUPTI)
- Track data transfers between host and GPU
Track access to uniform shared memory between host and GPU
ROCm
« Rocprofiler and Roctracer instrumentation interfaces
« Track data transfers and kernel execution between host and GPU
Kokkos
« Kokkos profiling API
Push/pop interface for region, kernel execution interface
Python
« Python interpreter instrumentation API
« Tracks Python routine transitions as well as Python to C transitions




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




Using TAU’s Runtime Preloading Tool: tau_exec

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

MPI

OpenMP

POSIX I/O

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 —rocm ./a.out (-rocm_pc for PC sampling on GPU)
% mpirun -np 256 tau_ exec —cupti ./a.out
% mpirun -np 256 tau_exec —cupti -um ./a.out (for Unified Memory) (-cupti_pc for PC sampling on GPU)
% mpirun —np 256 tau exec —I0  ./a.out

% mpirun —np 256 tau_exec —opencl ./a.out
% mpirun —np 256 tau_exec —openacc ./a.out
Track MPI performance
% mpirun -np 256 tau_exec ./a.out
Track 1/0O, and MPI performance (MPI| enabled by default)
% mpirun -np 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 —np 256 tau_exec —T ompt,mpi -ompt ./a.out
Track memory operations
% export TAU_TRACK_MEMORY _LEAKS=1
% mpirun —np 256 tau_exec —memory debug ./a.out (bounds check)
Use event based sampling (compile with —q)
% mpirun —np 256 tau_exec —ebs ./a.out
Also export TAU_METRICS=TIME,PAPI L1 DCM... -ebs_resolution=<file | function | line>




Integrating TAU with MVAPICH through MPI_T Interface

BEACON / PYCOOLR |

User (Non-interactive and interactive report analysis modes)
Observe PVARs

Tune CVARs Publish

Control L .
%bles MPI Applications (P3DFFT, HPCG, Amber, 3D Stencil)
Publis\ l i
Performance TAU MVAPICH
\ariables M PI'T
Report and Advanced
recommendations I n tea rfa Ce Zerfotrmance
ounters
) # Get Performance / Tonolo
Performance Variables — Infpnrmg\t'ion

Interactive
User
Dashboard

Variables

C/R, Migration

and
Set Control compadtion
Control Variables
Control Variables Communication
policies Mechanisms/
5

I I

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

Enhance existing support for MPI_T in
MVAPICH2 to expose a richer set of
performance and control variables

Get and display MPI Performance
Variables (PVARs) made available by
the runtime in TAU

Control the runtime’s behavior via MPI
Control Variables (CVARS)

Add support to MVAPICH2 and TAU
for interactive performance
engineering sessions




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

plugins
— | enter
\ ‘_%
— E
atomic =
o
o
— | exic — B
y atomic
: plugins
event-specific
triggerl
plugins
- triggerl
trigger 2

P 4 plugins
| trigger3
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plugins
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Plugin-based Infrastructure for Non-Interactive Tuning

® TAU 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
® Application can define its own “trigger” states
and associated plugins
Pass arbitrary data to trigger state plugins

READ
PVARs

MVAPICH2

CVARs

MPL_T Interface

AUTOTUNING PLUGIN

H/

b4

void autotuning_ch {
/I Perform
/I Autotuning through
I MPI-T

¥

]

void register_callback {

| FPlugin
\ Registration

I TAU_Event: ™ \

\"'\-\_

TAutotunlng plugin

(&

TAU_EVENT. interrupt_handler
= autotuning_ch;

TAU_EVENT.end_of_profiling
= NULL;

}

~

/

Interrupt
\\% Handler _/ﬁdispatch

¢ TAU_Event:
End of
\\_ Profiling _/f'

~
Recommendation plugin

-~

RECOMMENDATION PLUGIN

dispatch
¢ dispatch |

void recommend_cb {
//Generate
//[Recommendations

}

[

void register_callback {
TAU_EVENT. interrupt_handler
= NULL;
TAU_EVENT.end_of_profiling
= recommend_cb;

}

[

~




TAU Runtime Control of Plugin

* TAU defines a plugin API to deliver access control to the
internal plugin map
* 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

® 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 for “foo” and “bar” represent distinguishable states in TAU

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

APPLICATION N

PLUGIN MAP

- Enter “foo”

\ f---—'_" PLUGIM 1, PLUGIMN 3, PLUGIN 4

Enter "bar” —




PVARs Exposed by MVAPICHZ2

File Options Help

X/ TAU: ParaProf Manager

@ Applications

¢ C3Standard Applications

¢ 3 Default App

+ . Default Exp
¢ @ lulesh.ppk

@TIME

o3 Default {jdbc:h2:fhom

TrialField

Value

MPI_T PVAR[D]: 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

MPL_T PVAR[11]:

mv2_num_shmem_coll_calls

Number of times MV2 shared-memeory collective calls were invoked

MPL_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

MPL_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

MPIL_T PVAR[16]:

mv2_smp_write_progress_poll_succ...

Unsucessful CH3 SMP write progress engine polling count

MPL_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

MPIL_T PVAR[19]:

mv2_coll_bcast_scatter_doubling_all...

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

MPI_T PVARI[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

MPIL_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 MVY2 knomial internode beast algorithm was invoked

MPI_T PVAR[24]:

mv2_coll_bcast_knomial_intrancde

Number of times MV2 knomial intranode beast algorithm was invoked

MPI_T PVAR[25]:

mv2_coll_bcast_mcast_internode

Number of times MV2 mcast internode beast algorithm was invoked

MPI_T PVAR[26]:

mv2_coll_bcast_pipelined

Number of times MV2 pipelined bcast 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 alltoall 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 MVY2 shm rd allreduce algorithm was invoked

MPI_T PVAR[34]:

mv2_coll_allreduce_shm_rs

Number of times MVY2 shm rs allreduce algorithm was invoked

MPI_T PVAR[35]:

mv2_coll_allreduce_shm_intra

Number of times MVY2 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_21vl

Number of times MV2 two-level allreduce algorithm was invoked

MPI_T PVAR[38]:

mv2_coll_allreduce_shmem

Number of times MVY2 shmem allreduce algorithm was invoked

MPI_T PVAR[39]:

mv2_coll_allreduce_mcast

Number of times MY2 multicast-based allreduce algorithm was invoked

MPI_T PVAR[3]: numn_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 number 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 number of times we allocated VBUFs

MPI_T PVAR[51]:

mv2_vbuf_allocate_time

Average time for number of times we allocated VBUFs

NI




CVARs Exposed by MVAPICHZ2

File Options Help

% TAU: ParaProf Manager

@ Applications

+ 3 Default App
+ 3 Default Exp
+ @ lulesh.ppk

@ TIME

¢ 15tandard Applications

o 3 Default (jdbe:h2:/hom

TrialField

Value

iLocaI Time

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

[»

|MPI Processor Name

cerberus.hic.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_MS5G _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_MSG_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{sendtype)) ...

{MPIR_CVAR_ALLTOALL THROTTLE

max nho. of irecvsfisends 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_MSG_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 M5G_SIZE

Let's define short messages as messages with size < MPIR_CVAR_BCAST_SHORT_MS5G_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 ancther 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 environment 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 <0 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_ERROR_CHECKING

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

{MPIR_CVAR_GATHERV_INTER_SSEND_MIN_PROCS

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

IMPIR_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_M5G_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 eager and rendezvous protocol

{MPIR_CVAR_MAX_INLINE_SIZE

This set the maximum inline size for data transfer

IMPIR_CVAR_MAX_SMP_ALLREDUCE_MS5G_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 CVARSs

 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:3PATH

% mpirun -np 1024 tau_exec -T mvapich,mpit ./a.out
% paraprof




MPI Collective Sync in TAU: Time wasted in barrier

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

Metric: TAUGPU_TIME
Value: Exclusive
Units: seconds
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365.011 MPI Collective Sync <= MPI_Bcast()

146.869 [ ] MPI_Bcast()
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MPI_Waitall()
MPI_Bcast() <= a_i:EAMxx::create_grids
Kokkos::parallel_reduce Kokkos::Impl::CombinedFunctorReducer<(lambda at /home/bsingh/e3sm/1src_tau_nick_chngs/nick_version/E3SM-nchaimov-tau/components/

Kokkos::parallel_reduce Kokkos::Impl::CombinedFunctorReducer<(lambda at /home/bsingh/e3sm/1src_tau_nick_chngs/nick_version/E3SM-nchaimov-tau/components/
Kokkos::parallel_for call_function_dropmixnuc [type = SYCL, device = 0]

Kokkos::parallel_for call_function_dropmixnuc [type = SYCL, device = 0] <= a:EAMxx::mam4_aci::run
MPL_Init()

MPI_Init() <= int taupreload_main(int, char **, char **)

Kokkos::parallel_reduce caar loop pre-boundary exchange [type = SYCL, device = 0]
Kokkos::parallel_reduce caar loop pre-boundary exchange [type = SYCL, device = 0] <= a:caar compute

Kokkos::parallel_reduce Kokkos::Impl::CombinedFunctorReducer<(lambda at /home/bsingh/e3sm/1src_tau_nick_chngs/nick_version/E3SM-nchaimov-tau/components/
MPI_Startall()

MPI_Allreduce()

MPI Collective Sync <= MPI_Allreduce()

MPI_Allreduce() <= a_i;EAMxx::create_grids

Kokkos::parallel_for caar loop dp3d limiter [type = SYCL, device = Q]

Kokkos::parallel_for caar loop dp3d limiter [type = SYCL, device = 0] <= a:caar limiter

MPI_Startall() <= a:caar_bexchV

MPI_Waitall() <= a:caar_bexchV

MPI_Waitall() <= a:hvf-bexch

Kokkos::parallel_reduce Kokkos::Impl::CombinedFunctorReducer<(lambda at /home/bsingh/e3sm/1src_tau_nick_chngs /nick_version/E3SM-nchaimov-tau/components/
MPI_Wait()

Kokkos::parallel_for (lambda at /home/bsingh/e3sm/1src_tau_nick_chngs/nick_version/E3SM-nchaimov-tau/components/homme/src/share/cxx/mpi/BoundaryExchan
MPI_Waitall() <= a_i:PIO:pio_swapm

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

MPI_Startall() <= a:hvf-bexch

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

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

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

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
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
Kokkos::parallel_reduce Kokkos::Impl::CombinedFunctorReducer<(lambda at /home/bsingh/e3sm/1src_tau_nick_chngs/nick_version/E3SM-nchaimov-tau/components/
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
-

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:PI0: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 1: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 collective sync time with TAU’s comparison window

ParaProf: Comparison Window

Metric: TAUGPU_TIME
Value: Exclusive
Units: seconds

1.773

1405 (79.226%) | EEFEFE}F}F}F}Y}Yh

055 |
0.55 (100.03%) |

0391 i |
0.213 (54.528%) [—

0.272 —
0.271 (99.741%) I —

0.261
0.08 (30.725%) [

0.125 ]
0.041 (32.721%) &

0.122 [—]
0.123 (100.232%) [

9.2E-5 |
0.11 (120077.174%) [l

0.084 ]

0.084 (100.199%) [l
0.011 [

0.01 (99.933%) [

0.002 |
0.008 (481.311%) |

0.007 |
0.004 (61.887%) |

2.9€-5 |
0.004 (14700%) |

0.004 |
0.004 (100.69%) |

0.00
0.003 (102.056%) |

0.002 |
0.002 (100.609%) |

| 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
[ 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

MPI_Alltoall()

benchmark_fft<heffte::backend::cufft

MPL_Init()

make_data<std::complex<double>

MPI Collective Sync

cudaMalloc

MPI_Finalize()

cudaStreamCreateWithFlags

cudaStreamSynchronize

main

MPI_Barrier()

.TAU application

cudaStreamDestroy

cudaMemcpyAsync

31 cudalLaunchKernel

cudaFree




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

423,42 e, max
423,42 e n0de 9, thread 0

423.241 node 3, thread 0
423.041 node 5, thread 0
422.981 node 7, thread 0
421.431 node 11, thread 0
412.743 node 1, thread O

225.584 mean
195.657 std. dev.

33.654 [ node 10, thread 0
33.602 [ node 4, thread 0
33.509 [ node 6, thread 0O
33.483 [ node 2, thread 0
33.415 [@mm node 8, thread 0

6 @ 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

108.061
98.205

3.082 @

102.772
106.029
102.157
98.821
108.061
105.471
101.438
102.983
98.205
101.784

all

max
min

std. dev.

mean

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

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 0
node 2, thread 0
node 3, thread 0
node 4, thread 0
node 5, thread O
node 6, thread 0
node 7, thread 0
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 —n 64 tau_exec ./a.out




AWP-ODC: Tracing with TAU and Perfetto.dev

eoe M~ < & ui.perfetto.dev <) ©] ﬁ +
m < e awp_iwan_9n.json.gz (89 MB) - Perfetto Ul
D Perfetto Q M
1 ! I ' ! I ' 1 ' 1 ' | ' | ! 1 ' 1 ' 1 ' ! | ' I ' ' I ' T ! I T I T
; ‘ 00:00:30 00:01:00 00:01:30 ‘ 00:02:00 00:02:30 00 00
Navigation L ?
00:00:00 + 00:01:10 00:01:10 00:01:10 00:01:10 00:01:10 00:01:10 00:01:10 00:01:10 00:01:10
000 000 000 000 000 000 020 000 000 040 000 000 060 000 000 . I'Rf_l\‘l:l""‘a Hll'll‘.f 000 20000 000 0 60 000 000
F us 1
X =Y Default Workspace O |

v 434345
Current Trace ~ 334339

awp_iwan_9n json.gz (89 MB) 334339 main thread .TAU application
Memory copy Device to Device j2calc_iw... j2cal...

234333 .TAU application

434345 .TAU application
dstrge_iwan(float*, float*, fl... dstrg... dstrqc_iwan(float*, float*, float*, float*, float*,... j2calc_iwan(float*, float*, fl... stress_ov... voiddvelc..  void .
534351 TAU application
634357
j2calc_iw...
734363 .TAU application

dstrgc_iwan(float*, float, float*, float*, float*,.. dstrgc...

Thread 3436
934375

134381 AU application
Example Traces [PTHREAD] ad 049¢8d564> [{(unknown)} {0, 0}]
[2 Open Android example = =
¢ Current Selection T v
Slice dstrgc_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 dstrgc_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
~ Duration  35ms 176us

Thread 4[34345)

Process  3[34339]

sQL Ip slice[2785936] -




Binary instrumentation of libraries: Work in progress

% tau run a.out -o a.inst

instruments a binary. Other flags —T <tags>, -f <selective instrumentation file>
% tau run -1 /path/to/libhdf5.s0.310 -o libhdf5.s0.310

instruments a DSO
% tau exec ./a.out
executes the uninstrumented application with the instrumented shared object.

To use with DyninstAPI 13 on x86_64:
1. Load spack: source spack/share/spack/setup-env.sh
2. Install dyninst: spack install dyninst@13 %gcc@11
3. Configure tau with dyninst:
3.1 spack find -p dyninst boost tbb elfutils

3.2 Copy the paths for each package into the configure line
3.3 ./configure -bfd=download -dyninst=<dir> -tbb=<dir> -boost=<dir> -elf=<dir>; <set paths>; make install
With AMD GPUs:
.Jconfigure -bfd=download -mpi -rocm=/opt/rocm-6.0.0 -rocprofiler=/opt/rocm-6.0.0 -dyninst=download; make install




STEP

Binary instrumentation of libraries: HDF5 e

ECOSYSTEM PROJECT

$ pprof
Reading Profile files in profile.x

NODE ©; CONTEXT @; THREAD @:

%Time Exclusive Inclusive #Call #Subrs Inclusive Name
msec  total msec usec/call
100.0 0.272 68 1 1 68245 .TAU application
99.6 1 67 1 26 67973 taupreload_main
65.8 0.008 44 6 1 7484 HS5open
65.8 6 44 2 14 22448 H5_init_library
36.0 4 24 1 12 24563 H5VL_init_phase2
27.8 1 18 1 319 18943 H5T_init
19.8 0.193 13 179 179 76 H5T__register_int
19.5 0.302 13 179 310 74 H5T__register
19.0 4 12 155 2555 84 H5T__path_find_real
13.0 P 8 1 79 8857 H5P_init_phasel
12.7 0.663 8 2 51 4349 H5F_open
11.2 0.348 7 1 6 7610 H5Fcreate
10.5 0.386 7 1 6 7138 H5F__create_api_common
9.8 0.406 6 1 2 6707 H5VL_file_create
9.2 0.005 6 1 1 6299 HS5VL__native_file_create
7.1 1 4 488 976 10 H5T_copy
6.5 1 4 1 363 4452 H5E_init
5.6 0.013 3 4 12 956 H5I_dec_app_ref
5.6 0.013 3 2 10 1896 H5Fclose
5.5 0.009 3 2 4 1878 H5F__close_cb
5.5 0.01 3 2 6 1868 H5VL_file_close
5.4 0.013 3 2 4 1852 H5VL__native_file_close
5.4 0.019 3 4 8 924 H5F_try_close. localalias




AWP-ODC [UCSD]: TAU+CUPTI+DyninstAPI

Reading Profile files in profile.*
NODE ©O;CONTEXT ©;THREAD O:

Exclusive Inclusive Inclusive
total msec usec/call

6:27.801 387801618 .TAU application
6:27.776 387776447 taupreload main
205 6:27.772 125785 387772922 1int main()
3:53.279 3:53.279 0 22215 cudaDeviceSynchronize
2:25.156 2:25.156 0 7932 cudaStreamSynchronize
7,086 7,086 0 590 MPI_Watitall()
662 940 1033 940006 MPI_Intit()
45 284 5 cudalaunchKernel<char>
274 274 268 cudaStreamCreateWithFlags
239 239 4 cudalLaunchKernel
173 173 1607 Grid3D Alloc3D()
108 108 5 cudaMemcpyAsync
67 72 72277 MPI_Finalize()
64 9 dstrqc_iwan_H
58 15 update_swapzone_data_y H
57 14 update_swapzone_data x H
55 14 update_swapzone_buffer_y H
53 1 cudaFuncSetCacheConfig<voild (float*
52 13 update_swapzone_buffer_x_H
45 30 void Cpy2Device VY()
42 dstrqc_iwan
41 update_swapzone_data_y
41 update_ swapzone data x
40 vold inisigma2()

o]

.0
.0
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Profiling and Tracing

Profiling Tracing

ece TAU: ParaProf: node 0 - fundd_d19 ppk e TimeLine : Helmsolve_Trace.slog2 <ldentity Map:
Metric: TIME
ok e [Alv]eram (oo (<[>]a s (one oae
Lowest / Max, Depth| *[Zaom Level Glabal Min Time  View Init Time Zoom Focus Time  View Final Time  Global Max Time  Time Per Pixel 1| | Row
43.649 [ Loop: POINT_SOLVER::POINT_SOLVE_S [{point_solver.FS0} {2757,5}-(2917,19)] 012 14 [0.00 316712742385 [31,6739037714 [ 31,6803407627  [135.690379 0.0000132552 |51 W || " ow count
36.231 ] Loop: JACOBIAN. VISCOUS::EDGEIP [{jacobian viscous.f90} {440,7}-{1584,221 [ s] TimeLines 17.0
27.473 ] Loop: FLUX_PERFGAS::ROE_FLUX [(flux_perfgas.fo0] (397,5] (597,20}]
19.688 [ MILl_JACOBIANS:FILL_JACOBIAN [{fill_jacabians.fa0} {19, 3}-{341,30}] " [
16.273 PUNS 3D_IO_C2N::PUNS30_RCAD_VGRID_C2N_SM [{puns3d_io_c2n f90} {1641,14}]
13.381 GRADIENT_DRIVER:: GRAD_VARIABLE [{gradient_driver.f90} {110,3}-{508,30} 0
10.059 [mmmmm—| MPI WaitallO
9.954 MPI_ReduceO 1 15
04 [ FILUX_PERFGAS::VISRHS_TET [(flux_perfgas.f90] (2023,14]]
7.319 el TURB_SPALART::SA_RLSID [{turb_spalart.f90} {218,14}] 2
3.78 [_| FLUX_TURB:: TURBULENT_GRADIENTS [{flux_turb. rso) (795 3}-{899,36}]
3.562 [] TIMESTEP:DELTAT2 timestep.f90} {20,31-{331,24} L 8
3.384 [B POINT_SOLVER::POINT_SOLVE_1 [{point_solver.FSO0} {1083,3}-{1206,301 M
1200 [] TURB_SPALART::EDGE_ASSEMBLY_RES_CONV_DIFF [{turh_spalart.f0) (504%,14]]
1.086 [] MPI_Gcast 5 an
0.977 [l TURB_SPALART::EDGE_ASSEMBLY_JAC_CONV_DIFF [{turb_spalart.f90} {5209,14}]
0.668 [ PPARTY MIXED ELEMENT::EDGE POINTER DRIVER [{pparty mixed element.f90} {74,31-{502.361 6
0.66 | UPDATE_MEAN::UPDATE_Q lupdate_mean.F90} {723,3}-{803,251]
0.637 || POINT_IU_DDQ::LU_S [{point_lu_dda.F90] (1566,3] (1636,21]] 7 3
0,624 || SOLUTION:WRLST_INTERLEAT [{solution. 190} {3214,14}] - -
0586 | DUAL_NUMBERING: FMATRIX_TO_GRID [{dual_numbering f90} {122,3}-{143,32}] 8
0.565 [ GRID METRICS::DUALMETRIC [{grid_metrics.fO0} {2289,31-12791,27H
0.524 | TURB_SPALART::SA_JACOB [{turb_spalart.f90} {757,111 9 7
0.49 | MPI_Barrier0
0.479 | UPDATT_TURB::UPDATT_VALUFS_TURB [{update_turb.f90} {854,3}~(877, 351 o
0.41 | DUAL_NUMBERING::FGRID_TO_MATRIX [{dual_numbering f90} {84,3}~{115,32}]
0.371 | LMPI APP::SINGLE START MATRIX XFER [{lmpi_app.FOO} £7907.31-18132,411 11 ]
0.36 | TURB_SPALART:JACOBIAN_SA [{turb_s palart.f90} {88,141
0.352 || TIMEACC::TIME_DIAG_NC [{timeacc.fo0} (1067.3] (1330,2011 12
0336 | MPIInitQ
0285 | LMPI_APP::SINGLE_MATRIX_COMPLETE_XFER [{Impi_app.F90} {11520,3}-{11626,44}] 13 £l
0.283 | PPARTY METIS::MY_METIS Hpparty_metis.FOO} {116,31-{545.241
0.275 | PPARTY::NODE CELL_CHOPPER [{pparty.fo0} {411,3}-{153.33}1 14
0.260 | FLUX_UTIL::L2NORM [(flux_util.fo0! (31,3 (249,23]] 15 1
@ LinelD ; | | ; | ; | | ; Fit AllLT
31672 31.673 31674 31675 31676 31677 31678 31679 e || (BB
Time (seconds

. Prof"ing shows you how much . TraCing shows you when the events take
(total) time was spent in each routine place on a timeline

+  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

= Inclusive

= Information of all sub-elements aggregated into single value
= EXxclusive

= Information cannot be subdivided further

int foo ()
4 {

,{ int a;
7= 1 + 1;

Inclusive < Exclusive | < bar () ;

\{ A = a + 1;
return a;




How much data do you want?

Limited Loop Callpath
Profile Profile Profile

O(KB) O(TB)

Flat Callsite Trace
Profile Profile




Types of Performance Profiles

Flat profiles

Metric (e.g., time) spent in an event

Exclusive/inclusive, # of calls, child calls, ...
Callpath profiles

Time spent along a calling path (edges in callgraph)

“main=> f1 => 2 => MPI_Send”

Set the TAU CALLPATH and TAU CALLPATH DEPTH environment variables
Callsite profiles

Time spent along in an event at a given source location
Set the TAU _CALLSITE environment variable

Phase profiles

Flat profiles under a phase (nested phases allowed)
Default “main” phase

Supports static or dynamic (e.g. per-iteration) phases




Performance Data Measurement

Call START(‘potential’)
// code
Call STOP(‘potential’)

e EXxact
measurement

* Fine-grain control

« (Calls inserted
Into code

No code modification
Minimal effort

Relies on debug
symbols (-g)




Sampling

t, ot ot t,

R )
i1 1E

4__‘l—l-

1:5 t? t8
} } {
| | [

- foo (0) foo (1) foo (2) int main ()
{

Running program is periodically interrupted to take int 1;
measurement for (i=0; i < 3; i++)
Timer interrupt, OS signal, or HWC overflow foo (1)
Service routine examines return-address stack return 0;
Addresses are mapped to routines using symbol }
table information vold Foo (Lo 1)
Statistical inference of program behavior {
Not very detailed information on highly volatile if (1 > 0)
metrics foo(i — 1);

Requires long-running applications
Works with unmodified executables




Instrumentation

1:10 t1 1t12t13 1i14

vy

S S
i1 |

L=

Lo
—__ |
| nain |

foo (0) foo (1) foo (2)

Measurement code is inserted such that every event of
interest is captured directly
Can be done in various ways
Advantage:
Much more detailed information
Disadvantage:
Processing of source-code / executable
necessary
Large relative overheads for small functions

int main ()

{
int 1i; « ”
TAU_START ( main’);
for (1=0; i < 3; 1i++)

foo(i);“ .

TAU STOP( main ) ;
return 0;

}
void foo (int 1)

{ (11 »”
TAU START (“f00”) ;
if (1 > 0)

foo(i - 1);
TAU_STOP (“foo”) ;




Inclusive Measurements

TAU: ParaProf: noede 0 - fun3d_d19.ppk
Metric: TIME

Value: Inclusive
Units: seconds

221.305 I—— . TAU application
221.304 e NODET [{main.f90} {4,1}-{35,17}]

197.989 b FLOWCITERATE [{flow.FO0} {1692,14}]
195.577 [ FLOW::STEP_SOLVER [{flow.F90} {1845,14}]
195.569 RELAX_STEADY::RELAX [{relax_steady.f90} {30,3}-{307,22}]

61.927 UPDATE_MEAN::UPDATE_LINEAR_SYSTEM_MEAN [{update_mean.F90} {195,3}-{275,42}]

61.28 UPDATE_MEAN::UPDATE_JACOBIAN_DRIVER_MEAN [{update_mean.FO0} {460,3}-{505,44}]
61.275 [] UPDATE_MEAN::UPDATE_JACOBIAN [{update_mean.F90} {513,3}-{588,32}]

61.258 [ ] FILL_JACOBIANS::FILL_JACOBIAN [{fill_jacobians.f20} {19,3}-{341,30}]

59.068 [ GCR_SOLVE::GCR_SOLVER_QSET [{gcr_solve.f90} {47,3}-{415,32}]

57.635 [ GCR_SOLVE_UTIL::GCR_PRECONDITIONER_QSET [{gcr_solve_util.fO0} {40,3}-{131,40}]
57.152 [ | POINT_SOLVER::POINT_SOLVE [{point_solver.F30} {31,3}-{214,28}]

56.882 (s UPDATE_MEAN::UPDATE_RHS_MEAN [{update_mean.F90} {102,3}-{185,32}]

54.402 [ RELAX_MEAN::RELAX [{relax_mean.f0} {22,3}-{84,22}]

53.103

LINEARSOLVE_NODIVCHECK::NODIVCHECK_RELAX_Q [{linearsolve_nodivcheck.F90} {56,14}]
52.867 UPDATE_MEAN::RESIDUAL_S [{update_mean.F90} {42,3}-{94,27}]
52.866 [] FUN3D_RES_FLOW::RES_FLOW [{fun3d_res_flow.f90} {27,3}-{279,25}]
52.756 [ | FLUX::RESIDUAL_COMPRESSIBLE [{flux.fo0} {25,3}-{592,38}]
52.747 [Emmeesl POINT_SOLVER::POINT_SOLVE_S [{point_solver.Fo0} {2700,3}-{2921,30}]
52.744 [ | Loop: POINT_SOLVER::POINT_SOLVE_5 [{point_salver.F90} {2757,5}-{2917,19}]
36.232 [ JACOBIAN_VISCOUS::VISCOUS_JACOBIAN [{jacobian_viscous.f90} {20,14}]
36.231 [ JACOBIAN_VISCOUS::EDGEJP [{jacobian_viscous.f90} {324,14}]
36.231 [ Loop: JACOBIAN_VISCOUS::EDGE)P [{jacobian_viscous.f80} {440,7}-{1584,22}]
27.474 [E2] FLUX_PERFGAS::INVISCID_FLUX_DRIVER [{flux_perfgas.fo0} {37,14}]
27.474 [Emm FLUX_PERFGAS::ROE_FLUX [{flux_perfgas.fa0} {236,14}]
27.473 [] Loop: FLUX_PERFGAS::ROE_FLUX [{flux_perfgas.fa0} {397,5}-{597,20}]
22.707 [ FLOW:INITIALIZE_DATA [{flow.FS0} {465,14}]
22.694 [ | FLOW:INITIALIZE_DATAZ [{flow.F90} {663,14}]

20.916 PPARTY_PREPROCESSOR::PPARTY_PREPROCESS [{pparty_preprocessor.fo0} {28,14}]

L
16.726 [] PPARTY_PREPROCESSOR::PPARTY_READ_GRID [{pparty_preprocessor.f90} {735,14]]
16.726 [

|

=

=

PUNS3D_IO_C2N::PUNS3D_READ_VGRID_C2N [{puns3d_io_c2n.f90} {1543,14}]
16.657 PUNS3D_IO_C2N::PUNS3D_READ_VGRID_C2N_SM [{puns3d_io_c2n.f90} {1641,14}]
14.159 GRADIENT_DRIVER::GRAD_VARIABLE [{gradient_driver.f90} {110,3}-{508,30}]
13.852 UPDATE_TURB::UPDATE_RHS_TURB [{update_turb.f90} {742,3}-{845,32}]




Exclusive Tirpg

TAU: ParaProf: node 0 - fun3d_d19.ppk

Metric: TIME
Value: Exclusive
Units: seconds

43.649 | | Loop: POINT_SOLVER::POINT_SOLVE_5 [{point_solver.F90} {2757,5}-{2917,19}]
36.231 | Loop: JACOBIAN_VISCOUS: :EDGEJP [{jacobian_viscous.f90} {440,7}-{1584,22}]
27.473 | ] Loop: FLUX_PERFGAS::ROE_FLUX [{flux_perfgas.f90} {397,5}-{597,20}]
19688 [ | FILL_JACOBIANS::FILL_JACOBIAN [{fill_jacobians.f90} {19,3}-{341,30}]
16.273 sl PUNS3D_IO_C2N::PUNS3D_READ_VGRID_C2N_SM [{puns3d_io_c2n.fo0} {1641,14}]
13.381 | GRADIENT_DRIVER::GRAD_VARIABLE [{gradient_driver.f90} {110,3}-{508,30}]
10.059 [ MPI_Waitall()
9.954 [ | MPI_Reduce()
8.04 [E] FLUX_PERFGAS::VISRHS_TET [{flux_perfgas.fo0} {3023,14}
7.319 [ TURB_SPALART::SA_RESID [{turb_spalart.f00} {219,14}]
3.78 [] FLUX_TURB:: TURBULENT_GRADIENTS [{flux_turb.f90} {796,3}-{899,36}]
3.562 [_| TIMESTEP::DELTAT2 [{timestep.fO0} {20,3}-{331,24}]
3.384 [l POINT_SOLVER::POINT_SOLVE_1 [{point_solver.F90} {1083,3}-{1206,30}]
1.309 [| TURB_SPALART::EDGE_ASSEMBLY_RES_CONV_DIFF [{turb_spalart.fo0} {5048,14}]
1.086 [] MPI_Bcast()
0.977 § TURB_SPALART::EDGE_ASSEMBLY_JAC_CONV_DIFF [{turb_spalart.f90} {5209,14}]
0.668 [ PPARTY_MIXED_ELEMENT::EDGE_POINTER_DRIVER [{pparty_mixed_element.f90} {74,3}-{502,36}]
0.66 | UPDATE_MEAN::UPDATE_Q [{update_mean.FO0} {723,3}-{803,25}]
0.637 [ POINT_LU_DDQ::LU_5 [{point_lu_ddqg.f90} {1566,3}-{1636,21}]
0.624 [ SOLUTION::WREST_INTERLEAF [{sclution.FO0} {3214,14}]
0.586 [ DUAL_NUMBERING::FMATRIX_TO_GRID [{dual_numbering.f90} {122,3}-{143,32}]
0.565 || GRID_METRICS::DUALMETRIC [{grid_metrics.f90} {2289,3}-{2791,27}]
0.524 | TURB_SPALART::SA_JACOB [{turb_spalart.f30} {757,14}
0.49 | MPI_Barrier()
0.479 | UPDATE_TURB::UPDATE_VALUES_TURB [{update_turb.fo0} {854,3}-{877,35}]
0.41 | DUAL_NUMBERING::FGRID_TO_MATRIX [{dual_numbering.f90} {94,3}-{115,32}]
0.371 | LMPI_APP::SINGLE_START_MATRIX_XFER [{Impi_app.F90} {7907,3}-{8132,41}]
0.36 | TURB_SPALART::JACOBIAN_SA [{turb_spalart.f90} {88,14}]
0.352 | TIMEACC::TIME_DIAG_NC [{timeacc.f90} {1067,3}-{1330,29}]
0.336 | MPI_Init()
0.285 | LMPI_APP::SINGLE_MATRIX_COMPLETE_XFER [{Impi_app.F90} {11520,3}-{11626,44}]
0.283 | PPARTY_METIS::MY_METIS [{pparty_metis.F90} {116,3}-{545,24}]
0.275 | PPARTY::NODE_CELL_CHOPPER [{pparty.f90} {41,3}-{453,33}]
0.269 | FLUX_UTIL::L2NORM [{flux_util.f90} {31,3}-{249,23}]




Tracing: Jumpshot (ships with TAU)

® @ TimeLine : clover.slog2 <ldentity Map=>

[clv]Za e (<[> n/a[#an S8 a6
Lowest / Max. Dept :Eﬂ-u-m Level Global Min Time View Init Time Zoom Focus Time Wiew Final Time Global Max Time Time Per Pixel : Row
[ 0/ 10 (| 18 |[o.00 ||1.8542052923 |[1.8542206753 |[1.85423604395 ||9.782368 |o.oo00000338 | ﬁl'l Row Coun
Cumulati.. 2 TimeLines | | 13.0 |
== sLOG-2 (>
0}
1 —11
2
3 -9
4
5 -7
5]
7 —5
B8
9 —3
10
11 =1
@ LinelD Fit All T
| | | | | | | | | | | |
354205 1.8542075 1.55421 1.5542125 1.854215 1.5542175 1.55422 1.5542225 1.554225 1.8542275 1.55423 1.8542325 1.8542: 5
- Time {secondsh -
- void shmem_put64_nb_(void *, void *, int *, int *, void *) - void shmem_barrier_all_() - void shmem_put64_(void *, woid *, int *, int *)
duration = 63.00 usec duration = 0.273 msec duration = 1.00 usec
[0]: time = 2.062137, LinelD = 6 [0]: time = 2.062396, LinelD = 5 [0]: time = 2.062534, LinelD = 1
[1]: time = 2.062200, LinelD = 6 [1]: time = 2.062669, LinelD = 5 [1]: time = 2.062535, LinelD = 1

close | close | close




Tracing: Chrome Browser

& chrome:/ftracing x4+
® Chrome | chrome://tracing e % O e :
Record Save Load matmult.json Processes “ View Options ” [ — I —+ ll » | ?
| |380 ms |385 ms |390 ms
~ Process 0 X -
~ 0 .TAU application =
MAIN [{matmult.fo0} {39,7}{132,22}] %J
MPI_Recv() M... MPI... MPI... MPI_Recv() MPI_Recv() M... MPL... MPI_Re... MPI_Recv() MPI_Recv() M... M... MPI_Recv() MPI_Recv() MPI_Recv() M... M.. MPI_Recv() MPI... 2,
=3
~ Process 1 X|&
- 0 .TAU application
MAIN [{matmult.fe0} {39,7}-{132,22}] =
MULTIPLY_MATRICES [{matmult.f80} {25,7}{37,38}] MULTIPLY_MATRICES [{matmult.fo0} {25, 7}{37,38}] MULTIPLY_MATRICES [{matmult.fo0} {25,7)}{37,38}] MULTIPLY_MATRICES [{matmult.fo0} {25,7}{37,38})] |2
s
~ Process 2 x|
-~ 0
MAIN {matmult.fo0} {39,7}132,22}] ;?-':
MULTIPLY_MATRICES [{matmult.f90} ... MULTIPLY_MATRICES [{matmult.f90} {25,7)}{37,38}] MULTIPLY_MATRICES [{matmult.fo0} {25,7)}{37,38}] MULTIPLY_MATRICES [{matmult.fo0} {25,7)}{37,38}] MUL... | 3
~ Process 3 x| &
&
~0 I
MAIN [{matmult.fo0} {39,7}{132,22}] *
MULTIPLY_MATRICES [{matmult.190} {25,7)<37,38}] MULTIPLY_MATRICES {matmuilt.fo0} {25,7)437.38}] MULTIPLY_MATRICES K{matmult.f90} {25,7}37.38}] MULTIPLY_MATRICES [{matmult.f¢ + 7H37.38) |5
=
~ Process 4 X|—
20
-0 (&) —
MAIN [{matmult.fo0} {39,7}{132,22}] 2
MULTIPLY_MAT... MULTIPLY_MATRICES [{matmult.f90} {25,7)}-{37,38}] MULTIPLY_MATRICES [{matmuit.fo0} {25,7}-{37,38}] MULTIPLY_MATRICES [{matmuit.f90} {25,7}37,38}] MULTIP |+ TRICES...

79 items selected.

Slices (79)

Name ~ Wall Duration — Selftime —~ Average Wall Duration -~ Occurrences ~ Event(s) Link
MULTIPLY MATRICES [{matmult.fo0} {25,7}-{37,38}]_ D 114.459 ms 114.459 ms 4.239 ms 27 Incoming flow MPI
MPI _Send(). & 0.157 ms 0.157 ms 0.007 ms 23 Incoming flow MP1
MPI_Recv(). <« 0.994 ms 0.994 ms 0.043 ms 23 lncomfng flow MPI
TAU application & 2,274.680 ms 0.174 ms 758.227 ms 3 Incoming flow MPL
MAIN {matmult 90} {39,7}-{132,22}]. <& 2274506 ms  13.845 ms 758.169 ms 3 Incoming flow ME|
Incoming flow MPI

Totals 4,664.796 ms 129.629 ms 59.048 ms 79 .
Incoming flow MPI
Incoming flow MPI
Selection start 0.196 ms Incoming flow MPI
Selection extent 759.696 ms Incoming flow MPI
Incoming flow MPI
Incoming flow MPI
N AR Incoming flow MPI

% export TAU_TRACE=1
% mpirun —np 256 tau_exec ./a.out

% tau_treemerge.pl; tau_trace2json tau.trc tau.edf —.chrome —ignoreatomic —o app.json
Chrome browser: chrome://tracing (Load -> app.json)




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 & @ @ & =

[ Perfetto -

Navigation

= et wasd

v i W = widen
S = Shrink
A = Left
MPI_Finalize() D - nght

v

.TAU application

taupreload_main

Current Trace

MatView

PCApply | PCApply MPI_Allreduce()
DA AUA N e ERT | MatSolve

.TAU application

MPI_Finalize()
PCSetUp MatView

PCApply PCApply
DAL TRA A

| MatSolve MatSolve
Q wit % ega . i

L

Convert trace

o
or
Example Traces 127804 O
o

® —
% Cument Selection T+ A




Vampir [TU Dresden] Timeline: Kokkos

i 3 Trace View:s [homel ” poe S otf2 * - Vameir
| Blo Ede Chart Fiter Window Help

‘ENILI.EEI&@H&'#

Timeline -~w Function Summary
69.15680 s 69.15681 s 69.15682 5 69.15683 s 6915684 5 69.15685 5 69.15686 5 69.15687 s 69.15688 s All Processes, Accumulated Inclusive Time per Function

x
#  Kokkos:pa.. [device=0)] [87 us (2.13%))

Teeadi  ADRBRERIGHT— T

Thread 2 MO Open....0)] [465 s (11.36%)]
Thread 3

[2.269 ms (55.43%)

[1.109 ms (27.1%]]

Tvesst;  WAUEPERGEGR™ I R TAUWRRGRTT e — Context View
Treadis  TAUUPPIGRIGATIEEEEN T W TOWpRteRT— = ® Function Summary [] +

Thread 19 __’"——_‘—’m Property Value 2
Display Function Summary
Thesd2o  TRDTGppRESHON _ - AU aGpleation 4 Filter All Processes
eone N\ Call Tree - dosh-2 minimak otf2 * - Vampir Function M Kokkos:parallel_for CalcEnergyForElems E [device=0] v
o
All Processes Function Legend
~ [l TAU_KOXKOS -
Functions Min Inclusive Time Max Inclusive Time ale Kokk arallel_for CalckinematicsForElems (devico=0]
- TAU 94.527 s 94,527 us arallel_for CalcMonotonicQGradientsForElems [device=0)

arallel”for CalcMonotonicQRegionForElems [device=0)
araliel_for CalcPositionForNodes [device=0]
araliel_for CalcPressureForElems A (device=0]

Calers | Callees arallel_for CalcPressureForElems B [devices0]

) OpenMP_PARALLEL REGION: Kokkos: imph;Paralielfor< | _9 lulesh_cc_caaSdécs: CalcEnergyforElems(double®, double*, double®, double*, double*, double®, double®, double*, doubly . for CalcvelocityForNodes [devicamO)

P L_REGION: Kokkos: Par or< | ANAL 9 lulesh_cc_ 6¢5::Calc
w I OnanMDd NPT TASK. Kakine mnk Darsllelfnce MTEOMAL & Kilash 77 7 aald&r S aleEnarmEnds T2.000 s T3 000 s

can' nergyFor... 79.000 s 79.000 ps

Find Function:

Provous | Mo « SEOSForElams € [dece=0) .

% export TAU_TRACE=1; export TAU TRACE_FORMAT=0tf2
% tau_exec -T ompt —ompt ./a.out
% vampir traces.otf2 &




ParaProf Profile Browser

Fila Options Windows Help

metric: TIME
Value: Exclusive

[»

std. Dev. W
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ParaProf 3D Profile Browser

File Options Windows Help

TAU: ParaProf: 3D Visualizer: demo.ppk

Triangle Mesh
* Bar Plot

Scatter Plot

Topology Plot

Height Metric

Exclusive v| |GET_TIME_OF...|~
Color Metric

Exclusive v |IGET_TIME_OF...|~
Etnetion Loop: AORSA2D_STD
Thread e

Height value 129.549 seconds

Color value 129.549 seconds
iles | Plot | Axes | Color | Render

Auto-Rotate Speed

.

Reverse Video

AA Lines Full Screen AA
Separation O
Aperture O
GL Info




TAU — ParaProf 3D Visualization

% paraprof app.pk

Windows -> 3D Visualization -> Bar Plot (right pane)

Triangle Mesh
=) Bar Plot
Scatter Plot

Topology Plot

Height Metric
Exclusive - TIME
Color Metric

Exclusive - TIME

. void shmem_barrier_all_Q
Function

13
Thread

Height value 15.697 seconds

Color value 15.697 seconds

| - Axes Color

Auto—Rotate

Reverse Video

AA Lines | Full Screen AA
Separation _—
Aperture e p—




TAU - 3D Communication Window

TAU: ParaProf

: 3D Communication Matrix: lu.comm.ppk

% export TAU_COMM_MATRIX=1; mpirun ... tau_exec ./a.out

% paraprof ;

Windows -> 3D Communication Matrix

Display Options
Callpath:
All Paths -~
Height vValue:
Max message size (bytes) -

Color Value:

Message volume (bytes) -~
a8
Sender
- 9
Receiver

Height value 106080

Color value 3.9996E7

ail ColorScale UL g
3.9997E7Y
P & show Color...
Font Size
© Rainbow Gra...
Inverse Gra... Blue...
s Blue-White...

3.5916E7
Message volume (bytes)




Event Based Sampling (EBS)

TAU: ParaProf: Function Data Window: fun3d_ebs_50iter.ppk

Name: [SAMPLE] point_solver_mp_point_solve_5_

[{/p/home/nchaimov/fun3d-13.3-5dad7cc/LibF90/point_solver.FO90} {2705}]«

Metric Name: TIME
Value: Exclusive percent

0.145% [] std. dev.

4.931% | | mean

6.682% |

| max

3.852% | | min
4.135% | | node
5.413% | | node

6.682% |

| node

4.911% | | node
5.057% | | node

5.732% | | node

5.194% | | node

5.732% | | node

o

(o]

4.947% | | node
3.852% | | node

5.139% | | node
4.618% | | node
4.235% | | node

3.97% | | node

4.582% | | node
4.692% | | node

mpirun -n 16 tau exec -ebs a.out

File: point_solver.F90

0
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15

Line: 2705

Uninstrumented!




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

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

with the credentials. Firefox private window
recommended.

Click on Student tab and use code:70034



https://paratools.adaptivecomputing.com/

Connect to https://paratools.adaptivecomputing.com
. 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

» Check your email, enter verification code.

@0 ® [{Jprivate < @ paratools.adaptivecomputing.com 3 0O ©® M + O |




Connect to https://paratools.adaptivecomputing.com

e C(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




Connect to https://paratools.adaptivecomputing.com

 C(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.




onnect to https://paratools.adaptivecomputing.com

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

* You should see this jellyfish. Click on Activities.

To copy text from
other windows
click on the

this button to
access the
clipboard




Connect to https://paratools.adaptivecomputing.com

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

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

Activities Jul 8 22:27

Q Type to search

-
=R

Calculator i Documen... Terminal Utilities Cheese

=

n m
v - ¢ \ ”
F . 1 ] o
£l

Additional... AisleRiot ... Hardware... Jupyter N...

—_—
o VX

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

¢ @ @B 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 | +
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Running your first MPI application on the allocated cluster

% cd ~/examples/mpi-procname

% ./compile.sh

% ./run-single-node.sh  # on the login node
% cat mpiprocname.qgsub

% qsub mpiprocname.qsub

% gstat —u SUSER

% cat mpiprochame.o*

% cd ~/examples/osu-benchmarks
% cat bw.qsub

% qsub bw.qsub
% cat bw.o* # How close did you get to 50Gbps? At what message size? Multiply MB/s x 8 ...




Launching the binary using tau_exec —ebs

Activities

(5 &2 HpC Cloud On-Demand Data ¢ X B TurboVNC: eds-24-05-aws:1 (1 X = +

O 6 https://vnc-paratools.adaptivecomputing.com/vnc/vnc.html?resize=remote&path=novnc/websockify?token=6626dd00a6069602bd75
() Terminal Jun 13 02:00

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

cd $PBS 0 WORKDIR

export MV2_HOMOGENEOUS CLUSTER=
export MV2_SUPPRESS JOB_STARTUP_PERFORMANCE_WARNING=

mpiexec ./ex50 \
- \

da grid x

-da grid y \

-pc_type lu \

-pc_factor mat solver type superlu dist \
-ksp_monitor \

-ksp_view

cd ~/examples/petsc-cpu
vi ex50.qsub

Add tau_exec —ebs
before ./ex50 in the launch
command. Save the file.




TAU’s ParaProf Profile Browser: Source Code Browser
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$s T tutorial 10@e4s-24-05-aws: ~/examples/petsc-cpu

££

e B gsub ex50.qsub
00:02:00 R 00:00:26
: $ gstat -u $USER qstat —Uu $USER

<
@ e4s-24-05-aws:
=

# After it completes
. . Username Queue Jobname
. s
paraprof &

00:02:00 --
- $ 1s
ex50.011540000 profile.0.0. profile.2.0.
profile.0.0. profile.2.0.
profile.1l.0. profile.2.0.
ex50.c makefile profile.1.0. profile.3.
ex50.e11540000 profile.0.0.0 profile.l1.0. profile.
- $ paraprof




TAU’s paraprof browser with PETS

[ 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===

node 0, thr¢ Show Thread Bar Chart

2.701
3.629
1.567
0.206

0.2
0.165
0.125

Help

Calls

Child C...
Olaff
284

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

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
Show User Event Statistics Window

node 2, thr¢
node 3, thr¢

node 3, thre Show Context Event Window

node 3, thr¢ Show Metadata for Thread

Add Thread to Comparison Window

c performance profile

paraprof

Choose

Show thread statistics table by
right clicking on

node 0, thread O.




Using pprof: TAU's text based profile browser
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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

g © & O

.TAU application
taupreload main

MPI Finalize()

Main Stage

MPI Init thread()
PCSetUp

MatLUFactor

MatLUFactor => [CONTEXT

[CONTEXT] MatLUFactor
Main Stage => [CONTEXT]

Home

pprof —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!




CoMD: TAU with event-based sampling (EBS)
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tutorial 10@e4s-24-05-aws: ~/examples/CoMD/src-mpi

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

% cd examples/CoMD/src-mpi
% make; cd ../bin




CoMD: TAU with event-based sampling (EBS)
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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

Without TAU:
% qsub comd.gsub

With TAU:
% qsub tau.qsub
% gstat —u SUSER

Also see
../petsc-cuda




CoMD: TAU's paraprof visualizer
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$ 1s

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

, profile.1.0. % 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 &




TAU’s Runtime Environment Variables

Environment Variable Default | Description

TAU_TRACE 0 Setting to 1 turns on tracing

TAU_CALLPATH 0 Setting to 1 turns on callpath profiling

TAU_TRACK_MEMORY_FOO | 0 Setting to 1 turns on tracking memory usage by sampling periodically the resident set size

TPRINT and high water mark of memory usage

TAU_TRACK_POWER 0 Tracks power usage by sampling periodically.

TAU_CALLPATH_DEPTH 2 Specifies depth of callpath. Setting to 0 generates no callpath or routine information,
setting to 1 generates flat profile and context events have just parent information (e.g.,
Heap Entry: foo)

TAU_SAMPLING 1 Setting to 1 enables event-based sampling.

TAU_TRACK_SIGNALS 0 Setting to 1 generate debugging callstack info when a program crashes

TAU_COMM_MATRIX 0 Setting to 1 generates communication matrix display using context events

TAU_THROTTLE 1 Setting to 0 turns off throttling. Throttles instrumentation in lightweight routines that are
called frequently

TAU_THROTTLE_NUMCALLS | 100000 | Specifies the number of calls before testing for throttling

TAU_THROTTLE_PERCALL 10 Specifies value in microseconds. Throttle a routine if it is called over 100000 times and
takes less than 10 usec of inclusive time per call

TAU_CALLSITE 0 Setting to 1 enables callsite profiling that shows where an instrumented function was
called. Also compatible with tracing.

TAU_PROFILE_FORMAT Profile Setting to “merged” generates a single file. “snapshot” generates xml format

TAU_METRICS TIME Setting to a comma separated list generates other metrics. (e.g.,

ENERGY,TIME,P_VIRTUAL_TIME,PAPI_FP_INS,PAPI_NATIVE_<event>:<subevent>)




Runtime Environment Variables

EAGERLY

Environment Variable Default | Description

TAU_TRACE 0 Setting to 1 turns on tracing

TAU_TRACE_FORMAT Default | Setting to “otf2” turns on TAU’s native OTF2 trace generation (configure with —
otf=download)

TAU_EBS UNWIND 0 Setting to 1 turns on unwinding the callstack during sampling (use with tau_exec —ebs
or TAU_SAMPLING=1)

TAU_EBS RESOLUTION line Setting to “function” or “file” changes the sampling resolution to function or file level
respectively.

TAU_TRACK_LOAD 0 Setting to 1 tracks system load on the node

TAU_SELECT_FILE Default | Setting to a file name, enables selective instrumentation based on exclude/include
lists specified in the file.

TAU_OMPT_SUPPORT_LEVEL basic Setting to “full” improves resolution of OMPT TR6 regions on threads 1.. N-1. Also,
“lowoverhead” option is available.

TAU_OMPT_RESOLVE_ADDRESS_ | 1 Setting to 1 is necessary for event based sampling to resolve addresses with OMPT.

Setting to 0 allows the user to do offline address translation.




Runtime Environment Variables

Environment Variable Default Description

TAU_TRACK_MEMORY_LEAKS 0 Tracks allocates that were not de-allocated (needs —optMemDbg or tau_exec
—memory)

TAU_EBS SOURCE TIME Allows using PAPI hardware counters for periodic interrupts for EBS (e.g.,
TAU_EBS_SOURCE=PAPI_TOT_INS when TAU_SAMPLING=1)

TAU_EBS PERIOD 100000 Specifies the overflow count for interrupts

TAU_MEMDBG_ALLOC_MIN/MAX 0 Byte size minimum and maximum subject to bounds checking (used with
TAU_MEMDBG_PROTECT_*)

TAU_MEMDBG_OVERHEAD 0 Specifies the number of bytes for TAU’s memory overhead for memory
debugging.

TAU_MEMDBG_PROTECT_BELOW/AB | O Setting to 1 enables tracking runtime bounds checking below or above the

OVE array bounds (requires —optMemDbg while building or tau_exec —memory)

TAU_MEMDBG_ZERO_MALLOC 0 Setting to 1 enables tracking zero byte allocations as invalid memory
allocations.

TAU_MEMDBG_PROTECT_FREE 0 Setting to 1 detects invalid accesses to deallocated memory that should not
be referenced until it is reallocated (requires —optMemDbg or tau_exec —
memory)

TAU_MEMDBG_ATTEMPT_CONTINUE | O Setting to 1 allows TAU to record and continue execution when a memory
error occurs at runtime.

TAU_MEMDBG_FILL_GAP Undefined | Initial value for gap bytes

TAU_MEMDBG_ALINGMENT Sizeof(int) Byte alignment for memory allocations

TAU_EVENT_THRESHOLD 0.5 Define a threshold value (e.g., .25 is 25%) to trigger marker events for

min/max




Download TAU from U. Oregon

Tuning and Analysis Utilities

http://tau.uoregon.edu
https://eds.io [TAU in Docker/Singularity containers]
for more information
Free download, open source, BSD license



http://tau.uoregon.edu/
https://e4s.io/

Performance Research Laboratory,

www.uoregon.edu
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