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The Autonomic Performance Environment for eXascale (APEX) is a runtime 
loadable library that provides performance measurement and runtime 
adaptation for HPC applications. APEX was originally designed for 
asynchronous multi-tasking runtimes (HPX) but also works with both 
conventional parallel models and asynchronous task schedulers. APEX  focuses 
on the task dependency graph, not calling context tree. APEX supports HPX, 
C/C++ threads, OpenMP, OpenACC, Kokkos, Raja, CUDA, HIP, SYCL, StarPU, 
and we are currently integrating Iris and PARSEc. Runtime adaptation is 
provided by search algorithms such as Nelder Mead, simulated annealing, 
genetic search, hill climbing or other parametric search methods. 

Exhaustive Search: Using 
window size of 2, tiling 
converges on block dimensions 
of (32,16,1) and grid 
dimensions (29,57,1), the 
defaults are (16,2,1) and 
(57,450,1) respectively. The 
runtime improved from a 
baseline of 3.95 seconds to 3.04 
seconds using cached tuning 
results.
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convergence

Simulated Annealing: Using 
window size of 2, tiling 
converges on block 
dimensions of (32,16,1) and 
grid dimensions (29,57,1), the 
defaults are (16,2,1) and 
(57,450,1) respectively. The 
runtime improved from a 
baseline of 3.95 seconds to 
3.17 seconds using runtime 
simulated annealing. Cached 
results were equivalent to 
exhaustive tuning.
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The TAU Performance System® is a portable profiling and tracing toolkit for 
performance analysis of parallel programs written in Fortran, C, C++, UPC, 
Java, Python, and utilizing all major programming models such as MPI, 
SHMEM, OpenMP/ACC/CL, CUDA, HIP, SYCL, and Pthreads. TAU (Tuning 
and Analysis Utilities) can gather performance information through 
instrumentation of functions, methods, basic blocks, and statements as well 
as event-based sampling. The API also provides selection of profiling groups 
for organizing and controlling instrumentation. The instrumentation can be 
inserted in the source code using LLVM compiler plugins, dynamically using 
binary modification, at runtime in the Java Virtual Machine, or manually using 
the instrumentation API or PerfStubs. Many new features and optimizations 
were recently added to TAU, including support for the new exascale system 
architectures and their preferred programming models. The new features 
include a new plugin API and several plugins, support for the Kokkos and 
Raja profiling interfaces, updated support for Python, PyTorch, TensorFlow, 
and Horovod, and removed threading limitations.

Kokkos example: mdrange_gemm 900x900 with exhaustive and
simulated annealing search:

root

main
/pscratch/sd/k/khuck/XGC-Devel/XGC_core/cpp/main.cpp:12

512:0-511

xgc
/pscratch/sd/k/khuck/XGC-Devel/XGC_core/cpp/xgc.cpp:365

512:0-511

main_loop
/pscratch/sd/k/khuck/XGC-Devel/XGC_core/cpp/main_loop.cpp:92

512:0-511

solve_for_fields
/pscratch/sd/k/khuck/XGC-Devel/XGC_core/cpp/solve_algorithm.cpp:77

512:0-511

em_solve_algorithm
/pscratch/sd/k/khuck/XGC-Devel/XGC_core/cpp/em_solve_algorithm.cpp:175

512:0-511

calculate_charge
/pscratch/sd/k/khuck/XGC-Devel/XGC_core/cpp/scatter.cpp:62

71:[0,11,18,29,31-32,36...

calculate_charge
/pscratch/sd/k/khuck/XGC-Devel/XGC_core/cpp/scatter.cpp:87

441:[1-10,12-17,19-28,30...

Plasma::for_all
/pscratch/sd/k/khuck/XGC-Devel/XGC_core/cpp/plasma.hpp:170

71:[0,11,18,29,31-32,36...

calculate_charge
/pscratch/sd/k/khuck/XGC-Devel/XGC_core/cpp/scatter.cpp:65

71:[0,11,18,29,31-32,36...

checkpoint
/pscratch/sd/k/khuck/XGC-Devel/XGC_core/cpp/checkpoint.cpp:29

71:[0,11,18,29,31-32,36...

PMPI_Barrier
/opt/cray/pe/lib64/libmpi_gnu_123.so.12

71:[0,11,18,29,31-32,36...

MPIR_CRAY_Barrier
/opt/cray/pe/lib64/libmpi_gnu_123.so.12

71:[0,11,18,29,31-32,36...

MPIR_Barrier_impl
/opt/cray/pe/lib64/libmpi_gnu_123.so.12

23:[0,11,97,106,108,142...

MPIDI_Cray_shared_mem_coll_bcast
/opt/cray/pe/lib64/libmpi_gnu_123.so.12

48:[18,29,31-32,36,53,5...

MPIR_Barrier_intra_auto
/opt/cray/pe/lib64/libmpi_gnu_123.so.12

23:[0,11,97,106,108,142...

MPIR_Barrier_intra_dissemination
/opt/cray/pe/lib64/libmpi_gnu_123.so.12

23:[0,11,97,106,108,142...

MPIC_Sendrecv
/opt/cray/pe/lib64/libmpi_gnu_123.so.12

23:[0,11,97,106,108,142...

MPIC_Wait
/opt/cray/pe/lib64/libmpi_gnu_123.so.12

23:[0,11,97,106,108,142...

MPIR_Wait_impl
/opt/cray/pe/lib64/libmpi_gnu_123.so.12

23:[0,11,97,106,108,142...

ofi_cq_readfrom
prov/util/src/util_cq.c:232

16:[0,11,97,106,149,201...

ofi_cq_readfrom
prov/util/src/util_cq.c:230

1:108

ofi_cq_readfrom
prov/util/src/util_cq.c:231

1:142

MPID_ST_progress_queue
/opt/cray/pe/lib64/libmpi_gnu_123.so.12

1:507

cxip_util_cq_progress
prov/cxi/src/cxip_cq.c:109

2:[0,97]

cxip_util_cq_progress
prov/cxi/src/cxip_cq.c:112

14:[11,106,149,201,231,...

ofi_genlock_lock
./include/ofi_lock.h:359

2:[0,97]

ofi_mutex_lock_noop
./include/ofi_lock.h:295

1:97

cxip_ep_progress
prov/cxi/src/cxip_ep.c:186

8:[11,106,149,201,278,...

cxip_ep_progress
prov/cxi/src/cxip_ep.c:185

2:[231,288]

cxip_ep_progress
prov/cxi/src/cxip_ep.c:184

3:[272,423,480]

cxip_ep_progress
prov/cxi/src/cxip_ep.c:183

1:419

cxip_ep_ctrl_progress_locked
prov/cxi/src/cxip_ctrl.c:374

1:11

cxip_ep_ctrl_eq_progress
prov/cxi/src/cxip_ctrl.c:318

3:[106,149,201]

cxip_ep_ctrl_progress_locked
prov/cxi/src/cxip_ctrl.c:373

3:[278,313,462]

cxip_ep_ctrl_eq_progress
prov/cxi/src/cxip_ctrl.c:312

1:474

cxip_ep_tx_ctrl_progress_locked
prov/cxi/src/cxip_ctrl.c:356

1:11

cxi_eq_peek_event
/usr/include/cxi_prov_hw.h:1539

3:[106,149,201]

cxip_ep_ctrl_eq_progress
prov/cxi/src/cxip_ctrl.c:318

3:[278,313,462]

cxi_eq_peek_event
/usr/include/cxi_prov_hw.h:1539

3:[278,313,462]

cxip_evtq_progress
prov/cxi/src/cxip_evtq.c:434

1:231

cxip_evtq_progress
prov/cxi/src/cxip_evtq.c:383

1:288

cxip_evtq_progress
prov/cxi/src/cxip_evtq.c:383

1:272

cxip_evtq_progress
prov/cxi/src/cxip_evtq.c:394

1:423

ofi_genlock_lock
./include/ofi_lock.h:359

1:419

ofi_genlock_unlock
./include/ofi_lock.h:364

1:142

MPID_ST_progress_queue
/opt/cray/pe/lib64/libmpi_gnu_123.so.12

1:31

ofi_cq_readfrom
prov/util/src/util_cq.c:232

5:[57,347,384,485,499]

MPIDI_SHMI_progress
/opt/cray/pe/lib64/libmpi_gnu_123.so.12

1:229

ofi_cq_read
prov/util/src/util_cq.c:286

1:501

cxip_util_cq_progress
prov/cxi/src/cxip_cq.c:112

3:[57,384,499]

cxip_util_cq_progress
prov/cxi/src/cxip_cq.c:110

2:[347,485]

cxip_ep_progress
prov/cxi/src/cxip_ep.c:184

2:[57,499]

cxip_ep_progress
prov/cxi/src/cxip_ep.c:185

1:384

cxip_evtq_progress
prov/cxi/src/cxip_evtq.c:394

1:57

cxip_evtq_progress
prov/cxi/src/cxip_evtq.c:383

1:499

cxip_evtq_progress
prov/cxi/src/cxip_evtq.c:394

1:384

charge_sum_and_gyroaverage
/pscratch/sd/k/khuck/XGC-Devel/XGC_core/cpp/charge_sum_and_gyroaverage.cpp:479

441:[1-10,12-17,19-28,30...

calculate_density_field
/pscratch/sd/k/khuck/XGC-Devel/XGC_core/cpp/charge_sum_and_gyroaverage.cpp:288

441:[1-10,12-17,19-28,30...

checkpoint
/pscratch/sd/k/khuck/XGC-Devel/XGC_core/cpp/checkpoint.cpp:29

432:[1-10,12-17,19-28,30...

reduce_and_normalize_rho0_field
/pscratch/sd/k/khuck/XGC-Devel/XGC_core/cpp/charge_sum_and_gyroaverage.cpp:184

9:[66,186,206,290,304,...

PMPI_Barrier
/opt/cray/pe/lib64/libmpi_gnu_123.so.12

432:[1-10,12-17,19-28,30...

MPIR_CRAY_Barrier
/opt/cray/pe/lib64/libmpi_gnu_123.so.12

432:[1-10,12-17,19-28,30...

MPIDI_Cray_shared_mem_coll_bcast
/opt/cray/pe/lib64/libmpi_gnu_123.so.12

336:[1-2,4,6-7,9,12,14-1...

MPIR_Barrier_impl
/opt/cray/pe/lib64/libmpi_gnu_123.so.12

96:[3,5,8,10,13,42,45,5...

ofi_cq_readfrom
prov/util/src/util_cq.c:232

35:[2,49,55,71,82,105,1...

ofi_cq_readfrom
prov/util/src/util_cq.c:234

2:[35,408]

MPIDI_CRAY_Common_lmt_progress
/opt/cray/pe/lib64/libmpi_gnu_123.so.12

4:[96,261,397,446]

ofi_cq_read
prov/util/src/util_cq.c:286

3:[107,382,437]

MPID_ST_progress_queue
/opt/cray/pe/lib64/libmpi_gnu_123.so.12

2:[130,417]

MPIDI_SHMI_progress
/opt/cray/pe/lib64/libmpi_gnu_123.so.12

3:[161,409,502]

ofi_cq_readfrom
prov/util/src/util_cq.c:229

1:226

ofi_cq_readfrom
prov/util/src/util_cq.c:233

1:245

ofi_cq_readfrom
prov/util/src/util_cq.c:221

1:447

cxip_util_cq_progress
prov/cxi/src/cxip_cq.c:112

31:[2,49,55,71,82,105,1...

cxip_util_cq_progress
prov/cxi/src/cxip_cq.c:110

2:[198,335]

cxip_util_cq_progress
prov/cxi/src/cxip_cq.c:109

1:264

cxip_ep_progress
prov/cxi/src/cxip_ep.c:186

7:[2,55,153,211,330,45...

cxip_ep_progress
prov/cxi/src/cxip_ep.c:185

16:[49,82,105,110,158,1...

cxip_ep_progress
prov/cxi/src/cxip_ep.c:184

6:[71,123,221,315,440,...

ofi_mutex_unlock_noop
src/common.c:996

1:338

cxip_ep_progress
prov/cxi/src/cxip_ep.c:181

1:503

cxip_ep_ctrl_eq_progress
prov/cxi/src/cxip_ctrl.c:318

3:[2,55,211]

cxip_ep_ctrl_progress_locked
prov/cxi/src/cxip_ctrl.c:373

2:[153,455]

cxip_ep_ctrl_progress_locked
prov/cxi/src/cxip_ctrl.c:374

1:330

cxip_ep_ctrl_eq_progress
prov/cxi/src/cxip_ctrl.c:312

1:470

cxi_eq_peek_event
/usr/include/cxi_prov_hw.h:1539

3:[2,55,211]

cxip_ep_ctrl_eq_progress
prov/cxi/src/cxip_ctrl.c:347

1:455

cxip_ep_tx_ctrl_progress_locked
prov/cxi/src/cxip_ctrl.c:356

1:330

cxip_evtq_progress
prov/cxi/src/cxip_evtq.c:394

14:[49,82,105,158,170,1...

cxip_evtq_progress
prov/cxi/src/cxip_evtq.c:388

2:[110,333]

cxip_evtq_progress
prov/cxi/src/cxip_evtq.c:383

1:71

cxip_evtq_progress
prov/cxi/src/cxip_evtq.c:394

4:[123,221,315,440]

ofi_genlock_lock
./include/ofi_lock.h:359

1:264

ofi_genlock_lock
./include/ofi_lock.h:359

1:226

ofi_mutex_lock_noop
./include/ofi_lock.h:295

1:226

ofi_genlock_lock
./include/ofi_lock.h:359

1:245

ofi_mutex_lock_noop
./include/ofi_lock.h:295

1:245

MPIR_Barrier_intra_auto
/opt/cray/pe/lib64/libmpi_gnu_123.so.12

96:[3,5,8,10,13,42,45,5...

MPIR_Barrier_intra_dissemination
/opt/cray/pe/lib64/libmpi_gnu_123.so.12

96:[3,5,8,10,13,42,45,5...

MPIC_Sendrecv
/opt/cray/pe/lib64/libmpi_gnu_123.so.12

96:[3,5,8,10,13,42,45,5...

MPIC_Wait
/opt/cray/pe/lib64/libmpi_gnu_123.so.12

96:[3,5,8,10,13,42,45,5...

MPIR_Wait_impl
/opt/cray/pe/lib64/libmpi_gnu_123.so.12

96:[3,5,8,10,13,42,45,5...

ofi_cq_readfrom
prov/util/src/util_cq.c:232

47:[3,5,13,42,45,50,52,...

MPID_ST_progress_queue
/opt/cray/pe/lib64/libmpi_gnu_123.so.12

5:[8,10,74,111,354]

MPIDI_CRAY_Common_lmt_progress
/opt/cray/pe/lib64/libmpi_gnu_123.so.12

4:[59,210,286,441]

ofi_cq_readfrom
prov/util/src/util_cq.c:280

1:60

MPIDI_SHMI_progress
/opt/cray/pe/lib64/libmpi_gnu_123.so.12

5:[109,205,236,308,469...

ofi_cq_read
prov/util/src/util_cq.c:286

5:[116,217,299,359,464...

ofi_cq_readfrom
prov/util/src/util_cq.c:234

5:[118,151,366,445,473...

ofi_cq_readfrom
prov/util/src/util_cq.c:231

3:[157,209,434]

ofi_cq_readfrom
prov/util/src/util_cq.c:221

1:238

ofi_cq_readfrom
prov/util/src/util_cq.c:230

1:319

ofi_cq_readfrom
prov/util/src/util_cq.c:229

2:[349,486]

ofi_cq_readfrom
prov/util/src/util_cq.c:233

2:[356,484]

ofi_cq_readfrom
prov/util/src/util_cq.c:282

2:[391,475]

cxip_util_cq_progress
prov/cxi/src/cxip_cq.c:112

38:[3,13,42,45,50,52,54...

cxip_util_cq_progress
prov/cxi/src/cxip_cq.c:109

3:[5,146,407]

cxip_util_cq_progress
prov/cxi/src/cxip_cq.c:104

1:207

cxip_util_cq_progress
prov/cxi/src/cxip_cq.c:110

2:[283,377]

cxip_ep_progress
prov/cxi/src/cxip_ep.c:184

15:[3,45,54,67,70,140,2...

cxip_ep_progress
prov/cxi/src/cxip_ep.c:186

13:[13,50,52,154,194,20...

cxip_ep_progress
prov/cxi/src/cxip_ep.c:185

6:[42,68,120,292,302,3...

cxip_ep_progress
prov/cxi/src/cxip_ep.c:187

1:121

cxip_ep_progress
prov/cxi/src/cxip_ep.c:181

2:[137,214]

cxip_ep_progress
prov/cxi/src/cxip_ep.c:183

1:251

cxip_evtq_progress
prov/cxi/src/cxip_evtq.c:394

7:[3,45,67,140,370,394...

cxip_evtq_progress
prov/cxi/src/cxip_evtq.c:396

2:[54,401]

cxip_evtq_progress
prov/cxi/src/cxip_evtq.c:388

1:70

cxip_evtq_progress
prov/cxi/src/cxip_evtq.c:434

3:[212,340,395]

cxip_evtq_progress
prov/cxi/src/cxip_evtq.c:383

1:345

cxi_eq_peek_event
/usr/include/cxi_prov_hw.h:1539

2:[54,401]

cxip_ep_ctrl_eq_progress
prov/cxi/src/cxip_ctrl.c:318

2:[13,154]

cxip_ep_ctrl_progress_locked
prov/cxi/src/cxip_ctrl.c:373

10:[50,194,203,242,298,...

cxip_ep_ctrl_eq_progress
prov/cxi/src/cxip_ctrl.c:312

1:52

cxi_eq_peek_event
/usr/include/cxi_prov_hw.h:1539

2:[13,154]

cxip_ep_ctrl_eq_progress
prov/cxi/src/cxip_ctrl.c:318

9:[50,203,242,298,309,...

cxip_ep_ctrl_eq_progress
prov/cxi/src/cxip_ctrl.c:347

1:194

cxi_eq_peek_event
/usr/include/cxi_prov_hw.h:1539

9:[50,203,242,298,309,...

cxip_evtq_progress
prov/cxi/src/cxip_evtq.c:394

3:[42,292,383]

cxip_evtq_progress
prov/cxi/src/cxip_evtq.c:434

2:[68,120]

cxip_evtq_progress
prov/cxi/src/cxip_evtq.c:396

1:302

cxi_eq_peek_event
/usr/include/cxi_prov_hw.h:1539

1:302

ofi_genlock_unlock
./include/ofi_lock.h:364

1:121

ofi_genlock_lock
./include/ofi_lock.h:359

1:251

ofi_genlock_lock
./include/ofi_lock.h:359

3:[5,146,407]

ofi_mutex_lock_noop
./include/ofi_lock.h:295

1:5

ofi_genlock_unlock
./include/ofi_lock.h:364

1:60

ofi_genlock_unlock
./include/ofi_lock.h:364

3:[157,209,434]

ofi_mutex_unlock_noop
src/common.c:996

2:[209,434]

ofi_genlock_lock
./include/ofi_lock.h:359

2:[349,486]

ofi_genlock_lock
./include/ofi_lock.h:359

2:[356,484]

ofi_mutex_lock_noop
./include/ofi_lock.h:295

2:[356,484]

PMPI_Reduce
/opt/cray/pe/lib64/libmpi_gnu_123.so.12

9:[66,186,206,290,304,...

MPIR_Reduce
/opt/cray/pe/lib64/libmpi_gnu_123.so.12

9:[66,186,206,290,304,...

MPIR_Reduce_intra_reduce_scatter_gather
/opt/cray/pe/lib64/libmpi_gnu_123.so.12

9:[66,186,206,290,304,...

MPIC_Sendrecv
/opt/cray/pe/lib64/libmpi_gnu_123.so.12

9:[66,186,206,290,304,...

MPIC_Wait
/opt/cray/pe/lib64/libmpi_gnu_123.so.12

9:[66,186,206,290,304,...

MPIR_Wait_impl
/opt/cray/pe/lib64/libmpi_gnu_123.so.12

9:[66,186,206,290,304,...

ofi_cq_readfrom
prov/util/src/util_cq.c:233

1:66

ofi_cq_readfrom
prov/util/src/util_cq.c:280

1:186

ofi_cq_readfrom
prov/util/src/util_cq.c:232

4:[206,430,452,460]

MPIDI_SHMI_progress
/opt/cray/pe/lib64/libmpi_gnu_123.so.12

2:[304,412]

ofi_genlock_lock
./include/ofi_lock.h:359

1:66

ofi_mutex_lock_noop
./include/ofi_lock.h:295

1:66

ofi_genlock_unlock
./include/ofi_lock.h:364

1:186

cxip_util_cq_progress
prov/cxi/src/cxip_cq.c:112

4:[206,430,452,460]

cxip_ep_progress
prov/cxi/src/cxip_ep.c:183

1:206

cxip_ep_progress
prov/cxi/src/cxip_ep.c:186

2:[430,460]

cxip_ep_progress
prov/cxi/src/cxip_ep.c:184

1:452

ofi_genlock_lock
./include/ofi_lock.h:359

1:206

cxip_ep_ctrl_progress_locked
prov/cxi/src/cxip_ctrl.c:373

1:430

cxip_ep_ctrl_eq_progress
prov/cxi/src/cxip_ctrl.c:318

1:460

cxi_eq_peek_event
/usr/include/cxi_prov_hw.h:1539

1:460

cxip_evtq_progress
prov/cxi/src/cxip_evtq.c:394

1:452

Vampir: https://vampir.eu

MPI Communication Matrix

Profile view

3D Profile view

Vampir trace viewer

Heterogeneous High Performance Computing (HPC) systems are highly 
specialized, complex, powerful, and expensive systems. Efficient utilization of 
these systems requires monitoring tools to confirm that users have configured 
their jobs, workflows, and applications correctly to consume the limited 
allocations they have been awarded. Historically system monitoring tools are 
designed for – and only available to – system administrators and facilities 
personnel to ensure that the system is healthy, utilized, and operating within 
acceptable parameters. However, there is a demand for user space monitoring 
capabilities to address the configuration validation and optimization problem. We 
developed a prototype tool, ZeroSum, designed to provide user space monitoring 
of application processes, lightweight processes (threads), and hardware 
resources on heterogeneous, distributed HPC systems.

PerfStubs is a “frictionless” instrumentation library and provides a plugin interface 
for performance tools. It can be disabled at configuration or run time, and it is 
integrated into several libraries as a git submodule: CAMTIMERS, PETSc, 
Ginkgo, ADIOS2. Provides runtime integration with TAU & APEX.
TaskStubs is a similarly designed instrumentation library for asynchronous 
tasking runtimes. We are working on integration with several libraries as a git 
submodule: IRIS, PaRSEC, StarPU. Provides runtime integration with APEX.
Python updates: Python 3.12 introduced a new, low-overhead tracing callback 
interface, PerfStubs is being extended to support it, provide PyTorch, Spark, and 
TensorFlow support, and have backwards compatibility for older runtime versions.

APEX MAIN
calls: 1.0
threads: 1.0
time: 50.868457882

int apex_preload_main(int, char **, char **)
calls: 1.0
threads: 0.0
time: 50.868457882

IRIS_MAIN
calls: 1.0
threads: 1.0
time: 50.657126605

Initialize-0 (default)
calls: 1.0
threads: 1.0
time: 0.227687992

getrf-step-0-tile-0-0 (default)
calls: 1.0
threads: 2.0
time: 0.421422058

laris_lu_dgemm (sdq)
calls: 1.0
threads: 2.0
time: 12.868355418

Init
calls: 1.0
threads: 1.0
time: 0.227302391

Kernel
calls: 1.0
threads: 1.0
time: 0.406423723

getrf-step-0-tile-0-0-auto-flushed-out (default)
calls: 1.0
threads: 2.0
time: 0.000219777

getrf-step-0-tile-0-0-flush-out (default)
calls: 1.0
threads: 2.0
time: 0.000117309

trsm-left-step-0-tile-0-1 (default)
calls: 1.0
threads: 2.0
time: 0.054254333

trsm-top-step-0-tile-1-0 (default)
calls: 1.0
threads: 2.0
time: 0.511280806

Graph (default)
calls: 1.0
threads: 2.0
time: 7.6767e-05

MemFlush
calls: 1.0
threads: 1.0
time: 7.0432e-05

MemFlush
calls: 1.0
threads: 1.0
time: 5.955e-06

Kernel
calls: 1.0
threads: 1.0
time: 0.002163022

trsm-left-step-0-tile-0-1-auto-flushed-out (default)
calls: 1.0
threads: 2.0
time: 0.000189766

trsm-left-step-0-tile-0-1-flush-out (default)
calls: 1.0
threads: 2.0
time: 6.3884e-05

gemm-step-0-tile-1-1 (default)
calls: 1.0
threads: 2.0
time: 0.005103812

Kernel
calls: 1.0
threads: 1.0
time: 0.440096726

trsm-top-step-0-tile-1-0-auto-flushed-out (default)
calls: 1.0
threads: 2.0
time: 0.000135691

trsm-top-step-0-tile-1-0-flush-out (default)
calls: 1.0
threads: 2.0
time: 6.3377e-05

MemFlush
calls: 1.0
threads: 1.0
time: 3.6449e-05

MemFlush
calls: 1.0
threads: 1.0
time: 5.443e-06

MemFlush
calls: 1.0
threads: 1.0
time: 2.9708e-05

MemFlush
calls: 1.0
threads: 1.0
time: 5.43e-06

Kernel
calls: 1.0
threads: 1.0
time: 7.9034e-05

getrf-step-1-tile-1-1 (default)
calls: 1.0
threads: 2.0
time: 0.656175584

Kernel
calls: 1.0
threads: 1.0
time: 0.656043792

getrf-step-1-tile-1-1-auto-flushed-out (default)
calls: 1.0
threads: 2.0
time: 0.000196988

getrf-step-1-tile-1-1-flush-out (default)
calls: 1.0
threads: 2.0
time: 6.6964e-05

MemFlush
calls: 1.0
threads: 1.0
time: 3.7257e-05

MemFlush
calls: 1.0
threads: 1.0
time: 5.714e-06

Kernel
calls: 1.0
threads: 1.0
time: 0.000145662

MemFlush
calls: 1.0
threads: 1.0
time: 5.577667683

laris_lu_dgemm-auto-flushed-out (default)
calls: 1.0
threads: 1.0
time: 6.5542e-05

Graph (default)
calls: 1.0
threads: 1.0
time: 1.362e-05

MemFlush
calls: 1.0
threads: 1.0
time: 8.374e-06

miniQMC time distributions executed 10 times using one OpenMP thread 
per core (left). In this comparison, the distribution of times with ZeroSum
is noisier, but there is no significant observation of measurable overhead. 
The right figure shows the time distributions using two OpenMP threads 
per core. In this comparison, the distribution of times with ZeroSum is 
both noisier and longer tailed, and does show an observation of 
overhead, averaging about 0.2752 seconds, or 0.5%.

Three different configurations of miniQMC on Frontier, using 8 MPI ranks and 7 OpenMP threads per rank, 8 cores reserved 
for the system. The first launch is with without specifying the number of cores per process to srun, the second launch does 
specify the core count but doesn’t use OpenMP binding settings. The third launch binds the threads to cores in a spread 
configuration. The nvctx value represents the number of non-voluntary context switches, and ctx represents the number of 
voluntary context switches (yields). By using the correct srun configuration settings and the correct OpenMP binding, thread 
contention is reduced and performance is improved overall.

Deadlock detection example, when running XGC on Perlmutter with 512 MPI ranks. A code change 
created a ”corner case” deadlock possibility where an MPI rank could skip a function call 
containing an MPI collective as an optimization. Unfortunately, the other MPI ranks in that 
communicator waited at the MPI call for ranks that were never going to arrive. ZeroSum detected 
this deadlock, and automatically gathered a stack trace for all ranks, and Python post-processing 
visualized where the two code paths diverged.

Left example: APEX profile output 
from the XGC Fusion simulation 
running on Fronter. CAMTIMERS 
events are passed to TAU and APEX 
through PerfStubs, and the profile 
includes measurement support 
provided by TAU/APEX including 
Kokkos, MPI, HIP API calls and 
asynchronous GPU activity. 

Integration example: APEX measurement of the IRIS runtime executing an 
LU factorization with the MatRIS library. In addition to the IRIS tasks and 
commands, APEX can measure the back-end activity on either CPU or GPU, 
including the OpenMP and CUDA/HIP/SYCL kernels and data transfers.

https://tau.uoregon.edu/
https://github.com/UO-OACISS/apex
https://github.com/UO-OACISS/zerosum
https://github.com/UO-OACISS/perfstubs
https://github.com/khuck/taskStubs
https://vampir.eu/

