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Autonomic Performance Environment for Exascale (APEX)

§ Autonomic Performance Environment for eXascale
§ Performance Measurement
§ Runtime Adaptation
§ Designed for AMT runtimes (HPX)

– but works with conventional parallel models
§ Focus on task dependency graph, not calling context graph
§ Supports HPX, C/C++ threads, OpenMP, OpenACC, Kokkos, Raja, CUDA, HIP, SYCL, 

StarPU... Working on PARSEc, YAKL, Iris
§ https://github.com/UO-OACISS/apex and https://github.com/khuck/apex-tutorial
§ Active Harmony* (Nelder Mead), simulated annealing, genetic search, hill climbing for 

parametric search methods, as well as exhaustive and random
https://doi.org/10.1109/ESPM256814.2022.00008 : “Broad Performance Measurement 
Support for Asynchronous Multi-Tasking with APEX”, Huck, ESPM, 2022

https://github.com/UO-OACISS/apex
https://github.com/khuck/apex-tutorial
https://doi.org/10.1109/ESPM256814.2022.00008


3

APEX example – Octo-Tiger (Octree astrophysics in HPX, Kokkos)

Comparing subgrid sizes and relative kernel 
performance with CUPTI device activity

Tracking GPU memory usage with CUPTI

Monitoring GPU utilization with NVML library

Full task tree (above) and task graph 
(below) showing task dependencies

https://github.com/STEllAR-GROUP/octotiger 
https://github.com/STEllAR-GROUP/hpx 

https://github.com/STEllAR-GROUP/octotiger
https://github.com/STEllAR-GROUP/hpx
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Kokkos Lulesh and APEX Tracing – OpenMP, CUDA, HIP back ends

CUDA 

HIP 

OpenMP 

Trace visualization in Perfetto https://ui.perfetto.dev/ 

Kokkos Lulesh: https://github.com/kokkos/kokkos-miniapps 

https://ui.perfetto.dev/
https://github.com/kokkos/kokkos-miniapps
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Kokkos Runtime Tuning Support in APEX

§ APEX implements the same profiling API that TAU does, and…
§ APEX provides auto-tuning (search) support
§ Kokkos provides the ability to auto-tune with (at Cmake configuration time):
 -DKokkos_ENABLE_TUNING=ON
§ Automatically provides input and context variables for parallel_for, parallel_reduce, 

parallel_scan, parallel_copy.
– TeamPolicy: team size and vector length
– MDRangePolicy: X, Y tile sizes (Z stays constant)
– RangePolicy*: block size, occupancy

§ Custom tuning also available – see https://github.com/khuck/apex-kokkos-tuning for 
examples like mm2d_tiling.cpp and idk_jmm.cpp
*(in a long-dormant development fork/branch, a new, updated PR for occupancy tuning has passed all tests and will 
be merged soon…would be nice to have because many kernels use RangePolicy)

Provides an alternative to
“heuristic” parameter choices

https://github.com/khuck/apex-kokkos-tuning


6

APEX Autotuning of ExaMiniMD Neighbor2D::fill_neigh_list_full kernel

Exploring team sizes

Exploring vector lengths

Response (time)

Baseline 17.4972s

Tuning 17.7294s

Tuned 17.3790s

Much more promising 
results in the apex-

kokkos-tuning repository 

Only one kernel is 
TeamPolicy in ExaMiniMD 
– all of the rest of the 
kernels are Range 
policies…
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TaskStubs

§ TaskStubs is a “frictionless” instrumentation library for tasking systems
– https://github.com/khuck/taskStubs 
– One source file, three headers
– Provides a plugin interface for performance tools
– Can be compiled away if desired
– Related to PerfStubs: https://github.com/UO-OACISS/perfstubs 

§ Integrating into several libraries as a git submodule
– Iris
– PARSEc
– StarPU

§ Provides runtime integration with APEX

https://github.com/khuck/taskStubs
https://github.com/UO-OACISS/perfstubs
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Integration into Iris

§ ProfilerTaskStubs class, derived from iris::rt::Profiler
§ Task lifecycle: 

– Construct
– Schedule
– Start
– Yield
– Resume
– Stop
– Destroy
– Add children
– Add parents 
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Iris example: saxpy with APEX, pthread support enabled

APEX MAIN
calls: 1.0
threads: 1.0
time: 0.371589435

Main Thread: APEX Pthread Wrapper
calls: 1.0
threads: 1.0
time: 0.371193313

pthread_create
calls: 1.0
threads: 1.0
time: 0.000299274

pthread_detach
calls: 1.0
threads: 1.0
time: 1.127e-06

int apex_preload_main(int, char **, char **)
calls: 1.0
threads: 1.0
time: 0.344756589

Initialize-0
calls: 1.0
threads: 1.0
time: 0.285748307

Initialize-1
calls: 1.0
threads: 1.0
time: 0.278722538

Initialize-2
calls: 1.0
threads: 1.0
time: 0.282820454

pthread_create
calls: 5.0
threads: 1.0
time: 0.001102613

saxpy
calls: 1.0
threads: 1.0
time: 0.000446705

pthread_create
calls: 1.0
threads: 1.0
time: 0.00013336

OS Thread: APEX pthread wrapper
calls: 1.0
threads: 1.0
time: 0.281057652

addr=<0x00007FFFEA62FCF0>
calls: 1.0
threads: 1.0
time: 0.277170526

pthread_create
calls: 1.0
threads: 1.0
time: 0.000177651

OS Thread: APEX pthread wrapper
calls: 1.0
threads: 1.0
time: 0.285664991

addr=<0x00007FFFEA62FCF0>
calls: 1.0
threads: 1.0
time: 0.285641417

pthread_create
calls: 1.0
threads: 1.0
time: 0.00017692

OS Thread: APEX pthread wrapper
calls: 1.0
threads: 1.0
time: 0.285689898

addr=<0x00007FFFEA62FCF0>
calls: 1.0
threads: 1.0
time: 0.285668744

OS Thread: APEX pthread wrapper
calls: 5.0
threads: 5.0
time: 1.593048842

addr=<0x00007FFFEA62FCF0>
calls: 1.0
threads: 1.0
time: 0.338337281

iris::rt::Thread::ThreadFunc(void*)
calls: 4.0
threads: 4.0
time: 1.23238618

OS Thread: APEX pthread wrapper
calls: 1.0
threads: 1.0
time: 0.371425061

addr=<0x00007FFFF67A7B10>
calls: 1.0
threads: 1.0
time: 0.371268493

Iris tasks (internal, user)
pthread API functions
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Iris example: saxpy with APEX, pthread and CUDA support enabled

APEX MAIN
calls: 1.0
threads: 1.0
time: 0.362548261

Main Thread: APEX Pthread Wrapper
calls: 1.0
threads: 1.0
time: 0.362390782

pthread_create
calls: 1.0
threads: 1.0
time: 7.3015e-05

pthread_detach
calls: 1.0
threads: 1.0
time: 1.27e-06

pthread_join
calls: 2.0
threads: 1.0
time: 0.010460517

int apex_preload_main(int, char **, char **)
calls: 1.0
threads: 1.0
time: 0.322265828

pthread_create
calls: 1.0
threads: 1.0
time: 5.2516e-05

Initialize-0
calls: 1.0
threads: 1.0
time: 0.290856984

Initialize-1
calls: 1.0
threads: 1.0
time: 0.289823756

Initialize-2
calls: 1.0
threads: 1.0
time: 0.259605081

cuDeviceGet
calls: 3.0
threads: 1.0
time: 4.396e-06

cuDeviceGetAttribute
calls: 30.0
threads: 1.0
time: 4.8826e-05

cuDeviceGetCount
calls: 1.0
threads: 1.0
time: 2.3403e-05

cuDeviceGetName
calls: 3.0
threads: 1.0
time: 1.6206e-05

cuDriverGetVersion
calls: 3.0
threads: 1.0
time: 4.966e-06

pthread_create
calls: 6.0
threads: 1.0
time: 0.00025381

saxpy
calls: 1.0
threads: 1.0
time: 0.000653913

cuCtxCreate_v2
calls: 1.0
threads: 1.0
time: 0.282388054

cuDeviceGet
calls: 3.0
threads: 1.0
time: 8.501e-06

cuDeviceGetAttribute
calls: 294.0
threads: 1.0
time: 0.00299292

cuDeviceGetCount
calls: 1.0
threads: 1.0
time: 1.58e-06

cuDeviceGetName
calls: 3.0
threads: 1.0
time: 1.8316e-05

cuDeviceGetUuid
calls: 3.0
threads: 1.0
time: 3.796e-06

cuDeviceTotalMem_v2
calls: 3.0
threads: 1.0
time: 4.826e-06

cuDriverGetVersion
calls: 1.0
threads: 1.0
time: 1.487e-06

cuGetProcAddress
calls: 384.0
threads: 1.0
time: 0.000620229

cuInit
calls: 1.0
threads: 1.0
time: 2.139e-06

cuMemAlloc_v2
calls: 1.0
threads: 1.0
time: 0.000165164

cuMemcpyHtoD_v2
calls: 1.0
threads: 1.0
time: 1.5596e-05

cuModuleGetLoadingMode
calls: 1.0
threads: 1.0
time: 1.553e-06

cuModuleLoad
calls: 1.0
threads: 1.0
time: 0.000994031

cudaSetDevice
calls: 1.0
threads: 1.0
time: 2.664e-05

pthread_create
calls: 1.0
threads: 1.0
time: 4.6248e-05

OS Thread: APEX pthread wrapper
calls: 1.0
threads: 1.0
time: 0.27600747

addr=<0x00007F8B9A1FCCF0>
calls: 1.0
threads: 1.0
time: 0.274350036

GPU: Memcpy HtoD
calls: 1.0
threads: 1.0
time: 2.016e-06

cuCtxSetCurrent
calls: 1.0
threads: 1.0
time: 2.595e-06

cuCtxCreate_v2
calls: 1.0
threads: 1.0
time: 0.280206958

cuMemAlloc_v2
calls: 1.0
threads: 1.0
time: 0.000195944

cuMemcpyHtoD_v2
calls: 1.0
threads: 1.0
time: 2.0616e-05

cuModuleLoad
calls: 1.0
threads: 1.0
time: 0.001774365

cudaSetDevice
calls: 1.0
threads: 1.0
time: 3.4818e-05

pthread_create
calls: 1.0
threads: 1.0
time: 0.000439414

OS Thread: APEX pthread wrapper
calls: 1.0
threads: 1.0
time: 0.28616896

addr=<0x00007F8B9A1FCCF0>
calls: 1.0
threads: 1.0
time: 0.286157555

GPU: Memcpy HtoD
calls: 1.0
threads: 1.0
time: 1.76e-06

cuCtxSetCurrent
calls: 1.0
threads: 1.0
time: 6.622e-06

cuCtxCreate_v2
calls: 1.0
threads: 1.0
time: 0.24784327

cuMemAlloc_v2
calls: 1.0
threads: 1.0
time: 0.000484276

cuMemcpyHtoD_v2
calls: 1.0
threads: 1.0
time: 0.000532658

cuModuleLoad
calls: 1.0
threads: 1.0
time: 0.003061195

cudaSetDevice
calls: 1.0
threads: 1.0
time: 2.9024e-05

pthread_create
calls: 1.0
threads: 1.0
time: 4.6064e-05

OS Thread: APEX pthread wrapper
calls: 1.0
threads: 1.0
time: 0.286258555

addr=<0x00007F8B9A1FCCF0>
calls: 1.0
threads: 1.0
time: 0.286248426

GPU: Memcpy HtoD
calls: 1.0
threads: 1.0
time: 1.536e-06

cuCtxSetCurrent
calls: 1.0
threads: 1.0
time: 3.278e-06

OS Thread: APEX pthread wrapper
calls: 7.0
threads: 6.0
time: 4.257947602

addr=<0x00007F8B9A1FCCF0>
calls: 1.0
threads: 1.0
time: 0.344291787

addr=<0x00007F8B9F00C320>
calls: 2.0
threads: 1.0
time: 2.648478034

iris::rt::Thread::ThreadFunc(void*)
calls: 4.0
threads: 4.0
time: 1.24263767

cuCtxSynchronize
calls: 3.0
threads: 3.0
time: 3.0031e-05

GPU: Context Synchronize
calls: 3.0
threads: 1.0
time: 1.8282e-05

cuLaunchKernel
calls: 1.0
threads: 1.0
time: 3.2976e-05

cuMemAlloc_v2
calls: 3.0
threads: 1.0
time: 0.000187636

cuMemFree_v2
calls: 1.0
threads: 1.0
time: 0.000141886

cuMemcpyDtoH_v2
calls: 1.0
threads: 1.0
time: 2.4998e-05

cuMemcpyHtoD_v2
calls: 2.0
threads: 1.0
time: 2.2127e-05

cuModuleGetFunction
calls: 2.0
threads: 1.0
time: 2.579e-05

cuStreamSynchronize
calls: 1.0
threads: 1.0
time: 4.874e-06

GPU: saxpy
calls: 1.0
threads: 1.0
time: 3.328e-06

GPU: Memcpy DtoH
calls: 1.0
threads: 1.0
time: 2.08e-06

GPU: Memcpy HtoD
calls: 2.0
threads: 1.0
time: 2.752e-06

GPU: Stream Synchronize
calls: 1.0
threads: 1.0
time: 3.095e-06

OS Thread: APEX pthread wrapper
calls: 2.0
threads: 1.0
time: 2.709799962

addr=<0x00007F8B9F00C320>
calls: 2.0
threads: 1.0
time: 2.709765853

OS Thread: APEX pthread wrapper
calls: 1.0
threads: 1.0
time: 0.361462743

addr=<0x00007F8BA2537B10>
calls: 1.0
threads: 1.0
time: 0.361166582

APEX MAIN
calls: 1.0
threads: 1.0
time: 0.362548261

Main Thread: APEX Pthread Wrapper
calls: 1.0
threads: 1.0
time: 0.362390782

pthread_create
calls: 1.0
threads: 1.0
time: 7.3015e-05

pthread_detach
calls: 1.0
threads: 1.0
time: 1.27e-06

pthread_join
calls: 2.0
threads: 1.0
time: 0.010460517

int apex_preload_main(int, char **, char **)
calls: 1.0
threads: 1.0
time: 0.322265828

pthread_create
calls: 1.0
threads: 1.0
time: 5.2516e-05

Initialize-0
calls: 1.0
threads: 1.0
time: 0.290856984

Initialize-1
calls: 1.0
threads: 1.0
time: 0.289823756

Initialize-2
calls: 1.0
threads: 1.0
time: 0.259605081

cuDeviceGet
calls: 3.0
threads: 1.0
time: 4.396e-06

cuDeviceGetAttribute
calls: 30.0
threads: 1.0
time: 4.8826e-05

cuDeviceGetCount
calls: 1.0
threads: 1.0
time: 2.3403e-05

cuDeviceGetName
calls: 3.0
threads: 1.0
time: 1.6206e-05

cuDriverGetVersion
calls: 3.0
threads: 1.0
time: 4.966e-06

pthread_create
calls: 6.0
threads: 1.0
time: 0.00025381

saxpy
calls: 1.0
threads: 1.0
time: 0.000653913

cuCtxCreate_v2
calls: 1.0
threads: 1.0
time: 0.282388054

cuDeviceGet
calls: 3.0
threads: 1.0
time: 8.501e-06

cuDeviceGetAttribute
calls: 294.0
threads: 1.0
time: 0.00299292

cuDeviceGetCount
calls: 1.0
threads: 1.0
time: 1.58e-06

cuDeviceGetName
calls: 3.0
threads: 1.0
time: 1.8316e-05

cuDeviceGetUuid
calls: 3.0
threads: 1.0
time: 3.796e-06

cuDeviceTotalMem_v2
calls: 3.0
threads: 1.0
time: 4.826e-06

cuDriverGetVersion
calls: 1.0
threads: 1.0
time: 1.487e-06

cuGetProcAddress
calls: 384.0
threads: 1.0
time: 0.000620229

cuInit
calls: 1.0
threads: 1.0
time: 2.139e-06

cuMemAlloc_v2
calls: 1.0
threads: 1.0
time: 0.000165164

cuMemcpyHtoD_v2
calls: 1.0
threads: 1.0
time: 1.5596e-05

cuModuleGetLoadingMode
calls: 1.0
threads: 1.0
time: 1.553e-06

cuModuleLoad
calls: 1.0
threads: 1.0
time: 0.000994031

cudaSetDevice
calls: 1.0
threads: 1.0
time: 2.664e-05

pthread_create
calls: 1.0
threads: 1.0
time: 4.6248e-05

OS Thread: APEX pthread wrapper
calls: 1.0
threads: 1.0
time: 0.27600747

addr=<0x00007F8B9A1FCCF0>
calls: 1.0
threads: 1.0
time: 0.274350036

GPU: Memcpy HtoD
calls: 1.0
threads: 1.0
time: 2.016e-06

cuCtxSetCurrent
calls: 1.0
threads: 1.0
time: 2.595e-06

cuCtxCreate_v2
calls: 1.0
threads: 1.0
time: 0.280206958

cuMemAlloc_v2
calls: 1.0
threads: 1.0
time: 0.000195944

cuMemcpyHtoD_v2
calls: 1.0
threads: 1.0
time: 2.0616e-05

cuModuleLoad
calls: 1.0
threads: 1.0
time: 0.001774365

cudaSetDevice
calls: 1.0
threads: 1.0
time: 3.4818e-05

pthread_create
calls: 1.0
threads: 1.0
time: 0.000439414

OS Thread: APEX pthread wrapper
calls: 1.0
threads: 1.0
time: 0.28616896

addr=<0x00007F8B9A1FCCF0>
calls: 1.0
threads: 1.0
time: 0.286157555

GPU: Memcpy HtoD
calls: 1.0
threads: 1.0
time: 1.76e-06

cuCtxSetCurrent
calls: 1.0
threads: 1.0
time: 6.622e-06

cuCtxCreate_v2
calls: 1.0
threads: 1.0
time: 0.24784327

cuMemAlloc_v2
calls: 1.0
threads: 1.0
time: 0.000484276

cuMemcpyHtoD_v2
calls: 1.0
threads: 1.0
time: 0.000532658

cuModuleLoad
calls: 1.0
threads: 1.0
time: 0.003061195

cudaSetDevice
calls: 1.0
threads: 1.0
time: 2.9024e-05

pthread_create
calls: 1.0
threads: 1.0
time: 4.6064e-05

OS Thread: APEX pthread wrapper
calls: 1.0
threads: 1.0
time: 0.286258555

addr=<0x00007F8B9A1FCCF0>
calls: 1.0
threads: 1.0
time: 0.286248426

GPU: Memcpy HtoD
calls: 1.0
threads: 1.0
time: 1.536e-06

cuCtxSetCurrent
calls: 1.0
threads: 1.0
time: 3.278e-06

OS Thread: APEX pthread wrapper
calls: 7.0
threads: 6.0
time: 4.257947602

addr=<0x00007F8B9A1FCCF0>
calls: 1.0
threads: 1.0
time: 0.344291787

addr=<0x00007F8B9F00C320>
calls: 2.0
threads: 1.0
time: 2.648478034

iris::rt::Thread::ThreadFunc(void*)
calls: 4.0
threads: 4.0
time: 1.24263767

cuCtxSynchronize
calls: 3.0
threads: 3.0
time: 3.0031e-05

GPU: Context Synchronize
calls: 3.0
threads: 1.0
time: 1.8282e-05

cuLaunchKernel
calls: 1.0
threads: 1.0
time: 3.2976e-05

cuMemAlloc_v2
calls: 3.0
threads: 1.0
time: 0.000187636

cuMemFree_v2
calls: 1.0
threads: 1.0
time: 0.000141886

cuMemcpyDtoH_v2
calls: 1.0
threads: 1.0
time: 2.4998e-05

cuMemcpyHtoD_v2
calls: 2.0
threads: 1.0
time: 2.2127e-05

cuModuleGetFunction
calls: 2.0
threads: 1.0
time: 2.579e-05

cuStreamSynchronize
calls: 1.0
threads: 1.0
time: 4.874e-06

GPU: saxpy
calls: 1.0
threads: 1.0
time: 3.328e-06

GPU: Memcpy DtoH
calls: 1.0
threads: 1.0
time: 2.08e-06

GPU: Memcpy HtoD
calls: 2.0
threads: 1.0
time: 2.752e-06

GPU: Stream Synchronize
calls: 1.0
threads: 1.0
time: 3.095e-06

OS Thread: APEX pthread wrapper
calls: 2.0
threads: 1.0
time: 2.709799962

addr=<0x00007F8B9F00C320>
calls: 2.0
threads: 1.0
time: 2.709765853

OS Thread: APEX pthread wrapper
calls: 1.0
threads: 1.0
time: 0.361462743

addr=<0x00007F8BA2537B10>
calls: 1.0
threads: 1.0
time: 0.361166582

GPU activity

Iris task



11

Current status

§ Created ProfilerTaskStubs class
§ Integrated into Platform, Task, Worker, Scheduler classes
§ Next steps:

– Add the other (currently) stubbed arguments
– Handle task dependencies across resources correctly
– Additional testing with MatRIS
– Work with Monil on all these items

§ Questions:
– Have I integrated into the right places? (probably not)
– Are there auto-tuning opportunities in Iris? (probably)
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Thanks! Questions?


