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TAU Performance System

= Tuning and Analysis Utilities (29+ year project)
= [Integrated performance toolkit:
— Multi-level performance instrumentation
— Highly configurable
— Widely ported performance profiling / tracing system
— Portable (java, python) visualization / exploration / analysis tools

= Supports all major HPC programming models
=  MPI/SHMEM, OpenMP, OpenACC, CUDA, HIP, SYCL/OneAPI, Kokkos...
= Support for ML/Al frameworks: TensorFlow, pyTorch, Horovod

= Integrated with PAPI, LIKWID for hardware counter support
= https://tau.uoregon.edu or https://github.com/UO-OACISS/tau2 (public mirror)
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https://tau.uoregon.edu/
https://github.com/UO-OACISS/tau2

Performance Measurement

= Timers

— Requires instrumentation of some kind
* Manual, automated
* Source, compiler provided, binary
 Library callbacks, APl wrappers, weak symbol replacement

— Simple to implement

= Sampling
— Requires specialized system libraries / support

* Periodic signals, signal handler
 Call stack unwinding

— No modification to executable/library needed
— Potential to interfere with system support (signal handlers)
— Can mix with timers to generate a hybrid profile
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Profiling and Tracing

ene TAU: ParaProf; mode 0 - $ndd_d10.ppk

Metric: TIME

= Profiling: how much time was spent in each measured =

43640 ] Loop: POINT_SOLVER:-POINT_SOLVE_S [[point_solver.F90] (2757,5}-{2917,19}]
36.231 ] Loop: JACOBIAN_VISCOUS: -EDCEIP [[jacobian_viscous.f90) (440,7)-(1584,22)]
27.473 Loop: FLUX_PERFGAS::ROE_FLUX [{flux_perfgas.f90} {397,51-{597,20)]
19

L] L]
[ — a
? 9.688 [ ] FILL_JACOBIANS::FILL_JACOBIAN [{fill_jacoblans.f50} {19,3)-(341,30})
° 16.273 [mm— PUNS3D_IO_C2N::PUNS3D_READ_VGRID_C2N_SM [{puns3d_io_c2n.f90} {1641,14}]
13.381 [L__] GRADIENT_DRIVER::GRAD_VARIABLE [igradient_driver.f90] (110,3)-(508,301)
0

10.059 fmmm— MP1_W:
9.954 [____| MP1_Reduce)
B.04 [l FLUX_PERFGAS::VISRHS_TET [[flux_perfgas.f90} (3023,14]]

L] L]
l l t h t . - 7.319 [ TURB_SPALART-SA_RESID [[turb_spalart.f90} {219, 14]]
— 3.78 ] FLUX_TURS: TURBULENT_GRADIENTS [{flux_turb.f90} {796,3}-{899,36]]
Collapses the time axis ParaProf profile viewer
3.384 POINT_SOLVER::POINT_SOLVE_1 ({point_solver.F90} {1083,3)-(1206,30]]
1.309 [ TURB_SPALART::EDCE_ASSEMBLY_RES_CONV_DIFF [(turb_spalart.fS0} {S048,14})
1,086 [] MP1_Bcast)

0.977 || TURB_SPALART::EDCE_ASSEMBLY_JAC_CONV_DIFF [{turb_spalart f50} {5209, 14})

L] L] L]
— No ordering or causal event information o |
0.66 | UPDATE_MEAN::UPDATE_Q [{update_mean.FS0} {723,3}-{803,25]]
0.637 | POINT_LU_DOQ::LU_S [[point_lu_dda.90} {1566,3)-(1636,21)]
0.624 | SOLUTION: WREST_INTERLEAF [{solution F90} {3214,141)
0.586 | DUAL_NUMBERING::FMATRIX_TO_GRID [(dual_numbering.f90} {122,3}-1143,32)]
0.565 | GRID_METRICS::DUALMETRIC [igrid_metrics.f50} {2289,3}-(2791,271)

0.524 | TURB_SPALART::SA_JACOB [(turb_spalart.f90} (757,14))

— 0.49 | MP1_Barrier()
0.479 | UPDATE_TURS: UPDATE_VALUES_TURS [{update_turb.f90] (854,3)-(877,35))
b 0.41 | DUAL_NUMBERING::FGRID_TO_MATRIX [{dual_numbering.f30} {94,3)-{115,32})
0.371 | LMPLAPP. SINGLE_START_MATRIX_XFER [{Impi_app.F90) (7907,3}-(8132,41})

0.36 | TURB_SPALART::JACOBIAN_SA [{turb_spalart.f90j} (88,14]]
0.352 | TIMEACC:: TIME_DIAG_NC [(timeacc.f90) (1067, 3}-{1330,29))

execution time - only grows with number of timers & 2 il
threads/processes

0.275 | PPARTY::NODE_CELL_CHOPPER ((pparty.f90) (41,3]-{453,33)]
0.269 | FLUX_UTIL::L2NORM [{flux_util.f90] {31,3}-1249,23]]

TimeLine : Helmsolve_Trace.slog2 <Identity Map>

= Tracing: record all function entry & exit events on a timeline =oogizs o oimee see coe

316712742385 | 316739037714 316803407627 |135.690373 0.0000132552 Row Count|
| Ccumulati.. % TimeLines - 17.0

[ sL06-2

— Detailed view of what happened z
— The longer the program runs, the bigger the trace

-15

JumpShot trace viewer
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TAU Analysis Tools: ParaProf, Vampir

[ ]

TAU: ParaProf: 3D Communication Matrix: lu.comm.ppk

Display Options
Callpath:
All Paths -~
Height Value:
Max message size (bytes) -
Color value:
Message volume (bytes) -~

8
Sender

Receiver

Height value 106080

Color value 3.9996E7

M ColorScale | Render

3.9997E7

W @ show Color...

Font Size

© Rainbow
Inverse Gra...
Blue-White...
7

File Options Windows Help

Metric: TIME e .; R
Value: Exclusive
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File Options Windows Help

TAU: ParaProf: 30 Visualizer: demo ppk

Trlangle Mesh
= Bar Plot
Scatter Plot
Topology Plot
Height Metric
Exclusive ~ |GET_TIME_OF

Color Metric

Exclusive ~ |GET_TIME_OF... ~
AORS.

Function Loop: AORSA2D_STI

Thread 199

Helght 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

Aperture

GL Info
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Vampir: https://vampir.eu
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https://vampir.eu/

Kokkos support in TAU - since February, 2017

= TAU implements the Kokkos Profiling APl (Kokkos Profiling C Interface.h)

= TAU sets an environment variable KOKKOS_TOOLS_LIBS to tell Kokkos that it should
enable profiling and enable function callbacks to the TAU implementations

= TAU implements
— kokkosp [1nit|finalize] library
— kokkosp [begin|end] parallel [for]|scan]|reduce]
— kokkosp [push|pop] profile region

= Names for regions are passed to the tools to provide intelligent labels

* |n addition, TAU also implements support for native Pthreads, OpenMP, OpenACC,
CUDA, HIP, SYCL back-end measurement - no code changes necessary

= Fun fact: if you have a Raja application, and Raja is configured with
-DRAJA ENABLE RUNTIME PLUGINS, Rajaimplements the same callback API!
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TAU Example - Kokkos Lulesh (from kokkos-miniapps)

Metric: TAUGPU_TIME
Value: Exclusive
Units: seconds

5.537 [

2.692

cudaDeviceSynchronize
cudaMallocAsync

1.08 cudaMemcpy
1.005 [ cudaStreamSynchronize
0.806 [ Kokkos::parallel_for Kokkos::View::initialization [_mirror] via memset [type = OpenMP, device = 0]

0.111 [ Kokkos::parallel_for Kokkos::View::initialization [nodeElemCornerList_mirror] via memset [type = OpenMP, device = 0]
0.106 [] cudaLaunchKernel

0.08 [| cudaMemcpyToSymbolAsync
0.078 [ cudaSetDevice [THROTTLED]
0.046 | cudaEventRecord
0.044 | Kokkos::parallel_for CalcEnergyForElems [type = Cuda, device = 0]
0.042 Kokkos::parallel_for EvalEOSForElems A [type = Cuda, device = 0]
0.025 | cudaEventSynchronize
0.018 | Kokkos::parallel_reduce 18__nv_hd|_wrapper_tiLbOELbOE11__nv_dI_tagIPFvR6 DomainiidRdEXadL_ZN72_INTERNAL_50__tmp_tmpxft_00z
0.017 | Kokkos::parallel_reduce 18__nv_hd|_wrapper_tiLbOELbOE11__nv_dI_taglPFvR6DomainiidRdEXadL_ZN72_INTERNAL_50__tmp_tmpxft_00z
0.015 | Kokkos::parallel_for Kokkos:: ::initialization [m_nodeElemStart_mirror] via memset [type = OpenMP, device = 0]
0.015 | Kokkos::parallel_for Kokkos::View::initialization [nodeElemCount] via memset [type = OpenMP, device = 0]
0.014 | Kokkos::parallel_for Kokkos::View::initialization [regElemlist::entries_mirror] via memset [type = OpenMP, device = 0]
0.013 Kokkos::parallel_for CalcMonotonicQRegionForElems [type = Cuda, device = 0]
0.013 | Kokkos::parallel_for EvalEOSForElems F [type = Cuda, device = 0]
0.013 Kokkos::parallel_for CalcSoundSpeedForElems [type = Cuda, device = 0]
0.012 | cudaMemsetAsync

0.01 | cudaMemcpyAsync
0.005 | cudaFuncGetAttributes
0.005 Kokkos::parallel_for Kokkos::View::initialization [] via memset [type = Cuda, device = 0]
0.003 | cudaFreeAsync
0.003 Kokkos::parallel_for Kokkos::ViewCopy-1D [type = Cuda, device = 0]
0.002 Kokkos::parallel_reduce 18__nv_hd|_wrapper_tiLbOELbOE11__nv_dI_tagIPFvR6DomainEXadL_ZN72_INTERNAL_50__tmp_tmpxft_00210cz
0.002 | Kokkos::parallel_reduce 18__nv_hd|_wrapper_tiLbOELbOE11__nv_dI_taglPFvR6DomainEXadL_ZN72_INTERNAL_50__tmp_tmpxft_00210cz
0.002 Kokkos::parallel_reduce 18__nv_hd|_wrapper_tiLbOELbOE11__nv_dl_taglPFvR6DomainPddEXadL_ZN72_INTERNAL_50__tmp_tmpxft_002:
0.002 Kokkos::parallel_reduce 18__nv_hd|_wrapper_tiLbOELbOE11__nv_dl_taglPFvR6DomainEXadL_ZN72_INTERNAL_50__tmp_tmpxft_00210c:
0.002 Kokkos::parallel_for CalcMonotonicQGradientsForElems [type = Cuda, device = 0]
0.002 | Kokkos::parallel_for CalcForceForNodes [type = Cuda, device = 0]
0.002 Kokkos::parallel_for InitStressTermsForElems [type = Cuda, device = 0]
0.002 | Kokkos::parallel_for CalcAccelerationForNodes [type = Cuda, device = 0]
0.001 | Kokkos::parallel_for UpdateVolumesForElems [type = Cuda, device = 0]
0.001 Kokkos::parallel_for CalcKinematicsForElems [type = Cuda, device = 0]
0.001 | Kokkos::parallel_for ApplyMaterialPropertiesForElems A [type = Cuda, device = 0]
0.001 | Kokkos::parallel_for IntegrateStressForElems A [type = Cuda, device = 0]
0.001 | cudaGetDeviceProperties
0.001 | Kokkos::parallel_for IntegrateStressForElems B [type = Cuda, device = 0]
0.001 | Kokkos::parallel_for ApplyAccelerationBoundaryConditionsForNodes A [type = Cuda, device = 0]
0.001 Kokkos::parallel_for CalcVelocityForNodes [type = Cuda, device = 0]
0.001 | Kokkos::parallel_for CalcFBHourglassForceForElems A [type = Cuda, device = 0]
0.001 | Kokkos::parallel_for ApplyAccelerationBoundaryConditionsForNodes B [type = Cuda, device = 0]

Main thread launching kernels
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OREGON

Metric: TAUGPU_TIME
Value: Exclusive
Units: seconds

3.8E-6

void Kokkos::Impl::cuda_parallel_launch_constant_memory<Kokkos::Impl::ParallelFor<_INTERNAL_019bd3e3_9_lules
void Kokkos::Impl::cuda_parallel_launch_constant_memory<Kokkos::Impl::ParallelReduce <Kokkos::Impl::CombinedFu
void Kokkos:: uda_parallel_launch_constant_memory<Kokkos::Impl::ParallelFor<_INTERNAL_019bd3e3_9_lules!
void Kokkos:: ::cuda_parallel_launch_constant_memory<Kokkos::Impl::ParallelFor<_INTERNAL_019bd3e3_9_lules
Context Synchronize
Memory copy Host to Device

void Kokkos::Impl::cuda_parallel_launch_constant_memory<Kokkos::Impl::ParallelFor<_INTERNAL_019bd3e3_9_lules
Memory copy Device to Host

void Kokkos:: ::cuda_parallel_launch_constant_memory<Kokkos::Impl::ParallelFor<_INTERNAL_019bd3e3_9_lules
void Kokkos:: uda_parallel_launch_constant_memory<Kokkos::Impl::ParallelFor<_INTERNAL_019bd3e3_9_lules!
void Kokkos:: uda_parallel_launch_constant_memory<Kokkos::Impl::ParallelFor<_INTERNAL_019bd3e3_9_lules!
void Kokkos:: :cuda_parallel_launch_constant_memory<Kokkos::Impl::ParallelFor < CalcKinematicsForElems(Domai
void Kokkos:: ::cuda_parallel_launch_constant_memory<Kokkos::Impl::ParallelFor<_INTERNAL_019bd3e3_9_lules|
void Kokkos:: ::cuda_parallel_launch_constant_memory<Kokkos::Impl::ParallelReduce <Kokkos::Impl::CombinedFu
void Kokkos:: ::cuda_parallel_launch_constant_memory<Kokkos::Impl::ParallelFor<_INTERNAL_019bd3e3_9_lules|
void Kokkos:: :cuda_parallel_launch_constant_memory<Kokkos::Impl::ParallelFor<_INTERNAL_019bd3e3_9_lules|
void Kokkos:: uda_parallel_launch_constant_memory<Kokkos::Impl::ParallelFor<_INTERNAL_019bd3e3_9_lules!
void Kokkos:: uda_parallel_launch_constant_memory<Kokkos::Impl::ParallelFor<_INTERNAL_019bd3e3_9_lules!
void Kokkos:: :cuda_parallel_launch_constant_memory<Kokkos::Impl::ParallelReduce <Kokkos::Impl::CombinedFu
void Kokkos:: ::cuda_parallel_launch_constant_memory<Kokkos::Impl::ParallelFor<_INTERNAL_019bd3e3_9_lules|
void Kokkos:: ::cuda_parallel_launch_constant_memory<Kokkos::Impl::ParalleIReduce <Kokkos::Impl::CombinedFu
void Kokkos:: ::cuda_parallel_launch_constant_memory<Kokkos::Impl::ParallelFor<_INTERNAL_019bd3e3_9_lules
void Kokkos:: ::cuda_parallel_launch_constant_memory<Kokkos::Impl::ParallelFor<_INTERNAL_019bd3e3_9_lules
Stream Synchroniz

void Kokkos:: ::cuda_parallel_launch_constant_memory<Kokkos::Impl::Paralle|lReduce <Kokkos::Impl::CombinedFu
void Kokkos:: :cuda_parallel_launch_constant_memory<Kokkos::Impl::Paralle|lReduce <Kokkos::Impl::CombinedFu
void Kokkos:: ::cuda_parallel_launch_local_memory<Kokkos::Impl::Paralle|lReduce <Kokkos::Impl::CombinedFunctc
void Kokkos:: ::cuda_parallel_launch_constant_memory<Kokkos::Impl::ParallelFor<_INTERNAL_019bd3e3_9_lules|
void Kokkos:: ::cuda_parallel_launch_constant_memory<Kokkos::Impl::ParallelFor<_INTERNAL_019bd3e3_9_lules|
Event Synchronize

void Kokkos:: uda_parallel_launch_local_memory<Kokkos::Im arallelFor<_INTERNAL_019bd3e3_9_lulesh_cc
void Kokkos:: uda_parallel_launch_local_memory<Kokkos::Impl::ParallelFor<_INTERNAL_019bd3e3_9_lulesh_cc

void Kokkos::Impl::cuda_parallel_launch_constant_memory<Kokkos::Impl::ParallelFor<_INTERNAL_019bd3e3_9_lules
void Kokkos::Impl::cuda_parallel_launch_constant_memory<Kokkos::Impl::ParallelFor<_INTERNAL_019bd3e3_9_lules
void Kokkos::Impl::cuda_parallel_launch_constant_memory<Kokkos::Impl::ParallelFor<_INTERNAL_019bd3e3_9_lules
void Kokkos::Impl::cuda_parallel_launch_local_memory<Kokkos::Impl::ParallelFor <Kokkos::Impl::ViewFill< Kokkos::Vie
desul::(anonymous namespace)::init_lock_arrays_cuda_kernel()

Kokkos::Impl::(anonymous namespace)::query_cuda_kernel_arch(int*)

void Kokkos::Impl::cuda_parallel_launch_local_memory<Kokkos::Impl::ParallelFor<Kokkos::Impl::ViewFill<Kokkos::Vie

Virtual thread with CUDA activity

Intel Xeon system with NVIDIA A100, size 256, 100 iterations, one rank




PerfStubs side note...

= PerfStubs is a “frictionless” instrumentation library
— https://github.com/UO-OACISS/perfstubs
— One source file, three headers
— Provides a plugin interface for performance tools

— Can be compiled away if desired

* Integrated into several libraries (so far) as a git submodule

— CAMTIMERS
—~ PETSc
Gink Boehme, Huck, Madsen, Weidendorfer,
— GINKEO “The Case for a Common Instrumentation Interface for HPC Codes”
— ADIOS2 https://doi.org/10.1109/ProTools49597.2019.00010, 2019
— Others?
= Provides runtime integration with TAU & APEX
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= Autonomic Performance Environment for eXascale APEX Introspection

APEX State

Triggered Periodic

= Performance Measurement
= Runtime Adaptation

= Designed for AMT runtimes (originally HPX)
— but works with conventional parallel models

a,
qoa’o
1y

= Focus on task dependency graph, not calling context graph

= Supports HPX, C/C++ threads, OpenMP, OpenACC, Kokkos, Raja, CUDA, HIP, SYCL,
StarPU... Working on Iris, PARSEc

= 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

https://doi.org/10.1109/ESPM256814.2022.00008 : “Broad Performance Measurement
O UNIVERSITY OF Support for Asynchronous Multi-Tasking with APEX”, Huck, ESPM, 2022 n
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https://github.com/UO-OACISS/apex
https://github.com/khuck/apex-tutorial
https://doi.org/10.1109/ESPM256814.2022.00008

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

1750000000
1500000000 |

GPU: Total Bytes Occupied on Device

— —— locality 0 i

© 1000000000 : - Tracking GPU memory usage with CUPTI

‘® 750000000

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

> —— locality 4
500000000 —— locality 5
250000000 ---- Mean: 584197830.5
0
0 50 100 150 . . one . . .
seconds from program | Monitoring GPU utilization with NVML library
o 50
3 40
% 304
20
101 v |
0 b 1 U H\JH\I‘U U T WV’W\[UI”\
0 100 150 200 250
seconds from program start
GPU: cuda_multipole_interactions_kernel_non_rho() GPU: cuda_multipole_interactions_kernel_rho()
Y ---- 8% Mean:349.372 | 10000 . % ---- 8° Mean: 448.217
810001 ___ L - --=- 16° Mean: 839.402 | @ o, . ---- 16° Mean: 1213.207
_____ s s it i ° A - PO I P PO P P PP
o 50 100 150 200 250 300 ° 50 100 150 200 250 300
seconds from program start seconds from program start
GPU: cuda_p2m_interaction_non_rho() GPU: cuda _p2m_interaction_rho()
750 v 750
Gt Sitshanin Misktone ---- 83 Mean: 80.319 e .5 ---- 83 Mean: 84 72
] ---- 167 Mean: 176.171 §m ---- 167 Mean: 184.206
0- SO 4 lDO 150 200 3 250 300 o 50 100 l 200 250 300 o
seconds from program start seconds from program start - =
GPU: cuda_p2p_interactions_kernel() GPU: flux_cuda_kernel() i
o ---- 8% Mean: 75.686 500 3 g e ' ok 1 ---- 8% Mean: 68.877
2 200 : ---- 16* Mean: 81.798 gm g ---- 163 Mean: 181.641
cccaleccccccety - - - - Setbeddbieded 6locteditdlbesd 66 -
o 50 100 150 200 250 300 /] 50 100 150 200 250 300
seconds from program start —
GPU: reconstruct_cuda_kernel() M M M M
- , Comparing subgrid sizes and relative kernel :
g :!. . '.‘. e --=-- 8% Mean: 192.715 . . . . ~
o - B . r— 3 -
St o weenzes || parformance with CUPTI device activity
o““ 50 100 150 200 = A 3-0; ----- o g 100 50 200 750 0
seconds from program start seconds from program start
UNIVERSITY OF https://github.com/STEIIAR-GROUP/octotiger

OREGON https://github.com/STEIIAR-GROUP/hpx N **

=



https://github.com/STEllAR-GROUP/octotiger
https://github.com/STEllAR-GROUP/hpx
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Example: XGC (tokamak plasma fusion PIC) on Frontier, 512 ranks

= Uses support for MPl, OpenMP-Tools, PerfStubs, Kokkos, Hip

= Post-processing view of MAIN_LOOP subtree, only with accumulated times > 5.0
seconds (only 72 nodes of 6298 of full task tree)

= Red: MPI, blue: other, intensity = % of total subtree

OpenMP Kokkos Kernels

—

cccccccc
AAAAAAAAA

.......
::::::::
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HIP Kokkos Kernels
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XGC: Push Kernel on Crusher/Frontier, Kokkos helped generate roofline
Kokkos + APEX + PAPI + rocprofiler = ©

2 Roofline for XGC kernels on Crusher

° electron push (old) [3.94,2.85]
» electron push (new) [96.03,3.69]

10

Peak: 26.5 TFLOP/s

(&)
& 99.8% 87.6% 98.7%
/)]
S 12 95.4% 58.8% 94.1%
™
I—

X

Increased computational intensity
25x, reduced time by 22% by using
Kokkos launch bounds of <256,2>

10° 10’ 10°
FLOP / Byte




Kokkos Lulesh and APEX Tracing - OpenMP, CUDA, HIP back ends

1661805108.3s + 6s +4.7 ms +9.7ms +14.7 ms +19.7ms +24.7 ms +29.7ms +34.7ms +39.7ms +44.7 ms +49.7 ms +54.7 ms +59.7 ms +64.7 ms +69.7 ms +74.7 ms +79.7ms
v
~
A Process 00
APEX MAIN
Kokkos:parallel_for [0penMP] CalcMonotonicQGradientsForElems Kokkos:paralle.. Kokk..| Kokkos.. Kokkos::.. | Kokkos:p.. Kokkos:para.. Kokkos:para.. Kokkos::parall... Kokkos::parallel... Kokkos::parallel_.. Kokkos:parallel_f.. |Ko.. |

PU Thread OpenMP Parallel Region: void Kokkos::Tools::Impl::end_parallel_for<Kokkos::RangePolicy<Kokkos::OpenMP>, Cal... OpenMP Parallel... | Ope... OpenMP..| OpenMP P..| OpenMP P.. | OpenMP Paral.. | OpenMP Paral.. | OpenMP Paralle.. | OpenMP Parallel . | OpenMP Parallel . | OpenMP Parallel Re.. [[o/:}8

CPU Thread 00 OpenMP Implicit Task: void Kokkos::Tools::Impl::end_parallel_for<Kokkos::RangePolicy<Kokkos::0penMP>, CalcM... ‘

OpenMP Implic... Open.. OpenM... OpenM... OpenM...

OpenMP Implicit Task: void Kokkos::Tools::Impl::end_parallel_for<Kokkos::RangePolicy<Kokkos::0penMP>, CalcM...
CPUThread 33 . 1 ! ! ! & E & M & &
OpenMP Implic.
OpenMP Implicit Task: void Kokkos::Tools:In |ePolicy<Kokkos::0penMP>, CalcM. Op-
CPU Thread 4 4 I! ! ! a a & & M 0.
OpenMP Implic... 0

OpenMP Implicit Task: void Kokkos::Tools::Impl::end_parallel_for<Kokkos::RangePolicy<Kokkos::0penMP>, CalcM... Op..
CPUThread 55 .
OpenMP Implic...

16617431488 s + 23s|+81u +208.1us | +408.2us | +608.2us | +808us |+1ms [+1.2ms |+14ms |+1.6ms [+1.8ms [+2ms [+22ms |+24ms [+26ms |+28ms [+3ms +32ms |+34ms [+3.6ms [+38ms |+4ms +42ms |+44ms |+46ms |+48ms |+5ms +52ms [+54ms |+5.6ms |+5.8ms |+6ms +6.2ms |+6.4ms |+6.6ms
X ‘
~

. Kokkos::parallel_for [Cuda, Dev:0] CalcMonotonicQRegionForElems Kokk... | Kokko... | Kokkos... Knld'm Kokkos::pa.. ~ Kokkos:par... Kol\lmr.:pnIL Kokkos::paralle... Kokkos::parallel.. [T P18 L
R Thead 00 * e | cuca el 1 e e e e | e e | e | e e
CUDA [0:1:00000] 272629760 + GP. ] CUDA G..| GP..| GPU..|'GHI:.. |GPII'00..| GPU: Con.. | GPU: Cont... | GPU: Conte... | GPU: Context ... ] GPU: Context S... I GPU: Context Sy...
CUDA 0100007 272625767 NN - J - cru- Gou:—J Gru-vo- Gou:voi- i Geu:voa— I GPu:vou - Geu:void KokJl] GPu:vou ok GeU:voi okdo-|

16617431353 s + 25s +249.4 us +749.3 us +1.2ms +1.7ms +2.2ms +2.7ms +3.2ms +3.7ms +4.2ms +4.7ms +5.2ms +5.7ms +6.2ms +6.7 ms +7.2ms +7.7ms +8.2ms +8.7ms +9.2ms +9.7 ms +10.2ms +10.7 ms +11.2ms +11.7ms +11
v
~
PU Thread Kokkos::parallel_for [Type:HIP, Device: 0] CalcMonotonicQGradientsForElems Kokko okkos:p okkos:p Kokko okkos:p { rallel okki okko ‘
CPUThread 00 * hipDeviceSynchronize hipDevic... hipDevic.- hipDeviceSy... hipDeviceSy... hipDeviceSync... hipDeviceSynchr. hipDeviceSynchro... hipDeviceSynchron...
HIP [0:00000] 268435456 x| |6 |ep- |GPU.. |GPU:v.. |GPU:vo.. | GPU:void. | GPU:voidK. | GPU:voidKo.. | GPU:voidKokk. | GPU:voidKokko.. | GPU:void Kokkos:..
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Kokkos Support in APEX

= APEX implements the same profiling APl that TAU does, and...

= APEX provides runtime auto-tuning (parametric search) support

= Kokkos provides the ability to autotune with:
-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: tile sizes

— RangePolicy’: block size

— All policies™ occupancy

“(in two long-dormant development fork/branches...working on new integration
because many kernels use RangePolicy)
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APEX Auto-tuning of ArborX DBScan with exhaustive search

A Process00

CPUThread 00 APEX MAIN
int apex_preload_main(int, char**, char™

500M l

pemes s |10 Response (time) | /*\—

Exploring team sizes

Using window size of 5
A Process00
(take at least 5 samples of
. e converges
int reload_main(int, char**, char**)
each settmg),occupan?y — | - e
converges on 85% (offline s
tuning showed = :
convergence between |
~45% and 90%), runtime B T =
red uced from 22 to 1906 Slice Kokkos::parallel_for [Cuda, Dev:1] ArborX::Experimental::HalfTraversal Contextual Options ~
seconds (11% faster) Details Arguments
Name Kokkos::parallel_for [Cuda, Dev:1] ArborX::Experimental:HalfTraversal v args
Category CPU GUID ~ 1242
Starttime  00:00 32 500 Parent GUID ~ 1
v Duration 750ns
Thread CPU Thread 0 [0]
UNIVERSITY OF Process Process 0
ORE G ON SQLID  slice1243] -




APEX Auto-tuning of ArborX DBScan with simulated annealing search

A Process00

CPU Thread 00 - mewan

int apex_preload_main(int, char**, char**) |
I | l | | LHNEY | I |1}
i i T, | 20M — Response (time)
ot nedkr e NBork A7 " W M \
Exploring team sizes
Using window size of 1,

occupancy converges on
70% (offline tuning converges
showed convergence
between ~45% and 90%),
runtime reduced from 22
to 19.6 seconds (11%
faster)
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Auto-Tuning test cases [ examples

= https://github.com/khuck/apex-kokkos-tuning
— mdrange_gemm - demonstrates tuning of tiling parameters for MDRangePolicy
— mdrange_gemm_occupancy - demonstrates occupancy tuning for MDRangePolicy
— occupancy - demonstrates occupancy tuning for RangePolicy

— mm2d_tiling - ugly, complex explicit tuning example for OpenMP parameters
* Thread count, schedule, chunk size

— idk_jmm - elegant, complex example that selects between two matrix
multiplication implementations (TeamPolicy or MDRangePolicy), while tuning
each for best configuration.

= Configure & Build:
— See README.md for latest info (https://github.com/khuck/apex-kokkos-tuning/)

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

Building apex-kokkos-tuning

" generic-cuda.shorperlmutter.shfor CUDA examples
* frontier.shfor ROCm example

= General idea: this is just a CMake compound project including the Kokkos and APEX
projects. Any CMake variables you would pass in to those projects you pass in to this
one. With specific notes:

— -DKokkos ENABLE TUNING=ON isrequired for tuning

— This repo uses a submodule that is a fork/branch of the main Kokkos repository,
waiting on a PR to be merged
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Example: testing mdrange_gemm 256x256 with exhaustive search

Wi

M

v
-~

i Response (time)

-~ The tuning knobs (tiling factors)

550 Al — a4 4 A A A A A A A A A QA 32

Exploring block, gridsizes | . - |

64

A Process00

CPU Thread 00
int apex_preload_main(int, char**, char*)

e T O R T UL U 0
GG

CUDA [1:1:00000] 541065216
CUDA [1:1:00007] 541065223
CUDA [1:1:00015] 541065231

Using window size of 2, tiling converges on block dimensions of (32,4,1)
and grid dimensions (8,64,1), the defaults are (16,2,1) and (16,128,1) converges
respectively - simulated annealing converges to the same values
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Example: testing mdrange_gemm 900x900 with exhaustive search

v =
A =

A Process 00

CUDA [1:1:00000] 541065216
CUDA [1:1:00007] 541065223
CUDA [1:1:00015] 541065231

65M M

Response (time)

N The tuning knobs (tiling factors)

32

16

CPUThread 00 APEX MAIN
int apex_preload_main(int, char**, char**)

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!

O
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Example: testing mdrange_gemm 900x900 with simulated annealing

Response (time)

5w ><
S

v The tuning knobs (tiling factors)

L | 32
Expﬁrin\g block, grid sizes 16

29

A Process 00
CPUThread 00 APEX MAIN
int apex_preload_main(int, char**, charx
|

cudaD..
O AT IO e e T ] e R R (i (ITEHA HAMET
CUDA [1:1:00000] 541065216
CUDA [1:1:00007] 541065223
CUDA [1:1:00015] 541065231

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!
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TAU or APEX?

= Use TAU when:
— Advanced MPIl or SHMEM measurements
— Sampling support
— HW/OS context (per-OS thread measurements)
— Broader HW support
— Python/ML/Al support
— TAU plugin support

= Use APEX when:
— Support for asynchronous tasking
— Focus on algorithmic task dependency, not HW/OS
— Runtime autotuning / feedback & control support

UNIVERSITY OF

OREGON

O




Acknowledgements

Parts of this research was supported by the Exascale Computing Project (17-SC-20-SC), a
joint project of the U.S. Department of Energy’s Office of Science and National Nuclear
Security Administration, responsible for delivering a capable exascale eco

including software, appllcatlons and hardware technology, to support the n'atlon S
exascale computing imperative.

This research used resources of the Oak Ridge Leadership Computing FaC|l|ty at the 0 [
Ridge National Laboratory, which is su pported by the Office of_ i L il
Department of Energy under Co

o U.S. DEPARTMENT OF Office of e

» ‘ \]
" ‘ ENERGY Science 7 RA PIDS/ - \(\._, \ I—)

O | 6rEGON



UNIVERSITY OF

OREGON




